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LOI NOI AU

Thudc thir hite co ¢6 nhidu ung dung trong hoa hoc phan tich, n6 da dugc str dung trong
phuong phap trong lwong, chuan do, tric quang va trong cac phep phan tich céng cu khac.
Trong phan tich trong luong, viéc tim ra thude thir 8-Hydroxyquinoline va dimethylglioxim
12 mét vi du dién hinh. Trong phan tich thé tich, thudc thtr hitu co quan trong nhat 1a EDTA
va nhitng chat twong ty. Trong phan tich quang hoc, nhiéu thudc thir hitu co tao san phdm cé
mau vé6i ion kim loai, duge dung dé phan tich dang vét cac ion kim loai. Ngay nay, nghién
ctru thude thir hitu co hau nhu c6 mat khiap cac phuong phap phén tich. N6 hé tro cho viée
tach, chiét, chi thi va cac chirc ning khac lam ting d6 nhay cta phép do.

Do mdi chét chi thi cé tinh chét riéng, dic trung riéng vé mau va kha ning tao phiec...
nén néu c6 nhitng hiéu biét co ban vé thudc thir hitu co s& gitip cho nguoi 1am cong tac phan
tich chon Iya dung chi thi cho phép thtr ciing nhu tim cac diéu kién t6i wu cho phan ung.
Biét duoc tinh chat cia thudc thir, nha phan tich ciing c6 thé dinh hudng tong hop cac thude
thir méi vu viét hon.

Tai liéu “Thudc thir hitu co” gdm 2 phan: phan 1 bao gém ndi dung 1y thuyét cua Thudc
thir hitu co va phan 2 13 phan tra clru cac Thudc thir hitu co va tmg dung cua ching. Déi véi
sinh vién chuyén nganh phan tich can thiét nghién ciru phan 1, khi lam chuyén dé va lam
khoa ludn t6t nghiép phai nghién ctru phan 2. No6i dung phan 1 gdm cac phan sau diy: Mo
dau, Phan loai thubc thtr hitu co, Nhoém hoat tinh phan tich va nhém chirc phan tich, Nhiing
luan diém co ban cua vé co ché phan ing gitra ion vo co va thudc thir hiru co, Lién két hoa
hoc trong thudc thir hitu co, Du doan pho ctia thudc thtr, Tinh todn mot sd hang s6 cua thudce
thtr hitu co va phtrc cua ching, Phan loai va gioi thi¢u tinh chét phan tich cua thude thr hiru
co, Céc thudc thir quan trong

Chung tdi tran trong cam on nhiing y kién dong gop ciia cac ban doc gan xa dé lan xuat
ban sau duoc hoan chinh hon.

Cac tac gia



PHAN I: LY THUYET THUOC THU HUU CO

CHUONG MO bAU
1. PINH NGHIA

Mot hop chit hoa h(_)q duoc sl’I dung dé phég hiéq, xac dinh hay dé’ tach trong qua trinh
phan tich hoa hoc mét chat hay hon hop ctia nhi€u chat dugc goi 1a thudc thir phan tich.

Do d6 thudc thir phan tich bao gdm ca nhitng chat chi thi, chit diéu chinh pH, dung dich
rira két tua. ..

Vay mot hop chét chtra carbon (CO,, CO, CaCOs) bat ky hodc truc tiép hodc gian tiép
dugc sir dung trong hoa phan tich dugc goi la chat phan tmg phan tich hiru co hoac gon hon
1a thude thtr hiru co.

Nghién ctru phan anh gitra thudc thir hitu co véi ion v6 co va img dung né vao phan tich
thuce chat 1 nghién ctru qua trinh tao phuc. Sy phat trién 1y thuyét hoa hoc trong nhiing nim
gan day va dac biét la sy ung dung thuyet truong phdi tir vao viéc nghién ciru cac kim loai
chuyen tlep va phirc cua ching dé gitip cac nha khoa hoc ndi chung va phan tich noi riéng
hiéu sau sic nhitng yéu t6 anh huéng dén do bén cua phirc chét, ban chat phd hap thu cua
chung va nhitng tinh chat qiy gia khac. Chung ta s& nghién ctru thudc thir hitu co trong
khung canh cta nhitng 1y thuyét hién dai nay.

2. UU PIEM CUA THUOC THU HUU CO SO VOI THUOC THU VO CO

Thuodc thtr hitu co ¢c6 mot s6 wu di€m ndi bat so véi thude thir vo co; vi vay nod dugc st
dung rat rdng rai trong thuc té cia hod phan tich.

1. Trudc hét can cha ¥ dén d6 tan rat nho cua hop chat tao bai thude thir hitu co va ion
vO co. Vi vay, nguoi ta cd thé rira két tia can than dé tach hét cac chat ban ma khong
s¢ mat di mot lugng dang ké ion can xac dinh. Ngoai ra, hi¢n tugng két tia theo khi
dung thudce thtr hitu co cling chi rat it.

2. Thubc thir hitu co thuong co trong lugng phan tir 16n do d6 thanh phan phan trim

cua ion dugc xac dinh trong hop chat tao thanh vé6i thudc thir hiru co bao gio cling
thap hon trong bat ky hop chét nao tao thanh bai thude thir vo co.

Vi du:
. A B c~ \ A0 5 .
Ton cin Hop chat tao thanh gluze} ‘ Thanh phan A> cua ion ,
Xéc dinh Ion can xac d{nh v6i thude can xac dinh trong hop c}lat tao thanh vai thuoc
thur thur
Oxyt nhom 53,0
Al3+ Oxyquinolinat nhom 5,8
Iodua Tali 61,7
TI+ Thionalidat tali 48.6

Thanh phan phan trim cta ion duoc xac dinh thip trong san pham cudi cung 1am giam
sai sO tinh toan, nghia la lam tang d¢ chinh xac ctia phuong phép phan tich. Mét khac thé




tich két tiia tao thanh boi thude thir v6 co (khi két tiia 1 lugng ion can xac dinh nhu nhau) do
d6 do nhay cua phan ing tang 1én.

1. 3- San phim mau cta thude thtr hitu co v6i ion vé co, c6 cudng d6 mau lon va trong
nhiéu trudng hop c6 cuong do phat huynh quang lon, do d6 nguoi ta c6 the phat hién
ca nhirng lugng v6 cung nhé ion vo co va dinh lugng ching bang phuong phép do
mau hodc do huynh quang mot cach thuan loi.

Thém vao d6, nhitng san phdm mau phan 16n 1a nhitng hop chit noi phirc nén kha bén va dé
chiét bang dung moéi hitru co lai 1 nhitng thuan l¢i khac rat dang keé.

4- Cubi cung can chi ra réng, do su khac biét cua ré:[ nhiéu loai thube tl}ﬁ: htru co nén ngu:g‘ri
ta c6 thé chon trong moi truong hop riéng biét, thude thir thich hop nhat va tim nhiing diéu
kién thudn lgi nhat cho phan ng tién hanh va do dé phan tng phan tich dat do nhay va do
Irra chon cao.

3. MOT SO PAC TINH CO BAN CUA THUOC THU HUU CO

Khi nghién ciru cac thude thir hitu co nguoi ta thuong quan tdm dén cac tinh chat sau day:

Do tinh khiét: Trir mot s6 it thude thir, hau hét cac hop chét hitu co trén thi truong 1a khong
tinh khiét. Tuy theo moi truong hop, c6 thé yéu cau dugc lam sach. Vi du: Chloranil nhu 1a
mot thuoc thtr dich chuyén dién tich v&i amino acid nén phai l1am sach trudce khi sir dung.
Day 1a yéu cau dau tién trong nghién ctru céc thude thir hitu co.

Do tan: PO tan cua thude thir trong dung méi nao s& quyét dinh phuong phap phan tich caa
thudc thur ay. Biét duoc do tan chung ta s€ chu dong trong nghién ctru.

Vi dy: EDTA khong tan t6t trong nudc (mdi trudng trung tinh). Pé thay d6i do tan cia nd
thi can trung hoa bang mot baz. 8- -Hydroxyquinoline tan yéu trong nudc, no thuong khong

tan trong acid acetic & dang bang va pha lodng bang nudc, néu phdi tir hay phirc cia né
khong tan trong nudc.

Ap suét hoi: Mot phirc c6 thé c6 ap suat hoi cao hon cac phure khac Nhitng din xuat cua
metoxy hay etoxy co ap suit hoi cao hon nhitng hop chit “bd me” cua ching. Dua trén su
khac nhau vé ap suit hoi cua cac phdi tir hay phirc ctia chiing, mot sé chat duge tach bang
phuong phap sac khi phd.

Do bén: Mot sb phirc chelate rat bén trong dung moéi tro khi phtre hinh thanh. Tuy nhién,
mot s6 phirc bén vo1 nhiét duge tach bang phuong phap chung cat ma khong bi phan huy.
Mot vai phirc nhay vdi anh sang va khong khi thi phai dugc bado quan can than.

Do phan cuc: PO phan cuc ciia mot phan tir cho biét d6 tan cia nd trong dung moi. Mot
phan tir phan cyc s€ c6 thuan lgi trong dung moi chiét. Bén canh do, su tach dya trén su
phan cuc hay khong phan cuc cta phan tir chat dugc chiét dugce sir dung mdt cach rong rai.

4. HUONG NGHIEN CUU CUA THUOC THU HUU CO

Hién nay, nghién ciru thudc thir hitu co di vao céc linh vyuc chinh sau day:

1. Tong hop nhing thude thir hitu co méi.

2. Tim cac phuong phap phan tich méi theo hudng don gian, nhay va chon loc.
3. Nghién ctru tac dong cua cac nhém chure.

4. Nghién ctru cdu tric cta thude thr.

5. Nghién ctru dong hoc phan ung.

6. Phtric nhya cay hitu co.



7. Céc nhém chiét.

8. May tinh va chuyén hoéa furier.

9. Nghién ctru phtc dich chuyén dién tich.

10. Thudc thir cho sy phat huynh quang va phat quang héa hoc.
11. Chét hoat dong bé mat.

12. Nghién ctru trang thai oxy hoa.



CHUONG I:PHAN LOAI THUOC THU HUU CO
Thudc thir hitu co bao gdm rat nhiéu loai nén can thiét phai hé thong hod chung.
I.1.SU BAT HOP LY CUA CACH PHAN LOAI TRONG HOA HUU CO

Nguoi ta c6 thé phan loai thude thir hitu co theo nguyén tic rat don gian, d6 1a nguyén
tac phan loai trong hoa hitu co (theo cdc nhom chiic).

Su phan loai nay chi thuan loi khi nghién ctru nhimg hop chat don gian con khi nghién
ctru nhitng hop chit phirc tap no t6 ra khong dap ing duoc yéu cau va con chtra nhiéu mau
thuan.

Theo sy phan loai do thi nhitng acid phenol carboxylic ¢ trong cung mdt nhém con
nhirng dihydroxybenzene thuéc vé mot nhom khac.

So sanh m— va o-hydroxybenzoic acid v6i m— va o—dihydroxybenzene ngudi ta thiy
rang m-hydroxybenzoic acid va m—dihydroxybenzene (Resocsin) c6 rat it tinh chat phan
tich giébng v&i o-hydroxybenzoic acid (salicylic acid) va o—dihydroxybenzene
(Pyrocatechin). Trong khi d6 dic tinh phan tich cia salixilic acid va Pyrocatesin lai rat gan
nhau. Sy ddng nhat tinh chét phan tich trong truong hop nay khong phai 1a do trong phan tir
c6 nhiing nhém chirc nhu nhau ma do Pyrocatesin va salicylic acid cung c6 kha ndng tao noi
phtrc 16n (nhd nhém tao phirc va nhém tao mudi & vi tri ortho ddi voi nhau).

Vi du: chat mau

s

Phan Umg v6i1 hydroxide magie trong moi truong ki€ém con chat mau

Mic du cung loai v6i hop chat trén nhung khong cho phan tng ay.

Theo tinh chat phan tich thi 8—oxyquinoline (I) va Anthranilic acid (II) trong d6i gan
nhau hon so véi 8—oxyquinoline (I) va 7—oxyquinoline (IIT) hoac 1a so v&i antharanilic acid
(IT) va Paraaminobenzoic acid (IV)

Se)eleste

COOH COOH

) Y (11D (V)



‘Nhiing dan ching da néu trén ching to rang cach phan loai thuong dung cho cac hop
chat hiru co, thi can cr vao cac nhom chtrc trong phan tir thudc thur dé phan loai 1a khong
hop ly.

I.2.PHAN LOAI THEO PHAN UNG PHAN TiCH MA THUOC THU THAM
GIA

Theo su phan loai nay, thude thir hiru co duoc chia thanh 9 nhom.
1) Nhitng chét tao phirc mau
2) Nhirng chit tao mudi
3) Nhing chat c6 kha ning tao nhiing hop chét cong hop it tan hodc c6 mau dic trung.
4) Nhitng chét chi thi
5) Nhitng chat mau tao phirc hip thu (son)
6) Nhimng thudc thir gdy nén sy tong hop hitu co trong phan tng, img dung vao phan tich.
7) Nhimng thudc thir c6 kha nang tao phirc vong voi ion kim loai (vong theo thanh hodc la do
lién két hoa tri, lién két phoi tir hodc 1a hon hop cé hai loai nay).
8) Nhirng chit oxy hoa
9) Nhing chét khu.
Hé thdng phan loai nay ciing mang nhiéu mau thuan noi tai:
1- Mot chit c6 thé co trong nhitng nhom phan loai khac nhau.
Vi du: Alizarin c6 thé ¢ ca nhém 5 va nhom 7. Dipyridin ciing c6 thé ¢ ca nhém 1 va
nhom 7.
2- Tac dung cua nhiing thuéc‘ thtr trong cung mot nhom voi nhimg ion vo vo lai co
nhitng dac tinh khac nhau vé nguyén tac.

Vi du: Theo sy phan loai trén thi acid oxalic, ethyeandiamine dumethylglyoxim phai
thudc vé nhom 7 vi chiing déu tao vong v4i nhitng ion kim loai.

(@]
| N
C—— >N CH2
O\ / so,

Ca Cu

/ \ HoN—chn2

C——O

l

l) 3

Nhitng ban chit va dic tinh cua oxalat can-xi, triethylandiamino ddong sunfat,
dimethylglyoximat Ni lai khac nhau rat co ban (mu6i, muoi phirc, mu6i ndi phure).

3- Sy tach riéng nhom chat oxy hoa va chat khir la khong hop 1y vi mét chat tuy thudc
diéu ki¢n cua phan tng, co6 thé dong vai tro chat khir hay chat oxy hoa.

Vi du: Methyl da cam.

H;C
/
H,;C
Trong phan ung v&i Chlor dong vai tro chat khir con trong phan tng véi Sn++ lai dong
vai tro chat oxy hoa.



I.3.PHAN LOAI THEO YOE

Yoe chia thudc thir hitu co thanh 11 nhom 16n (theo myc dich sir dung) va mdi nhém 16n
lai dugc chia thanh nhi€éu nhém nho (theo cach phan loai trong nhom hitu co).

Vi du: Nhém 16n thtr nhat 1a dung méi va chit 1éng rira bao gdm nhiéu nhém nho:
hydrocarbon, rugu, ester, ether, aldehydeketone...

Céch phan loai nay thuén tién cho viéc chon thudce thir nhung vé co ban n6é van mang
nhirng khuyét diém cua cac cach phan loai ké trén.

Vi du: Pyrogallol, p—nitrobenzene—azo-resocsin, 8—oxyquinoline ¢ trong cung mot
nhém nhung co ché tac dung cua moi hop chat do véi ion vo co lai rat khac nhau.

I.4.PHAN LOAI THEO FEIGL
Feigl chia thudc thir thanh 8 nhom
1) Nhiing thudc thir tao mudi
2) Nhiing thudc thir tao mudi phirc
3) Nhirng thudc thir tao mubi nodi phic
4) Nhitng thude thir tao mudi hop chat hap thu
5) Nhimg thudc thir ding trong nhitng phan tng tong hop hodc phan huy hitu co.
6) Nhimg thudc thir 1a hé oxy hoa khir hitu co
7) Nhirng thudc thir tham gia phan tng v6i ion vo co ¢ dang chuyén vi ndi phan.
8) Nhitng thudc thir tham gia vao nhirg phan (mg xuc tc.

Mac du chua that hoan hao nhung cach phén loai nay co uu diém co ban la dya trén co
ché phan tng va ban chét sau cung dé phan loai. Nhimg thudc thir dugc xép trong cung mot
nhom khong phai vi cong thirc giong nhau ma vi tinh phdn tng ma né tham gia giong nhau.

I.5.PHAN LOAI THEO WELCHER

Welcher cho rang nhimng thudc thir hitu co ¢6 gié tri nhat trong phan tich 1a nhiing thudc
thtr tao phirc vong cung voi ion phan loai. Can ctr vao s6 ion hydro bi ion kim loai thay thé
trong mot phan tir thude thir trung hoa dé tao thanh mot vong cang, Welcher chia thube thir
httu co thanh 3 loai:

Loai 1: Loai 2 ion hydro bi thay thé. Tham gia vao phan tng phdi tri loai nay 1a ion kim
loai va anion thudc thir 2 dién tich va do d6 ctr moéi bac phoi tri dién tich cia phirc s€ bang
dién tich cua ion kim loai trir di 2 don vi.

Néu s6 phdi tri ctia nguyén tir kim loai dbi v6i thude thir bang dién tich cua ion kim loai
thi phurc tao thanh la phtrc trung hoa va thirong khong tan trong nudec.

Vi du: o—benzoinxim c6 hai ion H' ¢6 thé bi thay thé, tao véi Cu®” hop chat phdi tri c6
thanh phan 1:1.




Néu s6 phéi tri cia nguyén tir kim loai d6i voi thude thir vigt qua dién tich cta ion kim
loai thi phtrc anion thuong tan trong nudc dugc hinh thanh. C6 thé 1y cac phirc tan Oxalate
(Fe(C,0,)3), Citrate (CaC;H,OH(COOQ);), tactrate (Fe(CsH4Oc)") lam vi du. Nguoi ta thuong
st dung céc phirc nay dé ngin can két tua hydroxide trong méi truong kiém.

Loai 2: Loai 1 ion hydro bi thay the Phan ung phoi tri xay ra gitra ion kim loai va anion
thudc thir 1 dién tich va do d6 cr mdi muc phdi tri dién tich téng cong ciia phic kim loai
bang dién tich cua ion kim loai trir di mot don vi. Néu sd ph01 tri cua nguyén tir kim loai doi
v6i thude thir hai 1an 16n hon dién tich kim loai thi hgp chat trung hoa khong tan trong nuéc
dugc tao thanh va trong da s6 truong hop, c6 thé chiét san pham phan ing bang nhiing dung
moi hitu co.

Can nhin manh ring, su phdi tri thuong ding lai & muc tao phirc trung hoa ngay ca
trong trudng hop nhitng vi tri con chua st dung hét.

Diéu d6 duogc giai thich nhu sau: sy phdi tri tiép theo doi hoi thude thir phai phan ly, va
phai hoa tan sdn pham khong tan. Phan 16n thude thir hitu co bi€u 16 tinh acid rat yéu do dé
su phan ly 1a khong thudn vé mat nang lugng.

Vidu: 8-oxyquinoline (HX) tac dung v6i Mg®* tao san pham dihydrat.
1\/Ig(H206)2+ + HX 9 MgX2 2H20 + 2H+ + 4H20

S6 phéi tri cia Mg?* bang 6 nhung dién tich truéng thanh trung hoa sau khi hai phan tir
thudc thir tac dung voi mot ion magie. Con Al** tao 8—oxyquinolat khong ngim nudc vi s6
phéi tri ctia n6 dung 2 1an 16n hon dién tich. Phan 16n nhitng thudc thir hitu co ¢ tng dung
rong rai trong phan tich diéu thudc loai ndy: o—nitroso, a—naphtol, dimethylglyoxim,
dithizone, v.v...

Loai 3: Loai nhirng ion hydro khong bi thay thé. O day phan tng phéi tri xay ra 1a do su
thay thé nhiing phén tir nuéc bang nhimg phan tr thude thir trung hoa. Do d6 san pham
phén ung la cation ¢6 dién tich dung bang dién tich cta catjon kjm ]oai ban dau. Mac du san
pham phan ng thirong tan trong nudc nhung doi khi c6 thé chiét bang nhirng dung moéi hiru
co nho cation hitu co khoéi lugng 16n va nhitng anion thich hop.

Vi du: C6 thé chiét phirc ctia Cu va Fe vé6i nhitng dan xuat cia 1, 10-phenanthroline
bang rugu cao phan tur.

Nhitng thubc thir tao sd chelate 16n hon voi 1 don phan tir thudc thir (vi du

ethylenediaminetetracetic acid va nhiing thudc thir néi chung) khoéng tao chelate khong
thudc vao ba loai hop chat ke trén.






CHUONG II:LY THUYET VE LIEN KET PHOI TRi

Ly thuyét phéi tri cua Werner voi quan diém hoa tri phu di cho ching ta mot cach giai
thich thong nhit vé sy ton tai ca phie chit, nhu [Co(NH:)s]Cls. Trén co s& clia thuyét nay,
thuyét 14 nén tan ctia hoa hoc cac hop chét phdi tri ngay nay, ta co thé giai thich tinh chat,
hoa 1ap thé cua nhimng chat loai tuong ty. Vi ly thuyét ciia Werner di duoc néu 1én 20 nim
trude khi xuat hién khai niém vé cau tao dién tir cia nguyén tir nén thuyet d6 khong thé mo
ta dudi hinh thirc hién dai, ban chit cua lién két phu, hay Ia lién két ph01 tri nhu chung ta
thuong goi. Dé mo ta ban chat cta lién két trong phuc chat, ngay nay ngudi ta sir dung rong
rai 3 thuyét:

O Phuong phap lién két hod tri (VB)
O Thuyét truong tinh thé tinh dién
O Thuyét quy dao phan tir (MO)

Trude hét can nén nhé lai nhitng déng gbép cua Lewis va Sidwick cho 1y thuyét lién két
hoa hoc.

IL1.LIEN KET HAI PIEN TU

Nam 1916, gido su hoa hoc cta truong Pai hoc Tong hop Canifornia, Lewis dd phat
biéu tai Berkle: “Lién két gitta hai nguyén tor A va B dugc thyc hién bing doi dién tor dung
chung cta hai nguyén tir. Thudng mdi nguyén tir gop mot dién tir vao do6i dién tir dung
chung”. Trén co s¢ cia nhirng khai niém do, Lewis da mo ta cac phan td CH, va NH; nhu
sau:

I._I. LN ]
H:C:H va *N:H
H H

Ngay nay ngudi ta goi phuong phap moé ta d6 1a phuong phap biéu d6 phan tir Lewis.

Biéu d0 Lewis cho chung ta thiy rd rang, nhitng phan tr NH," va NH; giéng nhau &
diém 1a trong nhitng hop chat nay c6 2 dién tir (d6i dién tir phan bo) lién két véi mdi nguyén
ttr hydro con ddi véi cac nguyén tir C, N ¢6 8 dién tir. Sy khac nhau co ban nhat, quan trong
nhat gitra 2 hop chit nay 13 & nguyén tir Nito con mot doi dién tir khong phan chia cho
nguyén tor hydro. Chinh vi vdy ma phin t&r ammoniac c6 kha nidng phan ung, n6 cho doéi
dién tir ty do cia minh dé dung chung véi bat ky mot nguyén tr ndo khac. Lién két nay
dugc hinh thanh cting la do mot doi dién tir nghia la cting la lién két cong hoa tri nhung vi
c4 hai dién tir déu do nguyén tir nito cung cap nén ngudi ta goi loai lién két nay 1a lién két
cong hop hoa trj phoi tri.

Phan Umg cua NH; véi céac acid tao thanh cac mudi amoni (1) dan dén lién két cong hoa
tri phoi tri.

H H +
H + :N:H ——>| H:N:H
H H

(2.1)

Song, 4 lién két trong NH," déu tuong duong. Diéu d6 ching t6 rang su khac nhau giita
lién két cong hoa tri thuong va lién két cong hoa tri phdi tri khong dang ké. Phan tir



ammoniac ciing c6 thé cho doi dién tir tu do ciia minh dé dung chung véi nhimg ion hoic
phan tir khac. Néu ion kim loai thay thé ion hydro thi hinh thanh cac phtrc anion kim loai
(Phuong trinh (2.2),(2.4), vi nhiing phan ing nay chu yeu xay ra trong dung dich nudc nén
n6i mot cach chinh xac hon 1a nhimng ion kim loai dau tién ton tai trong dung dich nudce
du6i dang phuc nudc (phiic aqua) va nhitng phan tr nudc phdi tri bi thay thé boi nhiing
phan tir ammoniac (phuong trinh (2.5)(2.8)).

H H + H H *
Ag'+ NH —> H:I:\:I:Ag + NHy ——> Hil:\:fiAg:N:H
H H
i H (2.2)
++
NH;
Cu™ { 4NH; — > | H3N:Cu :NH;
NH;
(2.3)
++
H3N NH;
Ni's ONH; > | H3N: N1 : NH;
H3N NH3
(2.4)
|1 2.5)
|4g(- 0m,), |4g(: NH,), (2.6)
[culom,),|? +4: NH, - |cul: NH,),]” +4H,0 2.7
[Nil: 0H,),|? +6: NH, - |Ni(NH,),|"? +6H,0 2.8)

Nhitng phan g tuong tu, theo Lewis 1a nhitng phan tng acid baz. Theo Lewis acid la
nhing chat, nhitng phan tr c6 kha ning lién két doi dién tir (chdt nhan), con baz 1a nhiing
chat c6 kha niang cho dién tir (chat cho). Két qua 13, phan mg acid — baz dan dén su tao
thanh nhing lién két phdi tri theo so dd:

A + ‘B — A:B (2.9)
acid baz hop chat
(chét cho) (chat nhan) phbi tri

Thuyét ciia Lewis tong quat hon thuyét cua Arrenius. Theo thuyét cua Lewis thi nhitng
hop chat nhu BFs, AICL, SO; va SiF, ciing 13 nhitng acid vi déu c6 kha ning nhan dién tir.
Nhitng hop chit loai FsBNH; va CsHsNSOs thudng goi 1a nhitg san pham cong hop, ching
ciing 14 nhitng hop chat phdi tri.

F H F H
F:E: + N:H _— F:E:I:\:I:H
F H F H

(2.10)



AICL; +:CI —— > <A1C14>_

@2.11)
SO3 + C5H5N: . C5H5N:SO3 (212)
2-
SiF, + 2 F —>< SiF6>
(2.13)

Nhitng phéi tir cho déi dién tir cia minh dé dung chung v6i nhirng kim loai va nhu vay
theo Lewis ching chinh 1a nhiing baz. Ta c6 thé néu 1én nhitng phan t&¢ H,O:, NHs:,
(C,H5)5P:, :CO va :NH,CH,CH,NH, va nhiing ion :Cl:, :CN, :OH, :NO,

OOCCH,_ CHQCOO
. NCHQCHZN
OOCCH,” “CH,CO0

(2.14)

RS rang rang EDTA la nhing phéi‘ tr 2 va 6 rang. Nguyén tir c6 s6 doi dién tir khong
phan chia 16n hon mot c6 thé dung la cau nguyén tu

(C2H5)3P\ n — Cl\ N - Cl
- \Cl / \

Cl P(C,Hs);

(2.15)
IL2.NGUYEN TU HUU HIEU

Nhirng khi tro (He, Ne, Ar, Kr, Xe, va Ru) la nhiing chat dién hinh khong c6 kha nang
phan tng, chi m6i gan day nguoi ta moi diéu che duge mot sé nguyén tir d6. P tir lau
ngudi ta nhan xét rang, nhing hop chat trong d6 mdi nguyén tir bang cach thay the doi dién
tr chung voi cac nguyén td khac dé duoc bao quanh minh mot s6 dién tu bing sb dién tur
trong nguyén tir khi tro 12 nhitng hop chét rat bén viing, gido su trudng tong hop Oxford 1a
Sidwick da mang khai niém d6 vao linh vyc phirc cua kim loai. Ong ta khang dinh rang, ion
kim loai trung tdm s& dugc vdy quanh minh mot sé ph01 tir sao cho sb dién tir chung trong
nguyén tur kim loai dat to1 nhu trong nguyén tur khi tro. S dién tir chung do trong nguyén tir

chat tao phirc kim loai duoc goi 1a s6 nguyén tir hiru hiéu. Vi du s6 nguyén tir hiru hiéu cua
Co(11I) trong [Co(NH;)s]*" dé dang tinh dugc nhu sau:

Co ¢6 s6 nguyén tir bang 27, ¢ 27 dién tir

Co (IIT) ¢6 27 — 3 = 24 dién tr

(NH3) c6 2*6 = 12 dién tr dugc dung chung

Vay sb nguyén tir hitu hiéu ctua Co(III) trong phtrc (Co(NH;)e)** bang 24 + 12 = 36 dién
tur

S6 nguyén tir hitu hiéu cua nhiéu phtrc khac dugc xac dinh bang cach do, trong nhiéu
truong hop bang sé nguyén tir khi tro. Nhung quy luat do ciing c¢6 nhiéu ngoai 16. Vi du nhu
d6i v6i phitc [Ag(NH;)s]* va [Ni(en)s]>" thi s6 nguyén tir hiru hiéu bang 50 va 38. Néu sb
nguyén tir huu hiéu cta kim loai trung tam ludn ludn chinh x4c bang sd nguyén tir ciia khi
tro thi c6 thé biét dugc sb phdi tri ctia ion kim loai trong tit ca moi phirc.

Loai hop chat thuong tuan theo quy luat s nguyén tir hitu hi¢u 1a nhitng hop chat
carbonyl cua kim loai va nhiing dan xuat ciia nd. Nho quy ludt nay c6 thé xac dinh chinh



xac s6 nhém CO trong phan tir nhimg carbonyl don gian nhat ciing nhu ¢ thé du doan
nhirg hop chit nay co thé ton tai dudi dang nhitng monomer hay khéng. Vi du nhu sb
nguyén tir hiéu dbi voi cac kim loai trong nhimg hop chét Ni(CO)4,Fe(CO)s, Fe(CO)Cl,
Mn(CO)sBr, CoNO(CO)s, va Fe(NO)(CO), déu bang 36. Pé tinh sé nguyén tir hitu hiéu
trong cac hé nay co thé cong nhan mdt cach thuan loi 1a CO, CI', Br cho hai nguyén tir dé
tao thanh lién két con NO thi cho 3 dién ti.

Cong thirc: (CO)sMn-Mn(CO)s 1a cong thire don gian nhat trong so nhiing cong thirc co
thé c¢6 clia carbonyl mangan néu cong nhan mdi nguyén tir can c6 s6 nguyén tir hitu hiéu
bang 36.

S dién tir cia mdi nguyén tir Mn = 25

S6 dién tir ctia 5 nhom (:CO) = 10

S6 dién tir ctia lién két Mn-Mn = 1

Téng cong 1a 36

Nguyén tir Mn khi tao lién két v6i nguyén tir Mn khac co thé nhan mot dién tir. Khi d6
moi nguyén tir kim loai gop moét dién tir dé tao lién két va nhu vay moi nguyén tir c6 chung
vo1 nguyén tir khac 2 dién tu.
I1.3.CAU TAO PIEN TU CUA NGUYEN TU

‘Trude khi ban luan vé nhirng van dé 1y thuyét lién két, can thiét phai néu 1én mot cach
ngan gon cau tao dién tir ciia nguyén ti. Nhung dién tir trong nguyén tu lan luot chiém céc
mirc nang luong. Trén muc ning lugng dau tién cd thé c6 nhiéu nhat 2 dién tir, trén muc thi
hai 1a 8, trén muc thr 3 1a 18 va trén muc thir tu 1a 32. Nhiitng mirc nang lugng chinh tir 1
dén 7 chia ra 1am nhitng mtrc nang lugng phu: s, p, d, f. Nhitng dién tir lan luot chiém cac
murc nang luong phu chtra du dién tir c6 niang luong thap. Trong tit ca cic ban luan sau nay
chung ta gia thiét rang dién tir s& & trén mirc ning luong thip nhat.

Trong so d6 muc nang lugng (hinh 2.1) 16 rang rang trong mdi muc nang lugng chinh,
murc nang lugng phu s ¢6 nang luong thép hon mirc nang lugng phu p, mirc nang luong phu
p thdp hon muc nang luong phu d va cudi cung mue nang lugng phu d thip hon mirc ning
lwong phu f. So dd cling chi ra ring muc ning lugng phu 3d ¢6 ning lwong cao hon mirc
nang lugng phu 4s va mic nang lugng phu 4f ¢6 nang lugng cao hon mirc nang lugng phu
6s. Nhu vay mic ning lugng phy ctia mot mic ning lugng chinh ¢ thé c6 gia tri ning
lwong cao hon muc ning luong phu thip ciia mirc ning lwgng chinh tiép theo.

Mic du ring gia tri cia mirc nang luong phu ciia mdt muc ning lugng chinh ludn ludn
phan bd theo trat ti sau: s<p<d>f, ning luong twong ddi ctia ching trong cac mic ning
lugng chinh khac nhau con chi¢u anh hudng cua su bao quanh cia nguyén tir dang xét va
phu thudc rat nhiéu vao s6 nguyén tir cia né. Vi du nhu trong nguyén tir Kali muc ning
luong phu 3d cao hon 4s. Trong nguyén tir Scandi nang lugng cua cac mirc phy 3d va 4s
bang nhau va trong nguyén tu kém mirc nang luong phu 4s lai cao hon 3d. Dé hinh dung

mot cach gan dung cac cdu hinh dién tir ciia nguyén tir ta c6 thé sir dung so dd di din ra &
hinh 2.1.
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Hinh 2.1: So d6 muc ning luong cua nguyén tir

Trén hinh 2.1, quy dao dugc mé ta bang cac vong tron nho. S quy dao ctia mdi mirc
nang lugng phu twong tmg nhu sau: s=1, p=3, d=5, £=7. Trén mbi quy dao co thé c6 tbi da 1a
2 dién tir va nhu Vay s0 dién tur cyc daicias la2, cuapla6, cuadla 10 va cua fla 14. Bién
tor sap xep vao moi murc nang lugng phu theo nguyén tic Hund. Theo qu1 tac nay, dién tu:
phai sip xép vao cac quy dao cua cung mot muc nang luong phu nhu thé nao do dé co sb
dién tr khong ghép doi t61 da. Diéu d6 co nghia 1a dién tur lan lugt duoc sip xép vao cac
quy dao tréng, boi vi ching day nhau va ¢ xu thé nam trén nhitng quy dao khac nhau sao
cho cang cach xa cang tbt c¢6 thé dién ta cdu trac dién tir cia N, Ti va Mn nhu trén hinh 2.2.
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Hinh 2.2: C4u tao dién tir ciia cac nguyén tir N, Ti, Mn

Nhitng dién tir ciia phirc phu p ciia nguyén tir Nito va nhitng dién tir cia mtrc phu d cua
cac nguyén tir Ti va Mn khong ghép d6i khong can thiét phai viét tit ca cac mirc ning luong
phu nhu trén hinh v€. Thuong nguoi ta chi néu 1én nhitng dién tr ¢ 16p ngoai vo khi tro
(nhiing dién tir hoa tr1) boi vi chinh ching tham gia vao sy tao thanh nhiing lién két hoa hoc.
Cudi cing can nhan xét rang: Sau nay dé tién loi ta sip xép muc phu 3d trudc 4s, 4d va 4f
trudce Ss..



Sau khi nghién ciru cu tao dién tir ciia nguyén tir ching ta can xét cau tao dién tir ctia
ion. Noi1 chung khi tao thanh nhiing ion duong, dién tor hda tri bi tach ra khoi quy dao
nguyén tir ing v6i ning luong cao nhat. Trong truong hop cua nhitng kim loai chuyén tiép,
nhimg dién tr s ngoai c6 ning lugng cao nhat va do d6 nguyén tir mat nhiing dién tir ndy
trudc tién. Vi vy c6 thé hinh dung cau tao dién tir ctia Ti*" va Mn®>" nhu hinh 2.3.
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Hinh 2.3: Céu tao dién tir cia nhirng ion Ti** va Mn**

Tiép theo can phai biét dang quy dao dién tr. Ngudi ta hiéu hinh dang quy dao 13 mé
hinh hinh hoc ving khong gian c¢6 xac xuét tim thdy dién tr 1on nhét trén quy dao do.
Chung ta gid¢i han ¢ nhiing quy dao s, p,d boi vi ching thuong tham gia vao su tao thanh
lién két. Chi ¢ cac nguyén té chuyén tlep (cac nguyén t6 dat hiém va actinide) cac quy dao f
méi tham gia vao su tao thanh lién két dién tir. Quy dao s c6 hinh dang ddi xtmg “cau”
(hinh 2.4), quy dao p c6 hinh dang hinh “qua ta” huéng theo mot trong ba truc toa do. Quy
dao px hudng doc theo truc x, quy dao py, hudéng doc theo truc y, quy dao p, huéng doc theo
truc z (hinh 2.5). Bon trong s6 5 quy dao d c6 dang hinh “hoa thi” va méot ¢é hinh “qua ta”
va ¢ vanh bao quanh ¢ trung tam. Ba quy dao “hoa thi” dyy, dx,, dy, huong theo nhiing mat
phing xy, xz, yz, ching duoc phan bd gifta hai truc xac dinh mit phang. Quy dao thir tu

d, ,, hudng theo mat phang xy doc theo cac truc x va y.

z
y

a

Hinh 2.4: Hinh dang khong gian cua quy dao s



Hinh 2.5: Hinh dang khong gian cua quy dao p.

I1.4.PHUONG PHAP LIEN KET HOA TRI (VB)

Phuong phap lién két hoa tri da dugc giao su Pauling (Hoc vién Ky thuét ¢ California)
phat trién va néu 1én mot cach dé hiéu trong quyén sach cua minh “Bén chét cua lién két hoa
hoc”. Ngoai Marie Cuirie, Pauling 13 ngudi duy nhét 2 1an duoc giai thuong Nobel (mot 1an
vé hoa hoc nim 1954, mot 1an vé hoa binh nim 1962). Quan diém cua Pauling da anh
hudng rat 16n dén tat ca moi linh vuc ciia hoa hoc. Ly thuyét cong hoa tri clia ong da co kha
nang thong nhat nhimg quan dlem cua cac nha hoa hoc va do do dugce pho bién rong rai.
Nho thuyét ndy, c6 thé giai thich t6t cAu tao va tir tinh cta phirc kim loai. Ly thuyet nay co
thé giai thich ca nhing tinh chat khac cta cac hop chat phéi tri vi du nhu quang phé hap thu
nhung dudng nhu bang nhimg 1y thuyét khac c6 thé lam nhimg viéc nay dé dang hon. Do
do, trong nhiing nam gén day nhiing nha bac hoc nghién ciru van dé hoa hoc cila cac hop
chét phdi tri thich tha ly thuyét truong tinh thé, truong phéi tir va 1y thuyét quy dao phan tir
hon, Chiing ta s& chu yéu nghién ctru cac 1y thuyét nay.

Trude hét can nghién cru xem phuong phap lién két cong hoa tri dd mo ta su tao thanh
cac phirc chit [CoFe]> va [Co(NHs)s]*" nhu thé ndo va so sanh véi nhimg quan diém cua Iy
thuyét truong tinh thé va Iy thuyét quy dao phan tir ma chung ta s& xét t6i sau day. Dau tién
can néu 1én rang [CoF]* chua 4 dién tir khong ghép ddi trong khi d6 thi & [Co(NHs)e]*" tat
ca cac dién tir da ghép d6i. Mdi phdi tir (theo Lewis 1a baz) cho mot déi dién tir dé tao lién
két cong hoa tri phé)i tri. Theo phuong phép lién két cong hoa tri, cAu tao dién tir ctia céc
phirc trén dugc minh hoa & hinh 2.6. Lién két trong trudng hop nay 1a lién két cong hoéa tri.
Nhiing t6 hop tuong tmg nhiing quy dao nguyén tir cia kim loai pha hoa vao nhau va tao
thanh dang quy dao maéi goi 1a quy dao lai hoa. Nhimg quy dao nay tao thanh nhiing lién két
cong hoa tri bén hon giira kim loai va phdi tu.
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Hinh 2.6: Su tao phirc va [Co(NH ) 6]3' theo quan diém ciia phwong phdp
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lién két héa tri

Trong 6 phéi tir phdi tri, nhitng quy dao lai hoa hinh thanh do sy pha hoa nhiing quy dao
nguyén twr s, px, py, pz, dx»-y» va dz,. Sdu quy dao lai hoa hinh thanh sp’d® huéng t6i nhiing
dinh cta bat dién. Ta nhan thay rang d6i véi phitc [CoFe]> nhitng quy dao d ciing cung c6
mirc nang luong chinh nhu quy dao s va p. Phuc loai ns np® nd® goi 1a phitc quy dao ngoai
boi1 vi nhitng quy dao d “ngoai” tham gia vao su tao phic. Méat khac, nhitng quy dao d co
chtrc mirc ning luong chinh thap hon quy dao s va p tham gia vao sy tao phtrc [Co(NH3)e]*".
Nhitng phtrc nhu (n-1)d* ns np® duoc goi 1a phirc quy dao trong bodi vi nhitng quy dao d
trong da tham gia vao sy tao thanh ching.

I1.5.LY THUYET VE TRUONG TINH THE

Phuong phap lién két hoa tri va thuyét trudng tinh thé tinh dién khac nhau vé ban chat.
Phuong phép lién két héa tri xuat phat tir gia thuyét lién két phdi tri 1a cong hoa tri con 1y
thuyét tinh di¢n thi hoan toan bac bod dac tinh cong hoa tri cua lién két va gia thuyét rﬁng
lién két giita ion kim loai va phdi tir 1a hoan toan ion. C6 thé tinh toan ning luong cua lién
két phdi tri khi ta sir dung nhimg phuong trinh c6 dién cua thé nang, c6 ké toi lyc hat va luc
day giita nhitng hat nhan tich dién.

Ning luong lién két = qiqu/r (2.16)

Trong phuong trinh (2.16), q: va q, la nhitng dién tich ctia nhitng ion tuong tac, r la
khoang céch gitra nhitng trung tam cua nhirng ion. Nguoi ta sit dung phuong trinh twong tu
dé mo ta ca nhimg twong tac cua phén tir phan cuc khoéng tich dién voi ion. Phep gin dung
d6 cho nhiing két qua phu hop kha tbt v6i nhitng gia tri ning lugng lién két tim dugc bang
thuc nghiém déi voi nhimg phirc cua nhirng kim loai khong chuyén tiép. D6i véi phtc cta
kim loai chuyen tiép nhitng gia tri tinh toan trudc thuong qua nho. Sy khong twong tng do
s¢ dugc bo chinh lai mot cach dang ké néu chu ¥ t6i quy dao cua nhimg dién tir d va gia
thuyét vé anh hudng ciia phdi tir 1én nang lugng tuong d6i cua nhimg quy dao d.

Niam 1930, lan d4u tién nhing nha vat 1y (Beta va Vanflek) da hoan thién 1y thuyét tinh
dién va str dung dé giai thich mau va tir tinh ctia cac mudi tinh thé. Ly thuyét nay duoc goi
1a 1y thuyét truong tinh thé. Mic du 1y thuyét nay néu 1én trong cung thoi gian hodc 13 sém
hon mot chut so voi phuong phép lién két héa tri nhung 20 niam sau d6 méi dugc cac nha
hoa hoc biét t6i va sir dung. Nguyén nhan cé thé 1a do thuyét truong tinh thé da duoc viét
cho c4c nha vat Iy con phuong phap lién két hoa tri thi lai cho mot quan niém khé rd rang vé
lién két giita cac nguyén tir.

Nam 1951, mot s6 nha hoa hoc 1y thuyét da sir dung thuyet truong tinh thé mot cach doc
12p v61 nhau de giai thich phd cta phirc nhitng kim loai chuyén tiép. Vi phuong phap do to
ra c6 hiu qua nén ngay 1ap tirc hang loat cong trinh nghién ctru da dugc tiép tuc. Nguoi ta
da lam sang to rang thuyet truong tinh thé rat thuan lgi cho viéc giai thich ban dinh luong
nhiéu tinh chét da biét cua cac hop chat phdi tri.



Dé hiéu thuyét truong tinh thé con hinh dung mét cach rd rang sy dinh hudng khong
gian cua quy dao d (hinh 2.7). Tuong tac cua nhimg quy dao d cua nhing kim loai chuyen
tiép v6i cac ph01 tir bao quanh, né san sinh ra hiéu tmg truong tinh thé. De minh hoa thuyét
truong tinh thé, ta hiy xét phirc bat dién [TiFe]*. Trong ion Ti*" tu do nam cach biét trong
khong gian, hinh dang dién tir 1a nhu sau: 1s2s*2p®3s?3p°, & d6 khong c6 di¢n tir d. Nam
quy dao 3d trong trong ion d6 dugc dédc trung bang cuing mot muce nang lugng. Diéu d6 cho
phép gia thuyét rang dién tir ¢6 thé nim trén mot trong s6 nhimg quy dao d d6 véi xac xuét
nhu nhau. Nhiing quy dao tuong tmg vdi cung mét gia tri nang luong goi la quy dao suy
bién.
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Ton kim loai ti do (Ti*")  Phtrc gia thuyét véi  Phuc bat dién [(TiFs)*]
cac quy dao d suy bién

Hinh 2.7: So d6 mirc ning luong cua nhitng quy dao d cua ion kim loai ti do ctia phirc gia
thuyét trong d6 khong co6 sy tach mirc bdi truong tinh thé va cua phure bat dién.

Trong phtrc [TiFs]* ion Ti*" dugc bao quanh boi 6 ion F. Do sy ¢6 mit cua nhirng ion F°
d6, tac dung day ciia nhitng dién tich 4m cua chung giy trd ngai cho sy nap dién tir vao quy
dao d ctia ion Ti*". Néi mot cach khac, nhitng ion F~ (hodc 1 nhimg phdi tir khac) khi tién
t61 gan quy dao d lam ting ning luong twong tmg ctia chung (hinh 2.7). Néu nhu 6 ion F-
bao quanh ion Ti*" trong [TiFs]* phan b trén ciing mot khoang cach téi 5 quy dao d cua Ti**
thi tat ca cac quy dao d dic trung ing véi cing mot gia tri nang lu’ong (chung bi suy bién)
nang lugng tuong tmg 16n hon so vo6i nang lugng von co cua ion Ti* tu do. Phuc bat dién
v6i tat ca cac quy dao d suy bién 1a phirc gia thuyét. Phirc [TiFs]* ¢ ciu tao bat dién. Dé
tién loi cho su nghién ctru phirc d6 chiing ta xem nhu 6 ion F~ s& phan bd trén céc truc x, y, z
trong hé toa d¢ Descartes. Trong su phan bd nhu vay:



Cac ion s& nam gan cac quy dao d, ,, va d,, nhat, d6 1a nhitng quy dao e, (hinh 2.6). Su
that 13 cac quy dao e, hudng thang toi cac phdi tir F trong khi d6 thi nhitng quy dao dyy, dy,
d,, ki hiéu 1a cac quy dao t,, lai huéng vao giira cac phdi tir (ki hiéu e, va t,, dugc st dung
trong 1y thuyét nhom ciia toan hoc, t chi sy suy bién bac 3, e chi su suy bién bac 2). Do d6
dién tir kho chiém chd trén quy dao e, hon 13 trén quy dao t,, va vi vay nhimg quy dao e,
phai dac trung bang gia tri ning luong cao hon so véi t,,. Su phan chia nhu thé, nim quy
dao suy bién cua ion kim loai tu do thanh nhirng nhém quy dao déc trung bang nhing ning
luong khac nhau 1 dic diém cha yéu cua thuyét truong tinh thé. Hién twong d6 dugc goi 1a
su tach mirc do trudng tinh thé. Nhu di trinh bay trén, su tich mirc ning luong xay ra 13 do
nhiing quy dao d dinh hudng khéng dong nhét trong khong gian nén nhitng nguyén tir, ion
hay phan tir bén cach c6 thé 1am bién doi ning luong ctia nhitng quy dao hudng ti ching.

Nhiéu sinh vién cho ring rit kho quan niém mot cach rd rang vé thuyét trudng tinh thé
va quan diém tach murc cua thuyét nay. Trén ddy chung toi di trinh by nhirng luan diém co
ban nhét dua trén co s¢ nhimng mé hinh khong gian cta nhiing quy dao d. P6 1a con duong
dung dan di toi thuyét truong tinh thé. Ta c6 thé din ra mot hinh anh vat Iy nhu hinh 2.8,
Chung ta hay cha y toi hinh 2.8 va gia thuyét rang ion kim loai va 16p vo dién tir ciia nd
dugc hinh dung duoi dang qua cau dan hoi bang bot bién. Biy gid chung ta hiy xem qua
cau bién doi nhu thé nao néu bi 16p v6 hinh cau cing (twong tmg v6i cac phi tir) tac dung
1én no6 tr bén ngoai. Thé tich qua cau bi thu nho lai va hé sé c6 nang lugng cao hon, diéu
nay duoc kh:fmg dinh boi sy kién 1a qua cau dan hoi tu 16n 1én dé chiém thé tich ban dau sau
khi tach khoéi 16p vé rang budc néd. Su bién do6i nang luong d6 tuong Gmg voi su ting ning
luong phat sinh do su day nhau giita nhitng dién tir trong ion kim loai va dién tir cia phdi tir
trong phirc gia thuyét.
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Qué cau bing bot bién Qua cau bing bot bién dudi  Qua ciu bing bot bién duéi ap

(ion kim loai tw do) ap luc cua 16p vo hinh cau luc tac dong vao nhitng hudng
(phtre gia thuyét) xéc dinh (phtic chat).

Hinh 2.8 : Hiéu tng cua truong tinh thé duoc hinh dung mét cach cu thé nhu 1a ap luc cua

16p vo hinh cau 1én qua ciu bang bot bién & tit ca moi hudng va nhu 13 ap luc 1én qua cau
do6 khi tap trung vao nhitng cho xac dinh.



Néu bay gi0 16p vo cung tap trung luc tac dung cua n6 vao 6 diém riéng biét (vi du dinh
ctia bat dién ching han) thi qua cau s€ bi 16m vao trong ¢ nhiing diém ay va 16i ra ngoai &
nhirng diém giita cac diém 4y. Do két qua cua stc ép do, nén hé bot bién c6 ning luong cao
hon & 6 diém co 4p luc cao va ¢ ning luong thap hon ¢ nhimg diém giira chung. Piéu d6
tuong Gmg voi sy taich murc cla truong tinh thé va nhitng diém 16i ra twong tmg véi _quy dao
t,,, nhirng diém 1dm vao trong twong tmg véi quy dao e,. Trudc day ta dd nhan x¢ét rang nang
lugng twong g cua nhiing quy dao d cua ion kim loai tang Ién khi phéi tir tién gan t6i ion.
Diéu d6 ty nd cho phép hinh dung rang, phirc phai kém bén hon ion kim loai va phdi tir tu
do. Nhung chinh su kién tao phirc chi rd rang phirc 1a dang c6 ning luong thp hon sao voi
ion kim loai va phéi tir & riéng le. Su tang nang lugng cua nhiing quy dao d cua ion kim loai
hoan toan dugc bu trir bang ning lugng tao lién két giira ion kim loai va phdi tir. Trong
truong phdi tir bat dién nhimg quy dao t,, va e, cua ion, twong Gng v6i nhitng ning luong
khac nhau. Hiéu sb niang luong duoc ki hiéu 1 A,. Co thé no6i rang, do dic diém hinh hoc
ctia h¢ bat dién, nang lugng tuong tmg cua nhing quy dao t, nho hon 0.4A,. so v6i nang
lugng cua nhitng quy dao d suy bién bac 5 cta phuc gia thuyét, tirc 1a phirc thu dugc néu
nhu khong xay ra sy tich muc ning luong truong tinh thé (hinh 2.7). Ciing do nguyén nhan
do, nang luong tuong ung cua nhimg quy dao eg lon hon nang luong cua quy dao gia thuyét
suy bién bac 5: 0,6A.. Trong phtrc bat dién (vi du [Ti(H,0)*] c6 mot dién tir nam trén quy
dao d c6 muc nang lugng thap nhat. Bang thuyét tinh dién don gian thi khong thé xac dinh
dugc rang trong phirc chit nhimg quy dao d lai twong Umg voi nhiing gia tri nang lugng
khac nhau. Do d6 thuyét nay da gia thuyét rang dién tir d can phai c6 mirc ning luong cua
quy dao d suy bién gia thuyét. Su that thi quy dao d roi vao toe €O nang luong nho hon nang
luong quy dao suy bién gia thuyét 0,4A, va do d6 phirc s& bén hon so vo1 phire dya trén co
s& mo hinh tinh dién don gian. C6 thé néi mot cach don gian rang, dién tr d va do do toan
bo phirc ¢6 nang lugng nho 1a do né nam trén quy dao d(ta,) 1a qui doa c6 thé tach xa phdi tir
nhat. Dbi voi phire, gia tri 0,4A, goi 13 ning lwong 6n dinh hoa boi trudng tinh thé. Trong
bang 1 duéi dy, ching toi sé dan ra ning luong On dinh hoéa boi trudng tinh thé d6i véi
nhitng ion kim loai trong phtrc bat dién.

Béang 2.1: Nang luong 6n dinh hoéa boi trudng tinh thé ddi véi nhitng ion kim loai trong
phuc bat dién

S6 dién tir d Nang luong Ning luong 6n
trong ion kim tog Ce 2 . . tag Ce . A
oai on dinh hoa dinh hoa
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Ta nh4n thay ring nang luong 6n dinh hoa béi truong tinh thé ¢6 the tinh mot cach dé
dang bang cach thém vao gia tri 0,4A, cho moi dién tur chiém quy dao t, va gia tri -0,6A,
cho moi dién tr chiém dién tir e,. Nhu vay, nang lugng 6n dinh hoéa boi trudng tinh theé doi
vO1 hé co 5 dién tu d:

Hoic 1a bang: 3*(0,4A,) + 2*(-0,6A.) = 0,0A,

Hoic 1a bang: 5*(0,4A.) + 0*(-0,6A.) = 2,0A,

Nghia 13 phu thudc vao su phan bd 5 dién tir trén quy dao ty, va e,

Thuyét tinh dién don gian coi ion kim loai nhu hat nhan nguyén tir duoc bao quanh boi
dam may dién tir hinh cau. Thuyét trudng tinh thé dé nghi mé hinh tét hon vi thuyét nay da
gia thuyét rang nhiing dién tir d tao thanh dam may dién tur khong phai c6 dang hinh cau do
xu hudng tranh nhing vi tri ma phéi tor da chlem gilr (nhirg dién tir nay tao thanh nhing
dam may dién tu khong ¢6 hinh dang hinh cau bang cach ty sap xép mot cach lya chon vao
nhiing quy dao coé gia tri nang lugng thap, hudng vio gilta nhiing phéi tir). Do d6, thuyét
treong tinh thé da giai thich mot cach hoan toan c6 thé hiéu duogc nguyén nhan vi sao nhiing
tinh toan tinh dién don gian cho ta nhirng gia tri thap hon vé d6 bén cua phirc va nhitng hop
chat ctia nhitng kim loai chuyén tiép.

Thuyét tinh dién don gian di bo qua sy phan bd dién tir khong theo hinh dang hinh ciu
va hau qua phat sinh do hién tuong d6 — ning luong 6n dinh hoa béi truong tinh thé. Mot
trong nhitng diém gy nén su phan déi viéc ing dung thuyét tinh dién don gian cho lién két
trong phurc kim loai la su bat luc cla thuyet nay trong khi giai thich sy tao thanh nhiing
phtic phing vudng. C6 thé ching minh ring néu 4 dién tich 4m dugc gitr xung quanh ion
trung tdm duong chi bang lyc tinh dién, thi nhiing dién tich am phai nam & dinh cua tir dién.
Chi c6 sy phan bd nhu thé, nhitng nhém mang dién am moi nam & khoang cach cyc dai d6i
v6i nhau va chiu lyc tinh dién nho nhat. Didu d6 chi phi hop véi thuc té trong diéu kién,
néu ion trung tm c6 ddi xung cau. Nhung su dbi xtmg d6 khong dién hinh ddi véi nhitng
ion cta kim loai chuyén tiép bai vi dién tr nam trén quy dao c6 nang lugng thap hudng vao
giita nhitng phdi tir va do d6 khong c6 d6i xing cau. Trong phan cudi cua chuong nay,
chung ta s& néu rd, thuyét trudong tinh thé cho phép giai thich su t6n tai nhitng phirc phiang
vudng ciing nhu dy doan tinh khong bén cia mot sé phic bat dién.
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Hinh 2.9: So d6 tach mirc nang lugng boi truong tinh thé nhiing quy dao d cta ion trung
tam trong nhitng phurc d6 do1 xtrng khac nhau. Chi s6 ctia A 1a ki hi€u cho nhiing d61 xtirng
khéc nhau.

Nhu vay,chung ta da nghién ctru xong truong hop tdich mic nang lugng cua truong tinh
thé ddi v4i phirc bat dién, va s& xét nhimg phirc c6 ciu tao hinh hoc loai khac. Pé thuan tién
ta bat dau xét sy tich mirc béi truong tinh thé v&i cdu hinh bat dién va theo ddi xem sy tach
murc s& bién d6i nhu thé nao khi hinh hoc hinh dang bién d6i (hinh 2.9). Khi chuyén tir cAu
hinh bat dién sang cAu hinh phing vudng, hai phdi tir ndo d6 van nam ¢ vi tri d6i dién trong
bat dién bi tach ra.

Néu nhitng phdi tir trén truc z s& & nhitng vi tri nhu thé nao d6 dé khoang cach kim loai-
phéi tir 16n hon mot chiit so véi khoang cach ciia 4 phdi tir trong mit phang xy thi s& thu
duogc cau tao tir giac (hinh 2.10).

Diéu kién d6 cho phép nhimng phdi tir trong mit phang Xy tién gan toi ion trung tam.
Nhing quy dao d tuong g trong mat phang xy sé chiu lyc day ciia cac ph01 tu 16m hon so
v6i luc ddy trong ciu tao bat dién va do d6 ning luong cua nhimg quy dao d, ., va d,, ting
1én (hinh 2.10). Trong khi d6 nhitng quy dao d trong mit phang xy va yz s& chiu luc day nho
hon cua cac phéi tor da tach xa ra theo truc z thém mdt khoang cach nao do. Hién tuong do
dan t6i sy giam twong ddi nang lugng cia quy dao d, va sy giam khong nhiéu nang luong
cua quy dao dy, va dy, so vdi dang bat di¢n.
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Hinh 2.10: Phuc twr dién, nguyén tur trung tam o chinh giita

Chung ta cling quan sat théy hinh anh tuwong tu vé su tach mic ddi véi cau tao chop
vudng, trong d6 mot phdi tir ndm trén truc z con 4 phdi tir con lai va ion trung tdm phan bd
trong mit phang xy. Su tach hoan toan hai phdi tir trén truc z dan tdi sy tao thanh dang

thang vudng kém theo sy ting ning luong cta quy dao d, ., va d. va sy giam ning luong

cua cac quy dao d,_, dy,, d,.

Hinh dung mot cach rd rang sy tach murc nang luong boi truong tinh thé nhitng quy dao
d ddi véi cau tao tir dién s& gap kho khan hon. Trude hét, can tuéng tuong hinh tr dién da
vé trong khéi lap phuong (hinh 2.10) sao cho 4 dinh cua tir dién phan bd vao 4 dinh cua
khéi 1ap phuong. Néu bay gid ta v& cac truc x, y, z sao cho chung di qua trung tam cua khéi
1ap phuong va qua cac trung tim cta 6 mit giéi han thi c6 thé hinh dung vi tri ctia 4 phdi tir
tuong d6i theo cac quy dao d cua ion trung tim. Nhitng quy dao d nam doc theo hé truc
Decartes (d,,., va d,,) cach xa cac phdi tir hon 1a nhitng quy dao phan bé giita cac truc (dyy,
dy, dy,). Do d6 nhitng quy dao e, (d,,,, va d, ) twong Gng voi gia tri ning luong thap,
nhimg quy dao t, (dyy, dys, dy,) duge dic trung bang gia tri ning luong cao hon. Ngudi ta da
phat hién ra rang trong truong hop niy cé hiéu sé nhiing gia tri nang lugng ciia nhiing quy
dao e, va t,, nghia 1 bi tach mirc boi trudng tinh thé ki hiéu 14 A,, chi bang mét nira A,. Do
do, hi¢u trng truong tinh thé tao diéu kién thuan loi cho su tao phtrc bat di¢n hon la cho su
tao phuc tr dién

Ttr tinh cua phirc nhitng kim loai chuyén tiép ciing dugc giai thich my man bang thuyét
truong tinh thé. Nhiing kim loai chuyén tiép c6 cac mirc nang luong phu d maéi chi duogc
dién tu lap day mdt phan, trén nhiing quy dao dé theo dinh luat Hund s€ c¢6 nhiing dién ti
khong ghép d6i. Vi du: ion kim loai ¢6 3 dién tir d (goi 1a hé d*) c6 thé c6 3 dién tir khong
ghép doi ®®@©©, con ion kim loai c6 8 dién tir d c6 thé co 2 dién tir khong ghép
g6i va 3 d6i dien i (DIDIDDD,

Chat c6 nhitng dién tir khong ghép dbi bi tir hut goi 1a chét thuan tir (sirc hit d6 tuong
doi yéu hon so voi nhitng vat li¢u Ferro tir nhu sat), gia tri lyc hut cia tor déi véi mdt chat
xac dinh s6 dién tir khong ghép doi cua no.

C6 thé do d6 thuén tir mot cach twong dbi don gian bang can. Pit mau vao trong dng
treo trén can, roi can trong luong mau khi cé va khi khong cé luc tac dung cua tir truong.



Néu mot chat 1a thuan tir thi trong lugng cua no sé tang 1én khi dat dudi tdc dung hut cua tr
truong. Su tang trong luong 1a s6 do so dién tir khong ghép doi trong hop chat.

Nguoi ta phat hién ring mot sd phirc cua kim chuyén tiép khong tuin theo quy luat
Hund. Vi du mét sb phitc cia Co(III) ¢6 cau hinh dién tir d6 nhu [Co(NH;)e]** khong bi tir
truong hut (nhitng phirc ndy c6 tinh nghich tir). Nhitng phtec, trong d6 mot s dién tir khong
ghép doi cua ion kim loai trong trang thai khi dugc ghép do1 dugc goi 1a nhitng phtrc spin
thap. Phuc ctia Co(III). [CoF4]* thuan tir va co 4 dién tir khong ghép doi. Do 1a vi du cua
phirc spin cao. Trong phuc nay, su phan bd dién tir trong nhitng ion kim loai da tao phirc
tuong ty nhu khi né ¢ trang thai khi. Sy phan bd dién tir cta hai phtic co thé hinh dung nhu
sau:
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Céc phirc ndy c6 nhiéu tén, vi du:
[Co(NH3)s]*" @@@Q@ : Phuc spin thap noi orbital ghép doi
[CoFe]* ®®®®® : Phtrc spin cao ngoai orbital.

Bay gid' can phai hiéu vi sao dién tir trong nhirng hé d6 lai phan b trén orbital d theo
nhimg cach khac nhau. Trudce hét can phai cong nhan, sy phan bd dién tir duoc quyét dinh
boi hai yéu t6. Thir nhét, dién tir c6 xu hudng sap xép nhu thé nao d6 dé c6 thé co 80 dién tur
khong bi ghép doi cyc dai, phu hop voi quy tac Hund. Dé cho dién tir ghép doi can tiéu tén
ning lugng du 16n dé thing luc ddy cua hai dién tir trén cung quy dao. Thir hai, trong trudng
tinh thé nhiing dién tir d c6 xu huéng chiém nhimg quy dao c6 ning luong thép nghia 1a
tranh duoc cang nhiéu cang tot tac dung day ctia phdi tir. Nhu vy, néu d6 bén dat duoc (A)
da 16n dé thang sy mat di caa do bén do sy ghép doi dién tir thi dién tir s& ghép d6i va ta s&
thu dugc phirc loai spin thap. Khi su tich mirc béi trudng tinh thé (A) khong di 16n thi dién
tir giir trang thai khong ghép doi clia minh va phuc spin cao s& xuat hién.

Hinh 2.11 chi cho ta thdy rang gia tri A, cua [CoFs] nho hon gia tri A, ciia [Co(NHs)e]*".
Phurc co gla trj A 16n s& chii yéu 1a phire spin thép.

m@ 9
COF C
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Hinh 2.11: Gi4 trj twong doi vé tach mirc béi trudng tinh thé (A,) ddi voi nhimg quy dao d
cua phuc bat dién spin cao va spin thap ctia Co(I1)

Mot s vi du khéac vé su tich muc boi truong tinh thé va su phan bd dién tir trong phtrc
dugc dan ra trén hinh 2.12. Nhu d3 trinh bay trén ddy, gia tri tich muc bdi trudng tinh thé
quyét dinh viéc cac dién tir d trong ion kim loai ghép doi hay la tuan theo quy luat Hund.
Pai luong nay anh huéng nhiéu dén tinh chat cua kim loai chuyén tiép. Mirc d6 tach mirc
béi truong tinh thé phu thudc vao nhiéu yéu td. Ban chat cua phdi tir gdy nén trudng tinh thé
1a yéu t6 dic biét quan trong. Phi hop vé6i nhitng khai niém tinh dién, nhimg phdi tir c6 dién



tich &m lon va nhiing phdi tir ¢ thé tién gan t&i ion kim loai (nang lugng ion nho) gay nén
su tach mirc 16n nhat. Nhimng ion c6 dién tich khong 16n khi tién gan dén quy dao d lam cho
nhimg quy dao nay khong thuén lgi cho dién tir vé mat nang lugng. Diéu nay dugc khang
dinh bang thuc nghiém qua sy kién: nhiing ion F° ¢6 kich thudc nhé nén gy nén hi¢u ung
truong tinh thé 16n hon so v&i nhitng ion ¢ kich thuéc 16n hon nhu: CI', Br,, I'. Vi su tach
murc boi trudng tinh thé 1a két qua cua twong tac manh cua phdi tir véi cac quy dao hudng
t61 gitra chung nén tach murc 16n chi c6 thé dat duge khi nhitng phdi tr “hoi tu” nhimg dién
tich 4m cua minh 1én quy dao. Ta c6 thé hinh dung dé dang rang phdi tir c6 mot ddi dién tur
tu do (vi du nhu NHs;) c6 kha nang hoi tu 16n hon so véi nhiing phéi ttr c6 2 hodc c¢6 mot sb
do6i dién tur ty do 16n hon (IIT) va (IV)
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Hinh 2.12: Su tach muc boi trudng tinh thé va sy phan bd dién tir theo muc ning luong ddi
vo1 mot s6 phc.
Hai phtic dau tién c6 ciu tao bat dién, nhimg phirc khac (tir trai qua phai) c6 cau tao tir
giac, phang vudng va tir dién (hinh 2.10)
C6 thé sir dung tinh chét néu trén dé giai thich hién trong, nhitng phan tir NH; trung hoa
dién gay nén sy tdch muc cua trudng tinh thé 16n hon trudong hop cua nhitng phan tir nudce
hodc 1a cua nhitng ion halogen mang di¢n tich am.



N6i chung, ta s& thay kha rd khé khan khi str dung mé hinh tinh dién don gian dé giai
thich kha nang gay sy tdch murc cua truong tinh thé cua nhitng phodi tir khac nhau. Nguoi ta
da thay rang, kha nang d6 giam theo trat tu dan ra dudi day:

Trudng phdi tr manh  Truong phdi tir trung binh  Truong phdi tir yéu
CO, CN>Phen>NO,;>en>NH;>NCS>H,0>F>RCO,>OH>CI>Br>I

bé giai thich day do can phai tir bo mo hinh hoan toan chi ¢ tinh chét ion tinh dién dbi
voi lién két trong phtrc va c6ng nhén rang & day tuong tac cong hoa tri cling ton tai. D6 1a 1y
do xuét hién thuyét truong phdi tir.

Bién dang cua thuyét truong tinh thé 13 thuyét truong phdi tir. Theo thuyét nay thi trong
phirc chit con ton tai lién két cong hoa tri, it nhét thi thuyét nay ciing co6 thé giai thich mot
cach dinh tinh gia tri tich muc béi truong tinh thé gay nén boi nhing phéi tir khac nhau.
Nhitng hat nhu CO, CN", Phen va NO, 13 nhiing phdi tir tao nén trudng tinh thé manh nhét,
ching ta c6 kha nang tao lién két JI v&i nguyén tir kim loai trung tAm. Lién két JT ¢6 thé lam
tang manh sy tdch muc boi trudong tinh thé.

Trang thai oxy hoa cua ion kim loai va loai cac di¢n tir d cua n6 cling anh huong dén
muc do tach. Trang thai oxy hoa cao cta ion kim loai gady nén sy tdch muc 16n hon. Phirc
[Co(NH;)s]*" nghich tir va 1a phirc spin thap con phuc [CO[NH3)6]2+ lai thuan tur va la phuc
spin cao. Su tach mirc bdi truong tinh thé trong phirc Co(IIl) gan hai 1an 16n hon so véi
phire cua Co(1I). Diéu d6 dugc giai thich bang su ghép do6i cac dién tir. Gid tri A, 16n dbi voi
Co(III) ¢6 thé giai thich nhu sau: Vi ion kim loai ¢6 thé tich nho hon va dién tich cao hon
nén phdi tir tién gan hon va do dé tuong tac manh hon véi cac dién tr d cau né. Su tach
murc boi trudng tinh thé trong cac phire [Rh(NH:)e]**, [Ir(NH;)6]*", 16n hon so véi phuc
[Co(NH;)6]*". No6i chung su tich mirc & nhitng phtrc ¢6 chira cac dién tir 5d thi 16n hon con
su tach mitc & nhitng phtic c6 chtra cac dién tir 3d thi nho hon. Co thé giai thich sy kién d6
nhu sau: Nhitng quy dao 5d trai dai trong khong gian xa hon va nhu vy tuong tic vdi cac
phéi tir manh hon.

Thanh tiu 16n nhat cua treong tinh thé 13 giai thich thanh cong mau cua nhirng hop chat
ctia kim loai chuyén tiép. Hi¢u s6 ning lugng khong 1én A trong nhitng phuc kim loai
chuyén tiép 13 hau qua cua chuyén dién tir tir mtc nang lugng thap 1én muc ning lugng cao
(gitra nhimg quy dao d khong twong duong: t, va e,) dugc thirc hién nhd su hip thu anh
sang trong thiy. D6 1a nguyén nhan gdy mau cua phuc, vi du dung dich nu6e cua Ti(III)
mau tim, mau duoc giai thich bang pho hép thu ctia phirc [T1(HZO)6]3+ (hinh 2.13). Sy hap
thu anh sang cua phirc trong ving phd trong thiy duoc giai thich bang sy chuyén dién tir
quy dao t, 1én e, (hinh 2.14).
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Hinh 2.13: Pho hép thu cta phie [Ti(H;0)e]*". Dung dich [Ti(H,0)s]* ¢6 mau tim do, vi nd
hap thu cac tia vang cho qua cac tia xanh va doé.

Anh sang
5000A

Hinh 2.14: Su chuyén dién tir d-d gdy nén mau tim cta phtc [Ti(H,0)s]*"
Pho hép thu ctia nhitng phirc c6 s6 dién tir d 16n hon mot phire tap hon vi sé cach chuyén
dién tir nhiéu hon.

Phuong trinh Plank (2.17) lién hé ning luong chuyén dién tir v6i do dai song A ctia 4nh
sang bi hap thu.

rE = —

A (2.17)
h: Hang s6 plank (6,62 erg/gidy).
C: tbc do anh sang (3,00 cm/gidy).



Ning luong duoc do bang erg trén phan tir con A do bang cm. Tir phuong trinh 2.17 ¢6
thé xac dinh duoc hiéu sd nang luong dién tor A dbi vai nhitng quy dao d ma dién tur thirc
hién bi chuyén. Thay nhiing gia tri h, C va sit dung nhimg hé s6 chuyén tuong ung (s6
Avogadro 6,02x10% phan ti/mol) va hing sb Ioule 4,18x107 erg/kcal) thi c6 thé thu duogc
cong thirc (2.18)

2,84%10°
A (2.18)

E =

E: do bang kilocalo/mol va A4, bing A. Nguoi ta dd phat hién cuc dai trong phd hép thu
cta [Ti(H,O)]*" ndm & A = 5000A. Cuc dai d6 tuong tng véi gia tri hiéu ning luong giita
nhimg quy dao t,, va e, khoang 57 kilocalo/mol 1a dai lugng béac nhat voi ning luong lién
két. Mic du rang, dai luong d6 nho khong déng ke so vo1 nhiét hydrate hoa cua Ti*"
(phuong trinh 2.19) 1a 1027 Kcal/mol, dai lugng nay rat quan trong va can thiét dé hiéu hoa
hoc cua cac kim loai chuyén tiép.

Ti**(trang thai khi)+H,O - [Ti(H,O)s]**(trong dung dich nuéc)+1027Kcal/mol  (2.19)

Co s¢ ion cua thuyét truong tinh thé da cho ta mo hinh don gian dé giai thich nhiéu tinh
chat ctia kim loai chuyén tiép, ciu tao, do bén, phd hap thu ctia phirc. Nhung cin nhan xet
rang mo hinh ion don gian cua thuyét truong tinh thé khong cho mot khai niém o rang vé
lién két trong nhitng hop chat ciia kim loai chuyén tiép. Mt khac, trong khi nghién ctru
phirc chat, nguoi ta da thu duoc nhiéu bang chimg thirc nghiém khang dinh vai tro cia ca
hai loai lién két: lién két ion va lién két cong héa tri. Thuyét phan anh trung thanh ca hai dic
tinh 4y trong lién két cia phirc 13 thuyét quy dao phén tir.

IL6.THUYET QUI PAO PHAN TU (MO)

Thuyét quy dao phan tir cang ngdy cang phd bién ddi voi cac nha hoa hoc. Thuyét nay
chu y t6i ca dac tinh cong hoa tri ca dédc tinh ion cua lién két hoa hoc mic du khong néu 1én
nhiing diém nay. Phuong phap MO xem xét sy phan b dién tir trong phan tir gidng nhu 1y
thuyét hién dai giai thich sy phan b dién tir trong nguyén tir. Trude tién 13 vi tri ciia cac hat
nhan trong nguyén tir va cua cac quy dao quay quang chung duoc xem nhu la xac dinh,
nhirg quy dao phan tir nay (MO) phan b trong nhirg ving c6 xac sudt tim thdy dién tu
16n nhét trong khong gian. Thay thé cho sy phan bd ctia mot nguyén tir nhimg quy dao phan
tlr ndy trai ra trén toan phéan tir hodc 13 trén mot phan ctia nd. Dudi day chi din ra nhing tinh
toan dang quy dao phén tir cho trudng hop nhiing phan tir don gian nhat.

Vi sy tinh toan dya trén co s¢ nhitng nguyén tic chung gap nhiéu kho khin nén nguoi ta
thuong str dung phuong phap tinh gan ding t6 hop tuyén tinh nhitng quy dao nguyén tir
(LIKAO). Tat nhién 13, MO cua phan tir cAn phai 1am cho ngudi ta nhé lai nhiing quy dao
nguyén tir ma tir 46 phan tr duoc xay dung lén. Xuat phat tir nhitng dang da biét cua quy
dao nguyén tir c6 thé so bo hinh dung cac dang MO dic trung.

T hop tuyén tinh cong va trir hai quy dao s cho hai quy dao phan tir dwgc mo ta trong
hinh 2.15. Mt quy dao phan tir xuat hién do sy cong nhimg phin xen phu cua quy dao
nguyén tr. Con mot quy dao khac xuat hién do su trir cac ving xen pha cia AO. Quy dao
phan tir thu dugc do su cong ving xen phu cia hai quy dao s chiém ving khong gian giira
hai hat nhan, quy dao nay duoc goi 1a quy dao phan tir lién két. Nang lugng tuong tng véi
quy dao phan tir nay thip hon ning luong ciia mdi quy dao nguyén tir s tao thanh né. Quy
dao phan tir thu dugc bang cach trir nhitg ving xen phi ciia quy dao nguyén tir khong
chiém ving khong gian chira nhitng hat nhan, ¢6 nang luong cao hon ning lugng ctia nhiing
quy dao nguyén tir khoi dau dugc goi 1a quy dao phan tir phan lién két. Hiéu nang luong cua



nhimg quy dao phan tir phan lién két va lién két c6 thé tinh duoc néu chi y rang dién tir cla
quy dao lién két nam dudi tac dung cua ca hai hat nhan con dién tir cia quy dao phan tir
phan lién két thi chi chiu tac dung cta 1 hat nhan.

Troexenphu
(a)(B)
Quy dao ¢* phan lién két

@@ —» (afB)

Cong xen phu ‘
Quy dao o lién két
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Trr xen phu
Quy dao o * phan lién

1.2«

A T TE -k CACTG HC )

P Cong xen phu -O
Quy dao o lién két
\ f\ /)
Trir xen pha \ \ /
A B
{ / \\
TS

\ /
/A =B Quy dao = lién két

Hinh 2.15: Sy tao thanh quy dao phan tir theo phuong phap JIKAO

T6 hop nhitg quy dao nguyén tir s cho quy dao phan tir 6 (sigma). T6 hop nhitng quy
dao nguyén tir p nhu da chi 1 trén hinh 2.15, ¢ thé cho hodc 1a quy dao phan tir ¢ hoic 13
quy dao phan tir m. Trong trudng hop quy dao phan tir JI mit phing qua hai nhan c6 xéac
xuat dién tir tim thiy bang khong. Dién tir trong quy dao phén tir « chi nam & trén hodc duéi
truc lién két.

DPé minh hoa viéc str dung MO, c6 thé xem biéu d6 nang lugng MO v61 mat ) phan tir
don gian Biéu do nang luong phan tir H, dugce néu 1én & hinh 2.16. Trong nhitng nguyén tir
Hydro riéng biét, moi quy dao nguyeén tir chi c6 mot dién tir. Trong phan tir H ca hai dién tir
cing nam trén quy dao phan tir lién két c6 ning luong thap Phan tr H, bén hon nhiing
nguyén tir hydro tu do béi vi ca hai dién tir trong phan tir déu ndm trén quy dao c6 ning
luong thap. Hi€u nang lugng gilra nhimg quy dao nguyén tir va quy dao phén tur lién két phu
thudc vao van dé 1a nhitng quy dao nguyén tir trong phan tir xen phu 1én nhau nhiéu hay it.
Xen pht nhiéu gdy khac nhau lon vé€ nang lugng va do do lién két nhau chit, xen phu it thi
su khac nhau vé nang luong nhod va trong trudng hop nay phan tur sé€ c6 gia tri nang luong
chi nhé hon mdt chit so véi nhitng nguyén tir riéng biét.
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Hinh 2.16: Biéu d6 muc niang lugng quy dao phan tir cia phan tir H2

Nang luong
[
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Hinh 2.17: Biéu d6 muc ning luong quy dao phén tir ctia ion diheli.

Ion He*" (ion diheli) 1 hé ba dién tir, biéu dd muc ning luong cua nhitng quy dao phan
tir cia né duoc néu 1én ¢ hinh 2.17. Vi trén mot quy dao chi ¢ thé dung nap 2 dién tir nén
dién tir thr ba phai di vao quy dao phan tir phan lién két o*, quy dao nay twong mg véi
nang luong cao hon nang luong quy dao nguyén tir ctia nhitng nguyén tir Heli riéng biét.
Nhu vy, su nap dién tir vao quy dao phén tir 6* dugc dic trung bang sy mét di ning luong



va do d6 hé tao thanh kém bén hon. Diéu d6 phu hop véi nhitng quan sat thyc nghiém.
Nang lugng lién két ciia He®" chi bang 5 Kcal/mol trong khi d6 nang lugng lién ket cua phan
tir He, 1a 103 Kcal/mol. Phan tr He, c6 4 di¢n tir khong bén hon so vdi 2 nguyén tir Heli tu
do.

Biéu d6 muc ning luong MO trong truong hop tong quat d6i v6i phan tir AB duoc dién
ta trong hinh 2.18. Dbi véi phén tr nay co thé c6 mot s6 vo han MO c6 ning luong cao
cling nhu nguyén tir A va B ¢6 thé c6 mét s vo han quy dao nguyén tir c6 ning luong cao,
nhung diéu dang chu ¥ 13 nhitng qui dao c¢6 ning luong thap, trén d6 c6 dién tir. Néu nhu c6
hai loai nguyén tir khac nhau thi ndng lugng quy dao nguyén tir cling khac nhau (vi du: ndng
lugng twong ing voi nhitng quy dao 1s cua nhitng nguyén tir A va B 1a khac nhau). Quy dao
nguyén tr & nhitng nguyén tir Am dién hon c¢6 nang luong thap hon. Sy khac nhau vé ning
luong ciia nhitng quy dao nguyén tir ctia hai nguyén td (hinh 2.18 nhitng dai luong b va d) 1a
thudc do mirc d6 ion cua lién két. Trong phan tr H,, nhitng quy dao ls cta hai nguyén tu
hydro tuwong tng véi cing mot gia tri nang lugng va do d6 lién két khong c6 dic tinh ion.
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Hinh 2.18: Biéu d6 murc ning lugng quy dao phan tir ciia phan tir AB.

Su khac nhau 16n vé ning luong cua hai quy dao nguyén tir t6 hop thanh quy dao phan
tr duoc dic trung bang tinh ion cao cua lién két. Trong phan tir AB, ning lugng quy dao
phan tr o, gén voi nang luong cua quy dao 1s cua nguyén tur B. Diéu d6 co nghia la quy dao
phan tir 6, gidng quy dao s ciia B nhiéu hon so v&i quy dao 1s cia A. Néu mdi nguyén tir A
va B déu dua ra mot dién tir dé tao thanh quy dao phan tir thi s& dan t6i su chuyén dién tich
tir nguyén tir A dén nguyén ttr B boi vi gia tri ning luong cua o, gin véi gia tri nang lugng
ciia quy dao nguyén tir B hon 13 ctia A. Nhung dai luong a va ¢ con duoc rat dang cha y
trong mot mdi quan hé khac, ching phu thudc vao mirc 6 xen phil nhimg quy dao nguyén
tor cia A va B va la mirc d0 cong hoa tri cua lién két. Trén hinh 2.18: a < ¢ va nhu vay co
nghia 1a mirc d0 xen phu nhitng quy dao cua cac nguyén tir A va B trong khong gian khong
16m trong trudng hop 1s, con trong trudong hop ctiia nhiing quy dao 2s thi 16n hon vi ching
trai dai ra xa hat nhan hon. Gié tri nang lugng thoat ra khi tao thanh lién két A-B phu thudc
vao sb dién tir va ning luong dién tr ctia cac nguyén td A va B tham gia vao su tao thanh
phan tir. Bang 2.2 minh hoa nhiing diéu trinh bay trén.

Bang 2.2: Nang lugng thoat ra khi tao thanh phén tor AB



Dién tir cua A tham gia Dién tir cia A tham gia | Nang luong thoat ra khi tao thanh
vao lién két vao lién két phan tir AB
Is' 0 atb
0 Is' A

Is' Is' 2a+b
1s’ 0 2a+b
1s’ 1s’ 0
1s°2s' 1s’ ct+d
1s? 15°2s' C
1s? 1s°2¢° 2¢
15725 1s72¢* C
1s°2¢> 1s%2¢> 0

Biéu d6 mirc ning luong quy dao phan tir d6i voi phirc kim loai twong dbi phirc tap hon
so véi nhing phan tir hai nguyén tir don gian. Nhung cudi cing dua trén biéu d6 ning luong
quy dao phan tir cling c6 thé phat hién kha tét nhitng dic diém da biét cua phirc, vi du:
[Co(NH;)s]*" va [CoFs]” (hinh 2.19). Phia bén trai mo ta nhitng quy dao nguyén tir 3d, 4s va
4p cua Co*. Nhitng quy dao nguyén tir c6 ning luong cao hon hoidc thip hon chung ta
khong can cht ¥ t6i. Khi cong hop 6 phdi tir thi chi cAn bén phai cta biéu dd 1a khac mot
chut so v6i nhitng biéu dd da trinh bay trén. O ddy chi néu 1én mdt muc ning lugng tham
gia vao su tao thanh lién két o (d6i khi ngudi ta sir dung biéu d6 ning lugng phuc tap hon).
Vi 6 phdi tir ddng nhat nén mirc nang lugng d6 twong g véi nang luong quy dao cua moi
phéi tir,

Nang lugng quy dao cua phdi tir n6i chung thap hon ning luong cia kim loai va vi vay
lién két co dic tinh ion den mét mirc d6 nao do. Do nhiing quy dao phan tir lién két giéng
quy dao phoi tir hon 1a glong quy dao kim loai va su chuyén dién tir cia kim loai vao nhiing
quy dao phan tir Ay din dén sy chuyén dién tich tir ion kim loai dén phdi ttr. Hai quy dao d
(quy dao e, d,,,, va d, ), qu¥ dao 4s va 3 quy dao p hudng doc theo céc truc x, y va z trén
d6 phan bd phdi tir. Do su xen phu quy dao kim loai va phdi tr dan dén su tao thanh 6 quy
dao phan tir lién két va 6 quy dao phan tir phan lién két: 6,(1), 6,(3), 0u(2), 64*(2), o.*(1),
0,*(3). Nhitng quy dao t (dyy, dx,, dy,) khong hudng t6i quy dao cua ph01 tor va do d6 khong
tham gia vao sy tao thanh lién két 6. Nang luong cua chiing khong bién dbi va chung duoc
goi 1 nhitng quy dao khong lién két.
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Hinh 2.19: Biéu d6 murc ning luong quy dao phan tir cuia phirc spin cao [CoFs]* va phirc
spin thap [Co(NH;)s]*".



Nhiing dién tir cia Co(OH) va phan tir nam trén quy dao phan tir cua phie thi chung lap
day 6 quy dao lién ket phan ttr, tuong tng v6i 6 lién két kim loai phdi tir. Nhitng dién ttr con
lai phan b trong s6 nhitng quy dao phan tir khong lién két (quy dao ty,) va quy dao phan tur

o¢* (phan lién két). Quy dao phan tir og* la két qua twong tac nhitng quy dao dx.- -y2 va dz
ctia kim loai v&i nhitg quy dao ctia phdi tir nhung vi nhitng quy dao phén tir 64* gan vé gia

tri nang luong véi nhung quy dao d, ., va d, cua kim loai, chiing khac nhau khong dang

ké. Do d6, su phan bd nhitng dién tir du trén cac quy dao phan tir tse Va trong sy phan bd
dién tir cia mo hinh truong tinh thé da néu lén trudc ddy cang voi sé dién tir phan bo giira
nhirng quy dao t,, va e,.

Néu su khac nhau vé ning luong A giira nhitng quy dao t,, khong lién két va nhiing quy
dao phan tr 64* it, thi qui luat Hund dugc thyc hién. Phirc [C0F6]3’ hoan toan gidng trudng
hop nay, nhiing dién tir d phan b theo cac quy dao ty, o4* Hai dién tir nam trén quy dao
o4* lam giam s6 dién tur trén quy dao lién két 64 va do do lam yéu lién két Co—F. Néu A 16n
nhu & [Co(NH;)s*] tat ca cac dién tir c6 xu thé chiém quy dao ta,. Nguyén nhén cua sy phan
b nang luong gitra nhitng quy dao t,, va o.* hodc 1a e, theo hai thuyét 1a khac nhau. Theo
thuyet truong tinh thé thi su tach murc nang lugng la hau qua cua tac dung day tinh dién cua
phéi tir d6i voi nhitng dién tir d. Ly thuyét quy dao phan tir thi chu yéu lai qui sy tach murc
cho sy tao thanh lién két cong hoéa tri. Nhitng quy dao e, cua kim loai va quy dao cta phdi
tir xen phu 1én nhau cang nhiéu thi ning luong cta nhitng quy dao 64* cang cao.

Ly thuyét quy dao phan tir ¢ thé giai thich anh huéng cia lién két n dén do bén cua
phirc kim loai va dén gia tri tich mic cia truong tinh thé giy nén bdi nhiing loai tinh thé
khac nhau. Vi sy giai thich dinh luong twong ddi phirc tap nén & day chi dua ra sy giai thich
dinh tinh. Trén day da néu lén réng, luc tuong tac cong hoda tri phu thuoc vao mac do xen
phu nhitng quy dao nguyén tir cia 2 nguyén tir lién két. Trong cac vi du trudc ta méi chi
nghién ctru su xen phu o. Trong [Fe(CN)e]* va trong phan 16n nhimg phirc khac c6 dong
thoi ca lién két o va lién két m (hinh 2.20). Trong lién két o phdi tir str dung nhu 13 mot baz
Lewis va dua d6i dién tir cia minh vao quy dao trong e, (¢ hinh 2.20, d, .. ) dé dung chung.
Trong lién két 7 ion CN™ xir sy nhu 1a mét acid Lewis va nhén dién tir tir nhirg quy dao toe
da hoan thanh cta kim loai (trén hinh 2.21, tir quy dao dy,). Sy c6 mat cua lién két m cling
nhu cta lién két o lam ting lién két kim loai—phdi tir va 1am cho ion [Fe(CN)G]4 bén mot
cach dac biét. Trong nhiing ion chira oxy nhu MnOy’ lién két 6 va & ciling rat quan trong.
Trong trudng hop nay phéi tir (oxy) dua dién tir dé tao lién két m.

C6 thé giai thich hiéu (mg truong tinh thé 16n tao béi nhitng phdi tir nhur CN, CO va céc
phdi ttr khac tao lién két m cling bang con dudng nhu vay. Nhitng quy dao t,, cta kim loai
trong phuc bat dién huéng thiang theo nhitng lién két « (hinh 2.20). Nhu di nhén xét trude
day, nhimg quy dao t, hudng to1 gita nhing phéi tir va do d6 khong co thé tao lién két o.
Trong lién két T v&i cac phdi tir loai CN nhitng dién tir to, mot phan chuyén téi cac phdi ti.
Qua trinh d6 (twong tac lién két) ha thip ning luong nhitng quy dao t,. Trén hinh 2.7 15
rang rang qua trinh ha thap ning luong nhimg quy dao t,, phai 1am ting A,.

Tat ca nhitng diéu trinh bay trén day chi 13 phuong phap don gian cta thuyét quy dao
phan tr. Phuong phap nay chi minh hoa dugc mot s6 luan diém co ban va sy ich loi cia
thuyét nay. Ly thuyét quy dao phan tir rat co hiéu qua dé tinh toan, su dong gop ion va cong
hoa tri vao lién két kim loai—phdi tir.

Cubi cung ta hinh dung mot cach rd rang rang ca 3 thuyét trong nhirng trudng hop tot
nhit ciing chi dugc mot gan dang ma théi. Ca 3 thuyét trén déu co thé giai thich mot cach
dinh tinh nhiéu dic tinh cua phirc kim loai. Hién nay ca 3 thuyét déu duoc str dung, hodc 1a
thuyét nay hodc 1a thuyét khac co thé thuan loi d6i v6i mot truong hop nao d6. Thuyét quy



dao phan tir 1a linh hoat nhét va c6 thé 1a gan dung véi sy that nhat. bang tiéc ly thuyét nay
1a phtrc tap nhét va khong thuan loi cho mot khai niém 6 rang, cu thé vé mat hoa hoc dbi
v6i nhitng nguyén tir lién két.

L Q2L
i 0@s

Lién két 6 Fe-CN Lién két n Fe-CN
Hinh 2.20: Lién két 7 va lién két @ trong phtic [Fe(CN)s]*.

Lién két n duogc tao thanh nho su dung quy dao d da day du dién tir cua ion Fe*' va quy
dao m” phan lién két dang con trong cua CN” (xem 7* trén hinh 2.15).

I1.7.HINH DANG HINH HQC CUA CAC HQP CHAT PHOI TRi

Nguoi ta d3 xac nhan rang phirc kim loai ¢ cdu tric rat 1a khac nhau. Phuc cia Ag
thuong 13 thang hang, phirc cua Be thuong 13 tir dién. Sit tao cac hop chit carbonyl c6 ciu
trac tam giac ludng chop, phirc cuia Co(IlI) thi luén ludn 1a bat dién con ta ph01 tri quanh
minh 8 nguyén tr F (hinh 2.21). Méc du rang phuc kim loai ¢6 cdu tric va sb phbi tri rat
khac nhau nhung nguoi ta van thuong hay gap so ph01 tri la 4 hodc 6, chung thuong tuong
g v6i dang tir dién va phing vudng (d6i véi sb phdi tri 1a 4) va bat dién (ddi véi sb phdi
tri 1a 6). Khi nghién ctru phtrc kim loai ta s& thdy rd rang vi sao dang bat dién 1a thuong gip
nhat.

Thuyét “luc day cua dbi dién tir hoa tri” cho ta hinh anh gan dung va rét co loi dé du
doan c4u hinh nhitng hop chit clia nguyén tir trung tdm c6 s6 phoi tri da biét.

Hé qua rat ra tir thuyét nay 13 két luan: Nhirng phtic c6 sb phdi tri 13 4 va 6 chu yéu co
hinh dang t&r dién va bat dién. Nhiing phirc ciia kim loai chuyén tiép doi khi khong tuan theo
quy luat ay vi chiing c6 nhing dién tir d. Thuyét truong tinh thé cho ta sy giai thich don
gian nhat vé anh hudéng c6 thé c6 ciia nhitng dién tir d dén cau trac clia phuc.



Thing hang

Hinh 2.21: Nhitng hop chat minh hoa mét sé cau hinh ctia phire kim loai.

Ly thuyét nay khing dinh ring nhirng quy dao d c6 dang hinh hoc va hudng trong khong
gian dic biét dong thoi nhitng dién tir d nam trén nhitng quy dao xa hat nhan nhat. Nhimng
dién tir d trong nhing phirc chat c6 s6 phdi tri 13 6 va 4 giy nén sy méo mo hinh dang bat
dién va tir dién. Su méo mo cdu hinh 13 do phdi tir tranh nhitng vi tri ma nhiing dién tir d da
chiém ¢ xung quanh ion kim loai. Vi du trong phirc [Ti(H,O)e]**, xung quanh ion Ti** ¢6 6
phan tir nu6c do d6 hy vong rang phdi tir s&é phan b theo hinh bat dién.

Nhung can phai nghién ctru anh huéng ciia nhitng dién tir d cta kim loai dén ciu tric
ctia phire. Néu nhu trén mirc phu d ngoai c6 khong, nim (khong ghép d6i) hodc 1a 10 dién
tir d thi nhirng dién tir nay khéng gy nén sy méo mé cdu hinh. Mirc phu d di hoan thanh 10
dién tir, thi c6 su dbi xtmg dién tir hinh cau. Nhitng hat tich dién (vi du phdi tir) ndm trén
mat cau d6 ¢6 ion kim loai & trung tam s€ chiu tac dung cua lyc tinh dién déng nhit, khong
phu thugc vao vi tri cta hat trén mat cau. Néu trén 5 quy dao d c6 mot dién tir thi ion kim
loai ciing c6 di xing cau. Nhu vay, trong nhing truong hop nay, nhitng dién d s& khong
anh huong gi dén vi tri cua phdi tu.

Phirc [Ti(H,O)s]*" ¢6 mot doi dién tu, dién tur nay s& day nhiing ph01 tr & gan no. Theo
thuyét truong thi dién tr ndy nam trén quy dao t», c6 nang luong thap va trai dai ra giira
nhitng phan tir H,O. Boi vi dién tir nam trén quy dao dyy nén s& co sy thay d6i ctia cu hinh
bat dién da dy doan. Vi quy dao d,, ndm gin 4 phdi tir trong mit phing xy nén nhirng phdi
tr nay s€ tach xa ion kim loai hon 4 phéi tir kia. Hiéu Gmg ciing xay ra twong ty néu dién tir
nam trén cac quy dao d,, hay d,, .

Vi nhitng quy dao t,, huéng t6i giira nhitng phdi tr nén anh huong cua dién tur niam trén
moét trong cac quy dao do s€ kha nho. Sy that khong c6 nhiing bang chimg thuc nghiém vé
su thay doi tr gidc cau hinh cta phtrc [Ti(H20)s]’" hodc 1a hé d khéc. Trong nhiing phirc bat



dién chira 2 hay 3 dién tir , ching chlem cac quy dao t,, trai dai gitta nhitng ph01 tu. Mat du
c6 thé hy vong su thay d01 it nhidu cdu hinh cua hé d* bat dién nhung mot 1an nira diéu do
khong dugc xdc nhén bang dir kién thuc nghiém. Trong phuc d* bat di¢n nhu [Cr(H.0)]™
trén mdi quy dao ty, co mot di¢n tur. D01 v6i céc orbital d, moi mot ph01 tir trong s0 6 phoi tir
phan bé theo hinh bat dién, sé nam gan 2 dién tir d va do d6 chiu lyc day. Trong trudng hop
nay khong nén chd doi mot sy thay ddi cdu hinh nao ca va diéu d6 ciing khong dugc phat
hién béng thuc nghiém.

Phirc [Cr(H,O)e]* 12 hé d* spin cao, ba dién tir dau tién roi vao nhimng quy dao t,, va
khong gy nén su thay doi cdu hinh bét dién. Dién tir thir 4 roi vao mot trong nhiing quy dao
e, hudng toi phdi tr. Néu dién tir ndm trén quy dao d, ., thi nd bi 4 phdi tir trén mit phang
xy day. Su that, nguoi ta da thay rang nhiing phtic kim loai d* c¢6 sb phéi tri 1a 6 ¢6 cau tao
thay dbi trong tit ca moi truong hop di duoc nghién ctru. Vi du trong phtre MnFs , mdi
nguyen tir Mn(II) duoc bao quanh boi 6 ion F, phan bd nhu thé nao d6 dé cho 4 phdi tir
trong s6 d6 gan voi ion Mn** hon 2 phéi tir khac ( hinh 2.22).

Bay gio can nghién cuu su thay ddi cAu hinh bat dién do sy cé mat caa 0, 1,2, 3, 4, 5
(khong ghép doi) va 10 dién tir gy nén. Nhirng hé spin cao d°, d’, d® va d’ twong tu nhu hé
d', @, & va d* tuong tng (nam dién ttr dau tién cho ddm may dién tir ddi xtmg ciu, nhiing
dién tur con lai gdy nén sy méo mo). O nhitng phtc d° c6 s6 phdi tri 1a 6 thi sy thay ddi t
giac cau hinh c6 thé nhan thdy giéng nhu ¢ nhitng phtrc d*. Nhing phtre cua Cu (II) thuong
dugc ldy 1am vi du. Trong phirc [Cu(NHs)]>, xdy ra su thay doi tir gidc manh dén 1a thu
dugc phirc phang vuong.
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Hinh 2.22: Vi du hi¢u trng phtrc An Telep

Nhung cin nhan xét rang nhimg phén tir dung méi trong dung dich phirc loai chlem cac
vi tri 6 dudi va ¢ trén mat phing. Chung nam xa ion kim loai hon nhirng nhém nim trén
mit phang. Sy thay ddi cau trac ddi xing 13 hé qua cua su 1ip ddy timg phan nhitng mirc
nang lugng dién tr (trong nhitng truong hop nay la mirc phu d) dugc goi 1a hi¢u ing An
Telep.

Cung can thiét phai xét su thay d6i céu hinh bat dién dugc quan sat théy ¢ nhitng dang
spin thap Nhiing hé d° spin thap twong tu nhu nhitng hé d’, 6 dién tur lap day nhitng quy dao
t, .Vi mdi mot trong s 6 phdi tir déu nim gan truc tlep 2 trong sb nhimg quy dao do nén sy
thay doi khong xay ra va ngudi ta quan sat thiy cau hinh bat dién déu din. Nhimg phuc d®
spin thap tuong ty nhu nhimg hé d*. Hai dién tir cudi cliing roi vao mot quy dao e, va tac
dung manh véi nhimg phdi tr huéng vé phia quy dao ndy. Su thay doi dé nhan thay 1a
truong hop khi hai phdi tir bi tach xa ion trung tim twong d6i nhiéu so voi 4 phdi tir khéc.
Sy that 13, hau nhu tit ca nhitng phtrc d* spin thip, khong c6 su ngoai 1 nao déu phing
ludn. Sy thay doi nhitng phirc bat dién gy nén bdi nhimg dién tir d duoc néu 1én trong bang
2.3.



Nhu vay, ching ta da thay sy thay d6i cau trac bat dién do nhimg dién tr d gy nén,
nhimng phtc kim loai ¢ thé c6 cu trac tir dién nhung né it phd bién hon phirc bat dién va
nhimg dang bat dién thay doi. Néu ion kim loai bi vy quanh bdi 4 phdi tir thi co thé hy
vong cau hinh tir dién. Nhiing dién tir d c6 thé gay nén sy thay doi tur dién.

Bang 2.3: Su thay ddi c4u hinh bat dién do nhiing dién tir d giy nén.

He Céu tric du dodn Ghi chtt
Spin cao
d', d° Thay dbi tir gic Khong quan sat thiy
&, d Thay dbi tir gic Khong quan sat thiy
&, d* Khong thay doi Khang dinh bang thyc nghiém
d*, d® | Thay doi tir gidc manh | Khang dinh bang thuc nghiém
d*,d"° Khéng thay dbi Khing dinh bing thuc nghiém
Spin thap
d° Khong thay doi Khang dinh bang thuc nghiém
d’ Thay d6i tir giac manh | Phuc duéi dang vudng phang

Can nhan xét 2 ngoai 1¢, nhu da théy tr 2 vi du trén day, nhitng phtrc d* spin thép, phéi
tir 4 1a phirc phang vudng ciing nhu nhitng phirc phdi tir 4 d° va d' spin cao. Nhiing phuc
kim loai chira 0, 5 va 10 dién tir khong ghép doi khong gay nén su thay d6i dang ké nhu da
nhan thdy trudc ddy. Trong phirc bat dién, nhitng dién tir trén nhiing quy dao hudng toi
nhing phéi tir khong giy nén sy thay doi dang ké. Nhu vay, nhiing phuc t dién d', d2, d°, d’
c6 18 12 b thay doi. Trong nhitng hé t&r dién &, d*, d°, d° hiéu tmg An Telep thé hién kha rd
rang. Nhung nhimng vi du ctia cac hop chét loai d6 c6 rét it. Nhitng phire t dién spin thap
khéng can phai ban ludn gi t6i, vi nhitg vi du vé nhitng phitrc chat loai nay khong co 18 su
tach muc boi trudng tinh thé (A,) trong phirc tir dién qua nho khong du 1am cho nhiing dién
tor ghép doi.

Mit du rang du doan héa tap thé ion phirc ciia ion trung tim vai sd phdi tir da biét 1a kha
chinh x4c, nhung du doan s6 phdi tri clia ion trung tim 1 twong doi kho khan. Sy hut tinh
dién cua nhitng dién tich 4m cta phdi tr (hay 1a cia nhimg phén tr phan cyc) dbi véi ion
kim loai tich dién dwong la nguyén nhan gay sO ph01 tri cao. Ly thuyét lién két hoa tri tién
doan rang: s6 16n lién ket gilra nhitng nguyén tu dan t6i d6 bén lon cua hop chat tao thanh.
Xu huéng tao phuc co s6 ph01 tri cao mau thuan vo1 nhiing yéu t6 tap thé va voi sy day
nhau tinh dién gitta nhing ph01 tir (hodc 13 qui tac Pauli). Can nhdn xét rang nhing kim loai
chuyén tlep thuong c6 sb phdi tri 1a 6. S6 phdi tri 4 dugce quan sat thiy cha yéu ¢ nhing
phtrc chit cta nhitng anion twong ddi 16n nhu CI, Br, I va O, hodc 1a cta nhitng phan t
trung hoa c6 thé tich 16n. Nhimg kim loai chuyén tiép ddy tha 2, thir 3 ciing ¢ s6 phdi tri
cao, vi du la 8.

I1.8.CUONG PO TRUONG PHOI TU

Ning luong dé day electron trong phtrc kim loai chuyén qtié'p tir obitan t,, dén obitan e,
thuong trong vung kha kién. Sy hap thy song buc xa c6 theé lam cho nhting electron dich
chuyén. Pho hap thy 1a két qua cua nhitng nang luong day nay.



Cuong do cua phdi tr duge suy ra tir sy do pho cua su tach obitan va chung duoc sap
x€p nhu sau:

I < Br < SCN < Ce <NO; < F <NO;, ~ OH < HCOO" < C,04 < H,0 < -NCS
<CH»(NH,)COOH < EDTA* <Pyridin ~ NH; < Ethylenediamine ~ diethylenetriamine <
triethylenetetramine < dipyridyl< CN".

I1.9.CAU TRUC PHAN TU VA PQ TAN

Mot trong nhiing yeu t6 nén dugc chi ¥ khi chon thude thir hoa hiru co trong phuong
phap tric quang, chuan d6 va két ta 13 do tan. Do tan ctia mot phan tir trong nude 1a c6 mdi
lién h¢ vo1 sy phan cuc cua cac phan tir. MGt phan tor chra cac nhom —OH; —SO;H; —
COOH...rat phan cyc, tan nhiéu trong nudc. Mot phan tir chira nhom béo hodc da nhan thi
tan it trong nudc, nhung tan tot trong dung moi khong phan cuc.

Trong phuong phéap trong luong, sy két tia c6 mdi quan hé véi do tan trong nudc.
Nhitng chit két tua 1a nhitng chét it tan trong nuéc. Trong dung mdi chiét, nhing chat chiét
nén tan it trong nudc nhung tan nhiéu trong dung méi hitu co. Do tan cta thude thir hiru co
rat quan trong trong thudc thir phan tich. Pic trung cua phan tng cua thudc thir hitu co
trong phan tich phu thudc 16n vao sy c6 mit ciia cac nhom chirc va cau tric chinh ctia phan
tir. Dé diéu ché nhirng hop chét vé6i sy chinh sira cau trac dé cai thién dic trung cua thudce
thir, bang cach lam ting d6 tan cua chung trong nuéc hay trong dung méi hitu co hodc lam
giam do tan cua san pham phan tng.

Khi mot chat tan trong nudc dugc lac v&i mot dung moi hiru co khong tron lan, & d6 co
su canh tranh gitra hai dung mo6i. Mot chat phan cuc thi tan trong dung moi phan cuc, chat
khong phén cyec thi tan trong dung moi khong phan cuc.

Mot thi du vé su chinh stra cdu tric phan tir ¢6 thé tim ra su Gmg dung cta salinaldehyde
nhu 1a thudc thir cua hydrazin.

Vi tri cua nhom —OH so v6i cac nhom nhu 1a =CO, -NO,; -N=N—, nhiing nhém nay tao
lién két cho nhan vé&i nguyén tir hydro trong nhom OH, anh hudng dén do tan. Nhitng hop
chét chra nhém —OH & vi tri octo thi tan yéu trong nuéc so v6i cac dong phin meta hoic
para. O vi tri octo ¢ thé do nguyén nhan hinh thanh phtrc chelate thong qua lién két hydro.

Do tan ctia mot chét trong nudc ludn ludn giam khi thay nguyén tir oxi bang nguyén tir
luu huynh trong phan tir, do kha nang tao li€n két voi nudc cua nguyén tur luu huynh yéu
hon nguyén tr oxi.

Nguyén t N trong nhom amine la mot trung tdm hoat dong tao dugc lién két véi nude.
Thong qua sy proton hoa, nhitng hop chat thé amoni duoc hinh thanh tr nhirng amine.
Chung phén cyuc rat manh va tan tot trong nude. Sy proton héa ciing ¢ thé 1am giam kha
nang tan trong nude ciia chat hitu co. Mot vai chat mang nhém —COOH trong méi trudng
acid manh thi tan yéu hon trong méi truong acid yéu.

Trong moi truong trung tinh hodc acid, phenol tip trung chil yéu & pha hitu co sau khi
dugc lac véi nude. Tuy nhién, trong dung dich baz manh thi phenol chuyén vé dang ion
phenolat mang dién tich am va két qua 1a né duoc chiét tir pha hitu co vao pha nuéec.

Kha ning tan trong nudc ctia hop chat hiru co phy thudc phan 16n vao kha nang phdi tri
v6i phan tir nuée. Su hydrate hoa nhitng hop chét co khdi lugng phan tir 16n nhin chung
khong thay ddi do tan cua chiing so voi nhimg hop chat c6 khéi luong phan tir bé. Khi thay
thé nhém methyl trong dimethylglyoxim bang hai nhom furyl thi lam tang d¢ nhay véi Ni
1én ba lan. Sy thay doi cau trac c6 thé gbp phan 1am ting d6 nhay.



11.10.PHUC CHELATE (VONG CANG)

Phéi tir ¢6 hai hodc nhiéu nhom nhudng electron, cd thé c6 nhiéu hon mot cap electron
dung chung véi ion kim loai bang 2 hay nhiéu hon lién két phéi tri xung quanh ion kim loai.
Nhitng phdi tr d6 nhin chung nhu 13 nhitng phdi tir da lién két, thong thudng goi 13 phdi tur
hai rang, ba rang, .... Nhitng phéi tr da lién két tao phurc voi ion kim loai, c6 dang phurc tap
va dugc goi la phuc chelate.

Mot nguyén nhan chung 14 trong phtic chelate phdi tir ¢6 chita nhom acid (—OH) hodc
nguyén tir nhuong electron. Mt trong nhitng nguyén tir nhuong electron co ban la nguyén
tir N. Trong su hinh thanh phuc chelate, nhém acid mat mot proton va trd thanh anion
nhuong electron

Vi du: Su tao thanh phtrc chelate v6i 8—Hydroxyquinoline véi Cu®.
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Anh hudng cua phtc chelate: Mgt tinh chit ndi bac cua phuc chelate 1a d6 bén cua
chung khong 6n dinh. Ching giéng véi nhitg hop chat thom hitu co. Khong phai hop chit
hitu co nao ciing tao duoc phirc chelate v6i kim loai. Mot phdi tir trong phire chelate phai c6
2 nhém nhuong electron hodc hai nhom acid hodc mot nhom acid véi mot nhom nhuong
electron. Hau hét cac nhom co tinh acid hitu co déu chira cac nhém: —OH; —SH; -NH-. Phéi
tir chira cac nguyén tir O, N, S thudng tao lién két phdi tri voi ion kim loai. Nhitng phéi tir
nay phai dinh cu trong phan tir tai nhitng vi tri ma c6 thé tao voi kim loai nhitng vong 5
hoac 6 canh.

I1.11.SU" AN NGU KHONG GIAN VA PQ CHON LQC

Vi su can tré vé khong gian trong ciu tric phan tir, mot vai thude thir hiru co c6 do chon
loc cao. Su tac dong qua lai gitta cac phan giéng nhau hodc khac nhau c6 thé anh huéng dén
tdc do phan tmg. N6 c6 thé lam anh hudng dén nhiing tinh chat vat 1y nhu: kha nang hap thy
anh sang, dg tan, su két tinh, ...

Hau hét do bén cua phirc phu thudc vao hinh dang cua ching khi nhiing obitan tréng cua
ion kim loai dugc sip xép theo cac hudng ma tai do cac obitan cua phéi tir s& lap day ma
khéng c6 sy bién dang quan trong. Nhing ciu trac giéng nhau c6 thé chi khac nhau & sy an
ngir khong gian. Néu nhitng phdi tir khong lién két co kich thudc 16n, thi sy bao boc xung
quanh nguyén tir kim loai ctia ching s€ gay can trd.

11.12.pQ BEN CUA HQP CHAT PHOI TRIi
D6 bén cua cac chét trong dung dich duoc cho bdi can bang sau:
M + nL < ML,

Ap dung dinh luat bao toan khdi luong, hﬁng s6 can bﬁng duoc tinh nhu sau:



BO = %
"OALA]
Aw: hoat 6 cia M, B! 1a hang sd can bang ctia phan tng.
Vi du : Anh huéng cta pH 1én su can bang ctia acid EDTA.
M: ion kim loai, Y 1a EDTA*

M+Y &MY

TH

HY,H,Y,H,5Y....

Sy anh hudng cua hydro 18n sy cin bang duoc tinh théng qua oy
[Y*] A

. [H,Y][H,Y][H,Y][HY |[H,Y" |[HY" ][ Y*] - (Y]

[Y*] ndng d6 ion Y* tu do, [Y’] 12 tong ndng do cua Y trong dung dich.

Anh huong ciia phdi tir canh tranh lam can bang cua EDTA véi kim loai dich chuyén
sang trai.

M+Y & MY
IL
ML
Anh hudng ctia phdi tir 16n sy can bang duoc tinh thong qua Pu
g M)
[M]

[M] N6ng d6 ion kim loai Mn" tu do trong dung dich , [M’] téng n6ng do ion kim loai M
trong dung dich. va Bu dugc tinh theo cong thirc sau:

BL=1+KI[L]+K2[L]2+K3[L]3+ ...... +K, [L

M

ki, ...k, 12 hang s6 bén cac phitc ML, ML,.... ML,.

Hang s6 bén di€u kién Kyry: duge tinh nhu sau:

_ (MY]
(Y]
ma [ Y]=ay [ Y]
va [M] =B, [M]
[MY]
suy ra:

WU IM Y B,

e )
aBysSK & [M'HY']




[MY]
(M][Y]

vay hang so bén kién Ky =

11.13.PONG HQC CUA PHAN UNG TRONG THUOC THU HU'U CO.

Nhiing hon hop phén tich chira mot ban chat giao thoa v61 nhau, thuong no bi tach hodc
bi che véi nhiing thude thir c6 thuan loi hon. Hau hét, nhirng phan tmg trong hoa phan tich
xay ra nhanh nhung mot vai phan ing cham duoc sir dung pho bién trong héa phan tich.

EDTA phan (mg nhanh v&i hau hét cac kim loai & nhi¢t d6 phong. No ctng phan tng
cham voi Cr(Ill) ¢ nhiét d6 phong nhung ¢ dang tinh khiét phie Cr(III) voi EDTA phan Gng
nhanh khi ¢6 dun noéng no ciing c6 thé duge xuc tac khi thém mét it bicarbonate. Crom c6
thé dugc phat hién chon loc dua trén kha nang phan ung cua n6 voi EDTA.

Khi phtre cua Co(II) voi EDTA hodac Co(Il) voi 1-(2-pyridylazo)-2—naphthol (PAN) &
khoang pH = 5 thi chiing bi oxi hoé bdi1 H,O,. Céac phtic ctia Co rat bén trong acid manh.

Chloramin c6 dang phtic dich chuyén dién tich véi amino acid & pH=9, dugc dun nong &
nhié¢t do 60°C trong khoang tir 30—60 phut phirc dugc hinh thanh va chiung bén trong moi
truong acid trung binh.



CHUONG III:NHOM (;Ht’fC PHAN’TiCH VA NHOM
HOAT TiNH PHAN TiCH

III.L1.NHOM CHUC PHAN TIiCH

Khi nghién ctru thude thtr hitu co ngudi ta nhan thiy rang: Nhém nguyén tir co cu tao
dac trung trong phan tir thuoc thir quyét dinh tinh dac trung ctia n6. Nguoi ta goi nhom dac
trung nay la nhom chure phan tich. Sau day chiing ta s€ nghién ctru mét s6 nhom chirc phan
tich.

I11.1.1.Nhém chirc phan tich cia Agl

Nhiéu hop chat hﬁ’u co chira nhém amine bac 2 (> NH) phan ung voi mudi bac. Mot
trong nhitng hop chat ay 1a rhodamine.

HN

8=cC CH
\S/ °

C——oO

Rhodamine tao v6i bac rhodaminat bac mau vang (AgOSC;H,ONS;) trong dung dich
acid. Feigl cho rang rhodamine c6 4 dang tantomer

HN

OH

l .C:O HT—T I.\T C——OH N C——
S=C\S/CH2 S=C\S/‘CH s:c\s/c‘:H2 SH—CU\S/C.ZHz
@) (1) (11T V)
Vi nhitng dan xuit cia rhodamine c6 ciu tao tong quat
HI.\I (’J—_o HT—C——O
S_ — v " — — '
—C\S/C—CHR R —C\S/C_CHR

R’=-CHj;, —C:Hs. R”= CcHs—NH=N-, C¢Hs—N=N

C6 kha ning phan tng voi Agl ciing nhu rhodamine nén khong ¢6 co sé dé cho rang
rhodamine phan tng voi Agl ¢ dang tantomer II va IV (nhom —OH va —SH va noi d6i trong

vong). Hop chat c6 cau tao
I|\IH
“:OO 4—CS

La hop chat khong thé nao chuyén vi noi phan dé tao nén lién két doi giira nito va
nguyén tir carbon khong chtra luvu huynh trong d6 vong luu huynh cling phan ing voi Agl
nhu rhodamine. Do d6, quan diém cho rang rhodamine phan tmg voi Agl ¢ dang tantomer
I1I ciing khong dung vimg. Vi vy chi con ¢ thé cong nhan rhodamine phan tmg voi Agl &
dang tantomer 1.

Nghién ciru nhiéu dan xuat cia rhodamine Feigl nhan xét rang: p-
dimethylaminolanzyliden rhodamine 1a thudc thir nhay nhat cua Agl.



HN C——oO

l ' CH
N _— 3
S——C CcC—C N

\s/ H < > \CH3

Bozoncenckun cho réng mudi bac tao thanh trong phan ung co cAu tao V hodc VI.

Ag—N C——oO
\ ~ : : CH
JR— / 3 v
S——C c——cC N
\S/ H \CH3
Ag---N C—

—o0
' \ ~ CHs
S—— J S < > — VI
\ 7 5 N \CH3

Nhing du kién cua Feigl va ctia mot sb tac gia khac hoan toan phu nhén nhimg cong
thirc ciu tao trén (V;VI). Béi vi nguoi ta khong thé chap nhan sy ton tai loai hop chat noi
phttc vong 4 nhu trén duoc. Hon nita, khong phai tit ca nhitng mudi ctia rhodamine (dic
biét 1a mudi Agl) va cta nhimg din xuat ctia n6 déu tan trong dung moéi khong nudc. Vay
mudi ctia Agl voi p—dimethylbenziliden rhodamine phai cé cong thirc:

Ag N C——0
‘ ‘ CH
- - 3
S—/—C c——C N
N H N
S CHs

Tong két nhitng du kién thyc nghiém nguoi ta cong nhan nhém chirc phén tich cta Agl
la:

S=C-NH-C=
I11.1.2.Nhém chirc phan tich cia Cu(II)

Nhiing a—axyloinoxim c6 cong thirc tong quat

T
OH NOH
T
OH NOH

Chtra nhom nguyén tir 1a nhitng thuéc thir ddc trung cua Cull (phan ung xay ra trong
moéi truong ammoniac). Nhimg hop chat nay dong vai tro nhu mdt acid kep va tao voi
Cu(II) muoi mau luc khong tan trong nudce va c6 cong thirc:

R N
CH—C—R"

L

o, N —=0

Cu



Khi nghién ctru tdc dung cua o—axyloinoxim voi Cu(Il) nguoi ta chia chung ra lam 2
loai:
0 Mot loai bao gdm nhitng hop chat tao mudi véi Cu khong tan trong ammoniac (trong
nhirng hop chat nay dong bao hoa phébi tir)

0 Mot loai bao gdm nhitng hop chit tao mudi véi Cu tan trong ammoniac (trong nhitng
hop chat nay dong chua bao hoa phoi tir)

Mudi déng tao thanh thudc loai nay hay loai khac la do ban chat nhirng gbc co trong
phan tir quyét dinh: Néu trong phan tur thudc tur co gbc thom thi mudi dong tuong ung
khong tan trong ammoniac. Néu trong phan tr co gbc béo thi mudi dong trong nhiéu truong
hop tan trong ammoniac. Trong lugng cua goc khong anh huéng dén d6 tan cua mubi dong
trong ammoniac.

Feigl dé nghi cong thirc cu tao mudi ndi phtrc khong tan trong ammoniac cua dong véi
a—xyloxinin nhu sau.

|
N\

II{ CH T R"
i N

C6 thé dung do tan ciia mubi thu duoc trong dung méi khéng nudc (vi du trong
chloroform) lam co s& tng ho dé nghi cua Feigl.

Mubi cua dong voi 1,2—xyclohexanolonoxim khong tan trong nudc nhung tan trong
ammoniac. Piéu d6 duoc giai thich 1a cyclohexim di bdo hoa phéi tir va do d6 khong c6 kha
nang phéi tri véi dong. Do d6, néu phan tir chira nhitng gdc chua bdo hoa phdi tri thi mudi
dong tao thanh (do ph01 tri ndi phan) khong tan trong ammoniac. Néu nhu nhitng gbc nay
bao hoa phdi tri thi mudi ddng tan trong ammoniac.

C6 thé rat ra két luan 13 khi str dung nhitng axyloinoxim lam thudc thir cho Cu(II) thi
muodi tao thanh s€ khong tan néu vong la vong 5.

Z:O_

C
|

\Cu/

Chinh vi vdy nén nhitng oxim ctia methylacetonylcarbinol va chloracetophenol chira
nhom nguyén tur.

HO—C—C—C=N—OH



Khong thé tao vong 5 duge nén nhiing hop chat nay khong thé tao mudi dong khong tan.
Epharan khang dinh rang nhom

\C—EZNOH

C—OH

/

Trong nhan thom ciing 14 nhém chirc phan tich ctia Cull (vi du salicylaldoxim tao mudi
ndi phurc)

I
\ CcC—oO
Do d6 ngudi ta cong nhan 2 cau tao nhom chirc phan tich ctia Cu(Il)
:::3::i3"““'ii""" 2HC=
OH NOH I|\|IOH
Nam ngoai nhém thom Nam trong nhém thom

III.2.2NHOM CHUC PHAN TIiCH CUA Th

KuzHellop dé chi ra rang nhimg hop chat chira goc AsO;H: va nhom hydroxyl & vi tri
ortho d6i vé1 nhém azo phan tng véi1 Th. Nhitng hop chat sau day tham gia vao phan ung
do

HO SO;H

AsO;H, HO

AsOzH,

J— OH
=l il

SO;H SO.H

(D)

AsOzH, HO AsOzH,

SO;H

(I11) (IV)
Pong thoi KuzHellop ciing phat hién cac hop chat nhur

OH OH

HO;S



OH OH
COOH
ASO3H2 HQ
N—/ C
SO;H

V) (VI)
Cling cho phan ung tuong tu v6i Th.

Nhiing hop chat chira gbc —~AsO;H, & vi tri para d6i v6i nhém azo vi du nhur

SO;H
H203AS @ 4‘
SO;H
OH OH

AsO3zH,

Hzoz;AS@‘ T C‘
HO;S

Mic du tao két tia voi mudi Th(IV) nhung khoéng gy nén sy doi mau.

SOsH

Tat ca nhitng diéu trinh bay trén cho phép chung ta cong nhan nhém nguyén ti.
B HO

A:=N-, CH

B: ASO3H2, —COOH

La nhom chirc phan tich d6i voi ThIV.

I11.2.1.Quan diém hién nay vé nhém chirc phén tich

Ngay nay, khi nghién ctru tac dung cua thudc thir hitu co voi ion vo co ngudi ta chu y
dén 2 diéu co ban nhat 13 cdu tao ciia thudc thir hitu co va kién trac dién tir ctia ion vo co.
Cong nhan cAu tao cua thudc tht hiru co va kién tric dién tir cta ion vo co quyet dinh co
ché phan tng giita chung thi chung ta khong thé cong nhan c6 mot nhom nguyén tir nao
(trong thudc thir hitu co) lai chi phan tng vi mot ion ma lai khong c6 phan ting véi nhiing
jon khac c6 kién tric dién tir tvong tu. Trén co s¢ do, ngay nay nguoi ta cong nhan co
nhimg nhém nguyén tir déc trung cho phan ng voi mot s6 nguyén tir ¢ tinh chat hoa hoc
gan nhau nghia 12 nhom chtic phéan tich ddi v6i mot sd nguyén t tinh chat hoa hoc gidng
nhau. Quan diém trén ching nhitng rat dung dan vé mit Iy thuyét ma con c6 y nghia thyc té
161 béi vi néu cong nhan c6 nhirng nhom nguyén tir dic trung chi phan ing voi mot ion thi
nhimg nha phan tich hay hoa hoc néi chung s€ chay theo phuong huong tong hop ra nhing
thudc thir chi phan tng véi mot ion ndo d6 ma thoi ma diéu d6 vé nguyén tic 1a khong thé



thuc hién dugc (Truong hop iodide phan tng véi hé tinh bot chi 1a mdt ngoai 1€ cd mot
khong hai). Chiing ta chi c6 va s& chi c6 nhimng thude thtr tic dung v6i mot s ion ma nhiém
vu cua nhitng nha phan tich 13 phai tao nén nhiing diéu kién can thiét (1am thay d6i ho4 tri,
tao phirc, diéu chinh pH, tach ....) dé cho phan ung tré thanh dic trung cho mét ion nao do
can xéc dinh.

I11.3.NHOM HOAT TiNH PHAN TiCH

Trén day, chung ta dd néi vé nhom chtrc phan tich nhom nguyén tir dic trung gy nén
kha nang phan ung cia thuoc thtr véi ion vo co nhung khong phai tat ca cac chat hitu co
chtra cing mdt nhoém chirc phan tich déu c6 gia tri nhu nhau vé mat phan tich.

D6 nhay va do dac trung cua nhiing phan tng phat hién mot ion bang nhing thudc thir
hitu co chtra cung mot nhém chirc phan tich, ¢6 thé rat khac nhau. Do d6, nguoi ta cong
nhan rang trong phan tir thuoc thir, ngoai nhom chirc phan tich quyét dinh co ché cua phan
ing, con ¢4 nhimg nhom nguyén tir khac khong anh huong dén ban chat co ché phan tng.
Chung lam bién doi tinh dac trung ctia san pham cuoi cung trong mdt chirng myc nhat dinh.

Vi du 1am bién ddi do tan, do dic trung, cuong do mau va do bén thuy phan... Nhiing
nhom nhu vay Kul-Be goi 1a nhém hoat tinh phéan tich.

Vi nhém hoat tinh phan tich khong anh huong dén co ché phan ung (khong gay nén co

ché) nén tac dung dic trung cua né phai thé hién dong nhét trong tat ca cac phan ung dua
trén cung mot hi¢u tng phan tich (sinh ra két tha, tao mau hodc 1a sy lién hop ca hai hi¢u

ng ay).
Do d6, sb nhom chire phan tich thi nhidu nhitng sé nhom hoat tinh phan tich lai rat c6
han. Sau day la 1 s0 vi du d€ minh hoa

Béng 3.1: Nhom hoat tinh phan tich

Ion phan

Thubc thir Cong thirc )
ing

5—(p— o—=C

dimethylamino HyC ‘ /
benzyliden)— > NO g=—=¢c S5 Ag’
rhodamine HsC S

p—dimethylamino | nc
benzene azophenyl P N=N AsOjH
e e Zr(11T)
arsenic acid

HC— ) S 7N
p—dimethylamino Hao ™ ) —
benzene azo © © [SnCle]*
anthraquinone N
N\ 7
p—dimethylamino Hac\N N=N—C—C—C—CH,
benzene azo H3C/ H \
beznyliden HC- l%_ CH, Hg,*
: 2
camphorxin HON=(—C—vy1
+ 2+
Tetramethyl H3C\N N/ CHs AgH, Cziu ’
p—phenylendiamine ~ ™~ &)

H3C CH; Hg,™




p.p’— HiC H CH;
Tetramethyldiamine \N ¢ N/ e x g2t
) 7 N Pb*",Mn
diphenylmetan HC CH ’

aminostyril

Iodidemethylat (p— SN _H 2+
dimethyl o C . OO | SN
. SCN

|

CH,

Tir cac dan ching néu trén chung ta dé dang nhan thiy rang trong tit ca cac thude thir
déu c6 chira nhém (CH;)N. Sy c6 mit ctia nhom nay khong phai 1a ngiu nhién. Mat khac,
nhitng thube thir néu trén 13 thudc tht dic trung nhét lya chon tir mét sd thude thir chira
cing mot nhém chire phan tich. Do vay ching ta c6 thé suy ludn mot cach hoan toan hop 1y
rang: Nhém p—dimethyl aminobenzene 12 nhom 1am cho thudc thir tré thanh dic trung hon,
nhém dé 1a nhém hoat tinh phan tich.

Trong nhiing phan tng tao két tua, khi dua nhimg nhom CI', Br, CNS, I' vao nhén
quinoline, nhan pyridin vao phan tu thudc thu, hodc bién nhan benzene thanh nhan
naphthalen, cung lam cho do nhay cia phan ing tang lén.

Nhitng nhoém d6 ciing la nhirng nhom hoat tinh phéan tich (Vi du: B¢ nhay tang (khi
chuyén hop chat bén trai thanh hgp chat bén phai)).

@N/No O
\ -
ONH, N—No
AN
ONH,

Cufferon Neocuferon
AsOzH O
@ ASO3H
—_—
O
Phenyl arsonic acid Antraquinone-1- arsenic acid

(]\ @fj\
\ \
N CH; N CH;

2 Methyl pyridine 2 methyl quinoline




CHUONG IV:NHUNG LUAN PIEM LY THUYET VE CO
CHE PHAN UNG GIUA THUOC THU HU'U CO VA ION
vO CO
IV.1.HIEU UNG TRONG LUQNG

Khi ting trong lwong phan tir thude thir d6 nhay ciia phan tmg tao két tia ting 1én rd rét,
nhung diéu do chi dugc thyc hién khi:

[J Sy lam tang trong luong phan tor dugc thuc hi¢n & phan cua phan tr nhém, anh huong
dén co ché cua phan tng.

0 Nhimng nhém lam ting trong lwong khong thé hién tac dung slovat hoa.

Hiéu tng d6 goi 1a hiéu tng trong lugng. Sau ddy chung ta xét mot s6 vi du dé minh
hoa.

Béng 4.1: Céc vi du vé hiéu tng trong lugng

Thuéc thir Céng thitc TLPT Do nhay
y/ml
2-methyl pirydin = | 93 130
(a-pycoline) . o,
2-methyl quinoline = |
T 143 13
(Quinadine) Y o
2—methy_1—5 ,.6— ‘ _— 193 )
benzoquinoline \
\N CH,
= s
2-methyl benthiazol | )\ 173 13
X N/ CH,
Iodidemethylat 2— C“\i i | 166 (khong ké
methylbenzthiazol e — iodide) 2
C,Hs5

Khi dua nhitng nhém dé solvat hoa, nhu nhom sulfo vao phan ti thudc thu thi do nhay
cua phan Ung tao két tua gidm xudng.

Ta ldy mot vi du dé minh hoa

Cong thue TLPT D0 nhay (y/ml)

SOsH

b &
378 1
-




SO;H

Y
Q 458 100

SO5H

(Noi nhu vay khong c6 nghia la khi ta dugc nhiing nhom dé solvat hoa vao phan tir
thuoc thir 1a ludn luén gay két qua Am ma nguoc lai, trong nhimg phan ing do mau. Chung
ta can tao nhirg san phim mau tan thi cic nhom dé solvat hoa lai gitip ta rat déc luc).

Nhu vy, khi chon nhém 1am ting trong luong dé dwa vao phén tir thude thir can rat than
trong. Nhitng gdc thom, géc béo va nhimg nguyén tir Halogen 1a nhitng nhém bao dam
nhat: Nhom thé dua vao cang cach xa phan xac dinh co ché phan tng ctia phan tir thude thir
cang bao dam khong gay hi¢u qua phan tich am.

Khi dua vao phan tir thudc thir nhitng nhém dé solvat hoa thudng lam giam do nhay cua
phéan trng. Nhitng nhém nay la: nhom hydroxyl, nhém amino, nhom sulfo ...

IV.2.HIEU UNG MAU

Mau cta phan tir thuong lién hé véi nhimg lién két d6i trong phan tir vi vay trudc hét
chung ta hay xét dac diém cua loai lién két nay.

IV.2.1.Lién két 6 mach lién hop

Lién két giita 2 nguyén tir duogc tao thanh boi nhitng orbital S ¢o tinh chit dbi ximg cn,
chi huéng theo dudng ndi lién két 2 hat nhan cua 2 nguyén tir d6 duoc goi 13 lién két 6. Lién
két o ciing c6 thé dugc tao thanh boi nhiing electron p va s. Vi du nhu nhitng lién két H-O
va H-N. Nhimng lién két nay ciing 14 nhiing lién két ‘6 bo1 vi mat do dién tich cua nhimg dam
mAy dién tir tao lién két 1 16n nhét trén dudng ndi lién hat nhan 2 nguyén tr tuong ung.
Mot cach tuong ty, lién két 6 cé thé dugc tao thanh boi cac electron sp, mién sao mat do
dién tir tap trung 16n nhat trén truc lién két thang.

Dic diém cua lién két o 1a rat bén nén it bi kich thich. Do d6, nhiing hop chét tao boi
lién két o thuong khong hap thu anh sang trong mién trong thay hodc la trong mién quang
phé gan tir ngoai. Ngoai ra, khi kich thich goc hodc nhiing “mang” khac nhau. Nhu vy,
nhirng hop chat chi tao boi nhiing lién két ¢ khong phai la nhimg hop chat dang cha y doi
vo1 phuong phap do mau ma nhiing hop chat quan trong nhat phai la nhirng hop chat c6 néi
doi.

Ngay ca khi chi xudt hién mot phan lién két d6i cling dan toi két qua 1a lam chuyén cuc
dai hap thu vé phia song dai.

Ta c6 thé 14y ion nitrat lam vi du. Khi tao thanh ion NO;™ ¢ su ghép d6i céc electron 2p,,
2py, 2p, cua nguyén tu nito vd1 mot trong 2 electron p khong ghép d61 cia moi nguyén tu
OXYy.

Nhu véy 14 trong hop chat tao thanh (NO;") & mdi nguyén tir oxy con lai mot electron p
chua ghép doi.




Vi O 14 nguyén t6 4m hon N nén c6 thé cho rang mot trong s6 3 electron (ctia 3 nguyén
tor) ¢ trang thai ty do gay nén dién tich am cua ion NO; con 2 di¢n tur con lai thi ghép doi
v6i nhitng dién tir 2s* cua N tao thanh lién két thir 2.

Nhung do hé qua cua hién tugng lai tao lai nén tat ca nhitng lién két gitra N va O 1a nhu
nhau va phan bd trong cing mot mit phiang déng thoi méi lién két N-O déu 1a trung gian
giira lién két don va lién két doi. Sy tao thanh mot phan lién két d6i dan toi két qua 1a ion
nitrat ¢6 cuc dai hap thu mién tir ngoai & 305mm.

Trong khi nghién ctru vé cac phan tmg mau, su hip thu anh sang cta cac hop chat hitu
co ¢ cac ndi ddi co y nghia dic biét quan trong. Lién két thir hai hodc tht ba tao nén boi
cac electron p dugc goi 1a lién két o. Llen két ndy co nhitng dic diém riéng. Vi du: trong
phan tir ethylene CH,=CH. do lai tao sp nén cac lién két ¢ nam trong cung mot mat phang
1a ddng nhat va goc giira cac lién két gan vai 120°. Nhu vay, 6 mo1i nguyén tu carbon con lai
1 dién tr p. Nhimng dién tur p nay tao lién két o nim trong mit phang thang goc v4i mat
phang cua lién két o.

Dic diém cua lién két o 13 kém bén va do d6 dé bj kich thich. Ethylene c6 cuc dai hip
thu ¢ 180mm.

Nhitng chat mau hap thu manh anh sang trong mién tréng thiy thudng c6 trong phan tir
mot s lién két doi, dac biét 1a nhitng lién két d6i xen k& v6i nhimng lién két don tao thanh
mach lién hop, dudi tdc dung ctia anh séng thi khong chi nhitng electron riéng biét bi kich
thich ma ca hé mach néi d6i lién hop bi kich thich. Do d6 anh huéng manh dén mau.

C6 nhiéu thuyét giai thich anh hudng ciia mach lién hop 1én mau nhu thuyét pho bién
nhat 13 thuyét mau khi dién tir. Theo thuyét nay thi khi dién tir ndm trong nhing 6 nang
lugng c6 d6 dai bang d6 dai ctia mach lién hop. Pbi voi nhimg chat mau don gian c6 cau
tao di xtrng va c6 mach lién hop thang thi c6 thé s dung cong thirc sau dy dé tinh do dai
anh sang cua cuc dai hép thu thtr nhét.

he  8mCI2 N,
PA——— —y—

A= — =
E h N+1 N+1

4.1)

h la héng ) plank, C la tbc do anh sang, E la nang luong luong tu hép thu, m 1a khéi
lugng di¢n tu, 1 1a d§ dai cua mot “mat xich” cua mach, N— 14 sd dién tir tham gia vao mach
lién hop ciing chinh 14 sé “mét xich” ctia mach lién hop. Sau khi thay cac hang s vao ta thu
dugc gié tri cia hang s6 K=63,7.

Nhu vay d6i voi nhitng chat mau mach thang, dbi xtng, d6 dai song cua cuc dai hap thu
trong mién trong thay chi phy thudc vao sb “mit xich” N cua mach lién hop.

Dudi day, dan ra nhitng du kién tinh toan va thuc nghiém dbi v6i nhitng gia tri N khac
nhau trong chat mau xyamine ddi ximg c6 cong thirc ciu tao nhu sau



CHs—N== :%c—c:cﬂ» =N"'"—GC,H; | CI'
Q s

S6 mat xich cua mach bat dau tir C,Hs—N (bén trai) dén =N—C,H; (bén phai) bang
N=10-2n

SHn 0| 1] 213
SO N 1012141 16
A tinh toén (nm) 58 | 70 | 83 | 959
0| 6| 4
A thuc nghiém (nm) | 59 | 71 | 82 | 930
0] 0] o0

Nhiing du kién tinh toan va thuc nghiém kha phi hop voi nhau. Péi v6i nhitng chat mau
khong doi xung, su tinh todn twong doi phire tap va thuong chi co6 tinh chat dinh tinh, tic l1a
0 su phu thudc tuyén tinh gitra d§ dai sang cua cuc dai hap thu vao s6 mat xich cua mach
lién hop.

Céan nhan manh ring, phuong trinh néu Ién sy phu thudc cua A vao N la hoan toan theo
kinh nghiém chtr chua dugc chirng minh bang 1y thuyét.

IV.2.2.Nhom mang mau, nhom ting mau

Dic diém cua nhimg chit mau hiru co duoc dung 1am thudc thir trong phén tich do mau
xéac dinh cac kim loai c6 chtra hé ndi dbi lién hop. Di voi hé ndi dbi lién hop thi dudi tac
dung cua anh sang, khong phai chi 1a nhitng dién tir riéng biét ma 1a ca hé lién hgp bi kich
thich, do d6 anh huéng manh dén mau.

Véy h¢ lién hop la nhom mang mau phd bién va quan trong; nhung mot chét khi chi
chtra hé lién hop thi thuong hip thu anh sang yeu Cuc dai hap thy s& chuyen vé phia séng
dai va cuong do hép thu s& duoc ting cudng néu trong phan tir ctia chat hip thu anh sang
xuat hién nhing dién tich ion.

‘Nhung khong phai tat ca nhitng nhém ion hoa (nhom tao muéi) déu c6 anh hudéng dén
pho hap thu anh sang. Nhoém sulfo —SO;H, —Cl, —F, —Br va mét s6 nhém khac ¢6 “dién tich
dién tir”” c6 dinh hau nhu khong anh hudng.

Ngugc lai, nhitng nhoém chira nhitng do6i dién tir khong phan chia tirc 1a nhitng nhoém cho
dién tr nhu —NH,, (-NR;), —OH, —SH va nhiing dan xuat ciia no lai thé hién anh hudng rat
manh. Nhitng nhom c6 dién tir hoac 14 nhiing nhom nhén dién tr vi du nhu NO, > C =O-
NO-CN > SO,, -N=N- va mét sé nhém khéc ciing anh hudng tuong ty. Ca hai loai nhom
nay duogc goi la nhom tang mau.

Khi trong phan tir mot chat c6 chira 2 loai nhém ting mau c6 ddc tinh nguge nhau thi
anh hudng dén mau lai dac biét manh.

Ta c6 thé minh hoa diéu nay qua vi du sau day:



0gd g g

Bezene Phenol  Nitrobezene p-Nitrophenol Anion p-nitrophenol
255nm 275nm 268nm 315nm 400nm

Nguoi ta quan sat thay trat ty ting mau cua nhitg nhém ting mau nhu sau:
CH;0- <—-OH < —-NH; < (CH3),N- < (C;H5),N— < C¢Hs—NH-

Nhitng ion v co cling ¢ tic dung mang mau va dong gép phan ctia minh vao mau sic
ctia hop chit tao thanh gifta ion vo co vé6i thude thir hitu co.

Bang 4.2 : Nhom mang mau quan trong nhat ctia cac nguyén tb

Nhom‘mang Nguyén to
mau
Me-O Cu, Au, Ti, V(IV)(V), Nb, Cr(IIT)(IV), Mo, W, U, Pu, Mn(II)(VII), Re, Fe,
Co, N1, Ru, Rh, Ir.
Me-S Cu, Au, In, Sn, Sb, Bi, Mo, U, Fe, Co, Ni, Os.
Me-N Cu, Re, Fe, Co, N1, Ru, Pd.
Me—Hal Cu, Au, Ti, Sb, Bi, Fe, Co, N1, Ru, Pd, Os, Ir, Pt.

IV.2.3.M6t s6 qui luit tao phirc mau

Trong nhimg cong trinh ctia minh KyzHellob di dén két ludn nhu sau: Mau cta nhiing
phan ung gitra thudc thir hitu co va ion vo co 1a do 2 nguyén nhan:

0 Tac dung cia nhém mang mau trong phén tir thude thir
[J Tac dung mang mau cua ion vO co

Néu trong phan tir thudc thir ¢6 chira nhitng nhém mang mau thi ban than thudc thir co
mau va phan tng mau chi 1a su bién ddi (doi khi 1a sy ting cuong do) mau thude thi. Néu
ion v6 co c6 tic dung mang mau (ion c6 mau) thi phan Gmg mau c6 thé xay ra giira ion kim
loai va thudc thir khong mau. Do d6 khong thé xuat hién phan (mg mau gitra thudc thir
khong mau va ion kim loai khong c6 tac dung mang mau.

Phan Ung cua cac nguyén t0 ¢ mau riéng voi cac chat mau hitu co nhay hon nhung lai
kém Iya chon hon so voi phan tng mau gitta cac ion nay véi thude thir khong mau.

Vi du: xac dinh Cull du6i dang Amonicacat lira chon hon xac dinh Cu bang dithizone.
Ag’, Zn(I), Cd(I) va cac nguyén t6 khong c6 mau riéng khong can tré phan Gmg mau giita
Cu(Il) va ammoniac nhung d6 nhay cta phan ng nay lai thap. Hé s hap thu phan tir cia
amonicat dong khoang bang 120.

Xac dinh Cu bang thudc thtr mau nhu dithizone, pyridinazoresocsin thi nhay hon (hé sb
hap thy phan tir ctia nhitng hop chét 4y khoang 2.104 va 16n hon) nhung do lya chon cua
nhimg phan g nay lai thap. Ag(I), Zn(Il), Cd(II) va nhiing cation khac cho phan tng mau
v6i dithizone déu can trd phan Gng nay.




Bang con duong thyc nghiém nguoi ta da rat ra dugc két luan sau day: Amax CUa phirc phy
thudc vao mirc do ion cia lién két kim loai—phdi tir, ma do ion cua lién két tit nhién phai
phu thudc vao ban kinh ion kim loai.

Do vy, néu so sanh nhiing ion c6 ciu tao 16p vo dién tir gidng nhau thi ta d& dang nhan
thay, ban kinh ion kim loai cang 16n thi sy chuyén dich Am.x ciia phirc cang tién gén VO Amax
dang anion ty do cua thude thir (dang ma lién két c6 d6 ion 16n nhat) Ta c6 thé lay truong
hop tao phirc cua phenylfluoron véi cac cation kim loai hoa tri 4 d& minh hoa. Phirc ¢6 ciu

tao nhu sau:
HO
A 0\
Men+ n
\ /

HO o} O

Ge(IV ) 7r )

Ion H T1 (IV Anion tu do
Ban kinh ion kim loai (Ay) | - 0,50 0,65 0,83

Amax (NM) 486 508 525 540 560

Diéu nay co thé giai thich bang luc hat tinh dién dbi voi nhitng electron tu do & cudi
mach 1ién hgp. Nhitng ion c6 ban kinh nhé Ge(IV) hut manh nén A« chuyén manh vé phia
song ngan con Zr(IV) c6 ban kinh 16n nén hut yéu. Va do d6 Amex gdn v6i Amax cia dang
anion tu do cua thudc thur.

Khi cation kim loai tao phirc mau voi thube thtr mau acid thi cuc dai hép thu mau caa
phuc chuyén vé phia song dai so voi pho hap thu dang phan tir (dang acid) cua thudc thi
nhung thuong su chuyén dich nay khong 16n bang khi tao thanh anion tg do (mudi natri)
nghia la:

Amax dang acid ctia thude thir < Ame phitc < Ams dang anion tu do ctia thude thir

C6 su chuyén dich cuc dai hap thu nhu vdy 1a vi ion kim loai lién két v6i dau am cua
mach lién hop kéo dién tir vé phia minh va nhu vay 1a mach lién hop dai ra.

Vi du:
LIy I
H,A (Alyzarin vang) HA- (Alyzarin do)
Amax=400nm Amax=520nm
(@] O
I T
(@)

A,— (Alyzarin tim)



Amax—=620nm

- (S]

o| B o/\ O/Me\o
o o

Alyzarin kim loai mau dé (Amax=450-520nm)

Néu su tao phirc xdy ra, trong mét miac do tuong ddi, 1a do nhom & mach nhanh cua
thude thir va do d6 trang thai dién tir cua mach lién hop it bi dung cham dén nén mau cua
phtic va cua thude thtr it khac nhau. Vi du nhiing chit mau azo, dan xuit cua salixilic acid,
khong thay d6i mau vang ctia minh khi tao phtrc véi AI** va nhiing kim loai twong tu.

COOH
O,N N=—/N 0
2 @ : Smer + 2H
/
C—oO
/
o)

Maiu cua nhiing chat nhu triarymetan ciing khong bién d6i khi tao hop chat véi nhiing
phuc acid cua kim loai. Cau tao mach li€n hgp cia cation tim tinh thé hau nhu khong bi
bién doi du ion ngugc dau la anion Cl” hay anion TaFs (hoac la nhiing cation tuong tu
khac).

H;C CH,
N N
— \
H3C/ CH;
c™
Cr
N/CH3
\CH3

Chi c6 nhitng tinh chit khac 13 bién ddi: Chloride cua tim tinh thé it tan trong benzene,
toluene con hexafloretanat ctia tim tinh thé lai bi chét dé dang bang benzene. Pho hap thu
anh sang cua phan chiét va ctia dung dich nudc cua chlorua tim tinh thé hau nhu dong nhat.



Trén day chung ta da xét hi€u ung trong lugng va hiéu tmg mau riéng biét nhung trong
nhing phan Gmg tao san pham mau kho tan thi mot nhom thé c6 thé thé hién ca hai hiéu tng
ay.

Vi du: So sanh tac dung ciia dimethylglyoxim va diphenylglyoxim véi Ni chiing ta thay
nhitng nhom phenyl, mot mat thé hién tac dung manh mau, déng thoi mat khéc lai thé hién
tac dung 1am giam d6 tan. Két qua 13 chung ta thu dugc diphenylglyoximat Ni c6 mau dim
hon va c6 dg tan nho hon so véi dimethylglyoximat Ni

IV.3.HIEU UNG KHONG GIAN

Nhing phire bén vimng 13 nhitng phuc duoc tao thanh do su xen phu nhimg quy dao da
lap day cua phdi tu vo1 nhimg quy dao trbng ctia cation hudng téi ching hoic 1 nguoc lai.
Tuy vay, nhitng cAu hinh 1ap thé theo du toan doi khi khong duoc thuc hién. Néu phuc dugce
tao thanh do sy tham gia ctia nhiéu phéi tir mot rang va cé thé tich 16n thi nhitng khé khan
vat 1y s& hoan toan gy tré ngai cho su phan bd chung xung quanh ion trung tam.

Vén dé sé tro thanh phitc tap hon néu ph01 tr 1a da nang. St dung nhimg mo hinh
nguyén tir, ta co thé biét dugc trong ddi nhicu vé hoa 1ap thé ctia nhitng phtic chat véi cac
phdi tir hitu co.

Biét ban kinh ion, d¢ dai lién két trung binh, gia tri gdc lién két thong thudng, ta co thé
hinh dung céu trac gan ding cua phirc, dic biét 1a trong nhitng truong hop phdi tir phing.
Nhiing bién d6i khong nhiéu vé ciu tric ciia phdi tir ¢6 thé gay nén nhiing khé khan khong
gian cho sy phi tri.

C6 thé chon 1,10-phenanthroline dung dé xac dinh ion Fe(Il) va 2,9—dimethyl-1,10—
phenanthroline 13 thudc thir cua Cu(l) lam vi du. Phic 1:3 cua Fe(Il) voi 1 ,10
phenanthroline 1a phtrc spin thip va c6 hang s6 bén 16n. Ngoai ra phirc con ¢6 mau rat dam
Nhitng nhom methyl trong 2,9—-dimethyl-1,10—phenanthroline gay tré ngai khong gian cho
su tao phuc Fe(Il) 1:3, con phtrc 1:2 thi lai 1a phirc spin cao va khong mau. Nhung nhiing
nhom methyl khong gay trd ngai cho su tao phuc Cu(l) co ti 1€ 1:2.

Hiéu tng ting nhu vy ciing duoc quan sat thdy trong trudng hop cua 6,6’—dimethyl
hodc 1a 6,6’—diamino—2,2’—dipyridin. Kich thudc cta ion kim loai cling dong vai trd quan
trong: ion Cu(I) c6 ban kinh 16n do d6 phdi tir nam cach xa nhau va nhimng khé khan khong
gian duoc giam di, ion AI** ¢6 ban kinh nho nén khéng thé tao phirc véi 2—methyl-8—
oxyquinoline va nhirg dan xuit thé twrong tu cta noridin.

Nhitng thudc thir ndy lai phan Gmg v&i nhimg ion ¢6 ban kinh 16n nhu Cr**, Fe*, Ga*,
Cu*" va Zn>".

Thém nhém phenyl vao vi tri 2 cta oxyquinoline s€ gay tré ngai cho sy tao phue 1:3 cua
AP" va Cr’". Khac v6i 8-oxyquinoline, 2-methyl-8—oxyquinoline khong tao ket tia véi
AL,

Str dung thudc thir ndy c6 thé dé dang chiét Ga, In va x4c dinh ching khi c6 mat AI*.

Nguoi ta cling quan sat thdy hiéu tng khong gian loai khac. D6 13 trudng hop nhitng din
Xuat thé 3,3” cua dipyridin. Dya vao nhing vi tri ay nhirg nhém c6 thé tich 16n s& 1am bién
dang cau hinh phang ctia phdi tir va dan dén két qua 1a lam giam sy 6n dinh hoa do cong
huong va lam xuat hién sitrc cing trong lién két kim loai phéi tir.

Hiéu tmg twong tu ciing dugc quan sat thdy khi dwa nhiing nhom isopropyl hay
fluorbutyl vao vi tri 3 cua acetylaceton. Nhitng phdi tir nhu thé khong tao nhitng phirc mau
binh thuong véi Fe(11D) hoac 1a Cu(II).



R& rang 1a c6 thé giai thich sy kién d6 bang tuong tac 1ap thé gitta nhom isopropyl & vi
tri 3 va nhém methyl & vi tri 2 hodc 4 1am cho tinh phang ctia vong bi pha huy, gy trd ngai
cho sy cong hudng va ngin can tao phtrc. N6 day nhom isopropyl ra xa mach acetylaceton
bang cach dit nhom methylene véo gitta thi sy tao phirc binh thuong lai tro lai.

Déi voi phdi tir loai nhu pocfirin(1) va flaloxyamine(2) kich thudc ciia nhan trung tim
c6 anh huéng 16n dén do bén cua phtrc. Nhitng ion 16n nhu Hg®', Pb*" khong thé di vao
nhan pocfirin, con ddi véi nhitng ion khéng 16n thi ¢6 thé du doan rang do bén cua phirc s&
giam xudng khi ban kinh ion giam xuéng. Do d6 cing cua nhan pocfirin nén muirc do xen
phu nhitng qui dao cua ion kim loai ¢6 ban kinh giam dan va phéi tir ciing s& giam dan.

Tuong tac gitta Ag" voi polymethylenediamine 14 mot vi du dién hinh khac vé anh
hudng cua nhitng yéu td hinh hoc dén qua trinh tao phrc.

Thudng nhitng vong 5 (vong khong c6 ndi d6i) co hang sd bén 16n hon so véi nhimg
phtic trong tng c6 kich thude khac.

Nhung tit ca nhiing phic ciia Ag" véi trimethylenedianin, tetramethylenediamine,
pentamethylenediamine c6 cau tao vong tuwong tng 1a 6, 7, 8 lai bén hon phic vong 5 voi
ethylenediamine. Piéu nay dugc giai thich nhu sau:

0 Khi kich thudc vong ting 1én, hod 1ap thé cua lién két Ag* c6 thé trong mot mirc 6 dang
ké tién dan t61 dang thang hang 1a dang thich hop vé1 s6 phoi tir 2.

0 Do anh huéng cua nhitng yéu td hoa 1ap thé nén kha ning tao phuc cia nhiing dang
d6ng phan khac nhau cta cting mét thude thir ciing khac nhau.

IV4.THUYET SONG SONG CUA KYZHEIIOB

KyzHellob dd dwa ra mot hinh tuong rat hay dé du doan tinh chét cua thude thir hitu co.
Hinh tugng do 1a sy tuong tu gitra nhiing thuoc thir hitu co va thudc thir vo co don gian
nhat.

C6 thé coi sy thuy phan nhu 1a sy biéu 16 cua khuynh hudng tao lién két Me—OR dudi
tac dung cta thude thir H-OR. Nhu vay, hoan toan c6 thé xem céc thir thudc thir 4y nhu H-
OR, chi khéac 13 mot nguyén tir hydrogen trong phén tir d3 dugc thay thé bang gbc hitu co R
va do d6 co thé cong nhan mot cach hop 1y su turong tu ctia hai qua trinh.

Anh hudng ctia pH 18n ca hai qua trinh d6 rat twong ty. Nhitng nguyén t6 ndo ma mudi
cta chung bi thuy phén ¢ gia tri pH nho (Sb, Bi,) c6 kha néng tuong tac voi thudc thir hitu
co chira nhom hydroxylenol 6 nong d¢ acid cao. Nhimg nguyén t6 ma mu01 cua no bi thuy
phan (Th, Al) doi hoi phan ng trong dung dich acid thap hon. Nguyén t6 c6 mudi bi thuy
phan yéu hon can phan ung trong méi truong trung binh hay kiém yéu, con cac nguyén t6
nhu Ca, Sn chi c¢6 kha ning tuong tac voi thudc thir loai dang ban, trong dung dich kiém
manh.

Trén co s6 luan diém néu trén ching ta c6 thé so sanh tac dung cua nhitng thude thir loai
R—SH véi tac dung cua H-SH. KyzHellob khang dinh rang nhitng thudc thir loai ndy chi tac
dung voi nhitng nguyén t6 nao c6 kha ning tao sunphua trong dung dich nudc. Nhu viy
Al¥, Mg, Ca®... khong phan (mg véi nhimg thudce thir hitu co chira nhom —SH. Anh
hudng cuia pH 1én nhitng phan tmg v6i nhitng thude thir 4y hoan toan tuwong ty anh hudng
ctia pH khi két tiia nhimg sulfur.

Nhitng arsenic acid R—AsO4H, gan véi acid arsenic va phosphoric vé tinh chét phan tich.
Do d6, nhitng ion bi két tia bang nhiing acid ay trong méi trudng acid manh véi nhing
arsenic acid.



Su tao phtic voi nhitng amine don gian nhat (va ngay ca v6i nhiing amine phirc tap hon)
hoan toan tuong tu voi qua trinh tao amonicat. Nguoi ta nhan thiy rang kha niang tac dung
v0i amine cua mot ion tang 1én voi sy tang do bén clia amonicat tuong ng, st dung quan
diém nay chung ta co thé giai thich mot cach hop 1y nhiing quan diém quan st thay khi két
tia mot sb ion bang oxim (oxyquinoline). Vi du: phan ung két tia nhing ion tao amonicat
bén (Cu(ID), Ca(1l), Zn(II), Ni(II), Cd(1D), ...) bang oxim xay ra ¢ pH thap hon so voi phan
g két tia chung voi dang hydroxide. Diéu d6 co thé giai thich bang su tao lién két phdi tri
giita nguyén tor N ctia nhan quinoline véi ion phan tng. Chung ta dan ra nhitng du kién
minh hoa trong bang dudi day.

Bang 4.3: Cac dang két tia twong Gmg ¢ cac pH khac nhau

pH bit dau két tia
Ion | Dang hydroxide | Dang quinolinate
C”)(H 5,3 2.7
C")(H 6.8 4
Zn(II) 52 4,3
Ni(II) 6,7 4,6
C(;(H 6,7 5,4

Toém lai, ching ta da néu lén sy twong tu gitta phan ung thuy phan voi phan ung tao
phtic ctia nhitng thude thir hiru co chira nhém —OH, sy twong tu giita phan (mg tao sunfua
v6i phan tng tao phirc ctia nhimg thudce thir hitu co cia nhém SH, su twong tu gitta nhitng
thudc thir loai RaSO:H, v6i H;AsO,, sy twong tu gitta nhitng phan tng tao ammoniac voi
phan tng cta nhiing thudc thir hitu co chira nhém amine. D6 chinh 13 ndi dung ciia thuyét
song song.

IV.5.SU PHAN LY CUA MUOI NQI PHUC

Trong dung dich nudc, mudi ctia hau hét cac kim loai luon luon dién ly kha manh.
Nhirng muéi nay la mudi cta acid vo co ciing nhu acid hitu co trong d6 c6 ca mudi cia
nhirng acid thé nhu m, p-oxyazoenzeic acid.

Ta xét mau cua 3, 4-dioxyazobenzene—4-sulfonic acid (I) trong cac méi truong khac
nhau. Trong moéi truong acid va trung hoa dung dich acid nay c6 mau vang. Khi kiém hoa
do su chuyén hgp chat nay thanh phenolat (II) dé phan ly nén mau chuyén thanh hong sam.

OH o
NaOﬁ—@‘N‘N@’OH 'OsS@N:N@o—

(I) dung dich mau vang (I) dung dich mau hdéng sim

4-Oxy—3-metoxyazobenzene—4—sulfo acid (III) trong moi truong acid va trung hoa c6 mau
vang va trong moi truong kiem c6 mau da cam (IV).

OCHj,4 OCHjz

(IIT) dung dich mau vang (IV) dung dich mau da cam

Na




Dbi chiéu mau da cam khong thim ctia monophenolat (IV) véi mau hong thim cia
diphenolat (II) chung ta thay rang mau lién quan t61 anh huong cong cua hai nhom phenol
phan ly bén canh nhau trong hop chat (II).

Vi khéng c6 kha nang tr¢ thanh nhimg phenolat 3,4-dimetoxyazobenzene—4-sulfo acid
(V) c6 mau do vang dong nhat trong dung dich acid trung hoa ciing nhu kiém.
OCH;

NaoSs—C>—N=N<j§700H3

V)
Theo su danh gia béqg rpét va theo duong cong hip thy thi mau dung dich cia nhiing
hop chat (1), (IT) va (V) rat gan nhau.

Tu do chung ta thdy rang su thay thé hydro trong nhém ~OH bang nhom methyl trong
nhimg hop chat chung ta dang ban khong thé hién anh huong 1én mau trong mién kha kién.
Diéu d6 cling dung trong nhimg trudng hop thay thé hydro bang gbe aryl.

Chung ta ciing nhan thdy mau dung dich ctia nhitng hop chat c6 ciu tao sau ddy rat gan
nhau:
COOH OCOC,Hs

Tom lai, mau cua nhitng phenol tw do va mau cta nhiing ester cua ching rat gén nhau.
Chi trong nhiing este trong d6 nguyén tu hydro cua nhom OH dugc thay thé bang gbc aryl
hodc alkyl nang, ngudi ta moi quan sat thiy su khac biét v& mau sic gitta phenol tu do va
ester cia nd, nhung su khac biét d6 thuong khong 16n.

Nhitng diéu trinh bay trén day cho phép chung ta két luan rang su g‘iéng nhau vé mau
cua dung dich phenol va este cua ching lién quan voi sy giong nhau vé trang thai khong
phan ly cua lién két O—H va O-R trong nhiing hgp chat nay.

Trong dung dich acid yéu 3,4-dioxyazobenzene—4-sulfo acid (I) tao néi phire véi Ga.
Dung dich phtirc d6 ¢6 mau vang doé giong nhau nhu mau ciia monophenolit (IV).

Néu nhu ca hai lién két cua nguyén tir Ga véi oxy cua nhom OH trong do Ga thay thé
hydro, la hoan toan ddng hoa trj thi trong ty voi nhimg hop chét alkyl thé, mau cua phurc
nay phai gan véi mau caa hop chat dimetoxy (V) khong phan ly hoic hop chat khoi dau (1)
boi vi ion Ga khong c6 mau riéng.

Nhung trong thyc té lai khong nhu vay nén co thé cho rang trong phirc d6, mot lién két
Ga—0 ¢ mot muc do nao d6 da ion hoa ndi1 phan. Ching ta c6 thé mé ta di€u do nhu sau:

a2+
‘058 —@— N:N df
(VD)

Néu chung ta cong nhan quan diém trén thi sy gin nhau vé mau sac ctia hop chit (IV) va
(VI) 12 hoan toan c6 thé hiéu dugc va co thé giai thich dé dang sic thai do nhat cua phirc
Ga(VI). Mau cua phie Ga(VI) rat gan véi mau cia monophenolat (IV) 14 do trang thai phan
ly ndi phan ctia monophenolat trong méi truong kiém. Nhung mau cta phirc Ga ciing khong
thé dat toi sac thai hong thdm cua diphenolat (IT) vi dé thyuc hién diéu d6 ca hai lién két cua



Ga vo1 nhiing nguyén tir oxy phai dong thoi thyc hién. RS rang, diéu kién d6 rat khé dong
thoi thuc hién véi chinh diéu kién ton tai phirc trong dung dich loang.

Nhitng diéu trinh bay trén, cho phép chung ta suy ludn mot cach hop 1y 1a c6 ton tai
trang thai phan ly ndi phan. Dya trén khai niém phan ly ndi phan ching ta c6 the:

a) Giai thich mau va anh huong ctia pH 1én mau cta nhitng hop chét va phirc chat loai da
néu trén va nhiing loai tuong tu.

b) Tim nhitng phan Gmg mau giita nhitng nguyén t6 khong mang mau va thube thir khong
mau (vi du hon hop da duogc acid hoa cia pyrocatesin voi diaosunfanilic acid dan dan tré
thanh do khi c6 mat Zn, Nb, W)

¢) Thuc hién mot sd tong hop hiru co kho xay ra. Vi du diéu ché chat mau azo tur
pyrocatesin bang phuong phap thuong (trong moi truong kieém) bi tré ngai vi dong thoi
xay ra hién tugng oxy hoa pyrocatesin dudi tdc dung ctia hgp chat diazo.

Khi c6 mit mudi nhém hodc mét sé nguyén t6 khac pyrocatesin phan Gmg t6t va hién
tugng oxy hoa do hop chat diazo giy nén khong xuat hién. Phan tng tong hop tién hanh
ngay ca trong moi trudng acid.

IV.6.LIEN KET HYDRO

Do anh hudng cua sy phan hoa céc lién két nén mot loai lién két méi duoc hinh thanh,
d6 1a lién két hydro. Tir nam 1912 ngudi ta di dua ra dé nghi vé loai lién két nay va dung dé
tra 101 cho cau hoi: vi sao trong khi ammoniac, methylamine, dimethylamine va
trimethylamine 14 nhitng baz yéu ma hydroxide cua tetramethylamine lai 14 mot baz manh
nhu KOH?

Ammoniac hodc 1a nhitng dan xuat thé bat ky ctia né déu c6 thé tao véi nudec mot loai
lién ket dac biét “lién két hydro” va phirc tao thanh c6 thé phan ly mot phan thanh cation
hay anion hydroxyl theo phuong trinh:

R;N + H,O —RN-"P O ..H —RNHP»+ OH

Mait khac, vi ¢ ion RuN" khong c6 nguyén tur H lién két véi N nén n6 khong thé lién két
v6i ion hydroxyl bang cach gibng nhu & 16p hop chét ke trén, do do6 hydroxide cua
tetramethyl amoni phan ly hoan toan trong dung dich nuéc gidng nhu KOH.

Nguoi ta cling di thu dugc nhiéu dir kién thuc nghiém chimg t6 rang trong nhing trudng
hop khac nguyén tir H c6 thé lién két voi hai nguyén tir khac, thuong 1a O, N, F, ... Mot
bang chung hién nhién vé su tf)n tai cua lién két hydro 1a nhiét d6 soi cao bat thuong cua
nhirng hydrua cta cac nguyen t6 ay Luc tuong tac gitra cadc phan tuor cia mot chat cang lon
thi nhiét d6 soi cang cao. O nhimg diéu kién khac nhu nhau thi néi chung, phan tir luong
cang lon, lyc tuong tac gitra cac phan tu s€ cang lon. Do d6 nén ta thay H,0, H,Se, H,Te
nhiét do soi can tang mot cach don di¢u. Nhung diéu d6 chi quan sat thay o cac hydrua cua
cac nguyén té nhém IVB (CH,; SiH , GeH,; SnHy). Con & cac hydrua ciia cac nguyén to
nhom VB (NH;, PH;, AsH; , SbH;), VIB (H-0, H.S, H.Se, H,Te) va VIIB (HF, HCI, HBr,
HI) thi thanh phin dau tién cua diy dwoc giai thich bémg su tao thanh lién két hydro. Do su
tao thanh lién két hydro nén nhiing “phan tir nudc” 1én hon H,O don gian.
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Lyc tuong tac giita chiing ciing 16n hon din dén két qua 1a nhiét do séi ting 1én nhiéu.
Hién tuong lién hop nhu vy ¢ trang thai long gay nén nhing tinh chat bat thuong khéc ctia
chat 1ong, vi nhu nudc co do tham dién moi rat cao va ti trong cuc dai & 4°C.

Bang cach do ty trong va su phin bd ngudi ta dd chimg minh rang nhiéu acid carboxylic
ctng lién hop thanh dang ludng phan ¢ trang thai hop ¢ trong dung dich cling nhu trong cac
dung moi khong nudc, vi du doi vai acid formic ta cd dang diner nhu sau:

C—H

Nhiing diéu trinh bay trén day chimg to rang lién két hydro 12 mot loai lién két c6 that,
n6 ludn lién két hai nguyén tir am dién X va 'Y qua nguyén tur hydro. Lic nay cac nguyén tu
X, Y, H twrong dbi ngan hon so voi khoang cach khi ma cac nguyén t6 nay hoan toan khong
lién két voi nhau nhung 16n hon khoang cach cua hai lién két truc tiép gitra H v6i X va Y.

Trong nhiéu truong hop nguyén tir hydro phan bb gan nguyén tir X hon Y, ca trudng hop
khi ma 2 nguyén tir X va Y 1a nhu nhau. Nhung trong mét s6 hop chét vi du NaHF, (chira
ion HF,) nguyén tor H phan bé d6i xtmg. H tao lién két hydro hoan toan khong c6 nghia la
H c6 hoéa tri hai, hai trong s6 4 dién tir lién két can phai nam trén quy dao 2s ma dé thuc
hién duoc diéu nay, ning luong kich thich phai 16n hon nhiéu so véi ning luong phu cua
lién két.

Ngay nay, ngudi ta chip nhan do bén lién két hydro 1a do luc tinh dién cua cac ludng
cuc X-H va H-Y gy nén. Vi X va Y la nhiimg nguyén t6 4m dién manh va do vay nhimng
ludng cuc X—H va Y-H thuong rit dang ké. Hon nita, nguyén tr H khong c6 16p vo dién tu
trong va thé tich cua nd lai nho nén nhimg ludng cuc co thé tién sat gan nguyén tir H. Lién
két hydro ciing c6 ¥ nghia trong nghién ctru thude thir hitu co. Nhiéu thude thir hitu co ton
tai du6i dang lién két hydro ndi phan t.

)

H
|
o)

o—nitrophenol

Do tao thanh lién két hydro noi phan tir nén o—nitrophenol c6 nhiét do nong chay thap
(45°C) con cac dong phan para, meta khong thuén loi cho lién két hydro do dé nhiét do
néng chdy cao hon. (dong phan meta noéng chdy & 97°C, dong phan para nong chiy ¢
114°C).



Su tao thanh lién két hydro anh huéng rd rét dén hang s0 phan ly acid cua cac thuoc thir
hitu co. Cac thudc thir chita nhém OH & vi tri para d6i véi nhém azo c6 hang sé phan ly

acid 16n.
Na038—®—N=N-<\=/>—OH NaOﬁ-@‘N:NGOH

pK=38,2 pK=6,7

Trong khi d6 thudc thir tuong tw, mang nhém —OH & vi tri ortho so véi nhom azo nhung
lai c6 hang s6 phan ly acid thap hon nhicu.

HO HO

pK= 11,2 pK=11,2

Diéu nay chi c6 thé giai thich bang su tao thanh lién két hydro ndi phan tir cua thude thir
nay v6i nhom azo, nhu vi du sau day

H—O

4

-

bdi véi nhirng thube thir ¢6 chira 2 nhom —OH & vi tri 0 va o’ dbi v6i nhom azo, gia tri
pK<6 va pK=11. Diéu d6 ching té chi c6 1 nhém tham gia vao cau noi hydro.

SO3H
Nao3s—©' z—p

SO3H

Naogs—(_ )N

Anh huéng cua nhom thé dén do bén cua lién két hydro ndi phan tir c6 thé thiy rd trong
truong hop Gallion. D6i voi Gallion ¢o6 thé thay 2 vong “thom gid” dugc tao thanh boi lién
két hydro theo so do sau.

Sy

H30S SO;H

Nhung nhitng dir liéu thuc nghiém (pK,=4.2; pK,=12.4) cho ta co s& dé két ludn rang chi
c6 mot lién két hydro hinh thanh

S

SO;H



Do bén cua lién két nay tang lén dudi tic dung ctia cac nhém thé NH, hodc SO;H. Lién
két hydro ciing dugc hinh thanh trong cac hop chat ndi phirc 1am cho s6 vong ting 1én va do
vay do bén tang 1én (Hiéu tng chelate). Vi vay, trong khi nghién ctru phirc giita kim loai voi
thudc thir hitu co can chi ¥ dén loai lién két nay.

(OH)+

AsozH

@

H30S

—O

H30S SOsH

IV.7.TACH CHIET POI VOI THUOC THU HU'U CO

IV.7.1.Sw phin b ciia thudc thir

Thudc thir HA phan bé giita nuée va tudng hiru co :

HA 83y HA, Kiia (4.2)
Hang s6 phan s6 :
" [HA] '

bai luong Kya khong phu thude vao pH ma phu thude vao luc ion va nhiét do.

Con hé s0 phan bo :

_Z[HA ]
Z[HA] 4.4)

Thi phu thudc vao K

Thudc tht chiét thuong 1a acid hitu co dang H.,R, cac anion ctia n6 tao phuc chiét duoc
v6i ion kim loai M. Su phéan b cta thude thir chiét gitta nudc va tudng hitu co phu thudce
vao pH cua dung dich, vi rang khong phai tat ca cac dang thudc thir chiét ton tai trong tudng
nuée didu chuyén dugc vao tuéng hitu co ma chi c6 mot s6 dang trong sb ching, sy phan bd
cua chung phu thudc va K, pH ctua dung dich nudc. Néu thude thir chiét HuR tao ra cac
dang chiét duoc Hmii R, HaR,... R, thi hé s6 phan bd cta nd dugc mo ta béng phuong trinh:

_[H,. RI*HH, R] . HR], _[Cpl,

R [ﬁm R]+[H_R]+....+[R]  [C,]

(4.5)

m+l

IV.7.2.Sw phan b ciia kim loai

Sy phan b cac kim loai cling nhu su phan bd cta thudc thir gitta hai chat long khong
tron 1an xay ra phu hop v6i dinh ludt phan bb Nernst, theo dinh luat nay thi ty sb cac hoat do
(hay & lyc ion cb dinh) 1 cac ndng d6 can bang ciia mot dang xac dinh cta chat phan bd
gitta dung dich nudc va dung dich hitu co khong tron 1an, ¢ nhiét do héng dinh 1a mot dai
lwong hang dinh.



Gia thiét rang cation M chiét duoc tir dung dich nudc béi mot dung méi hitu co & dang
cac phirc MR, MR,, MR; véi anion cta thude thir chiét H,R, thudc thtr ndy ciing chuyén vao
tuéng hitu co & cac dang HR, H,R, ..., HR. Trong dung dich nudc x4y ra su tao phirc timg
nac cac hop chat MR,MR,, ..., MR,. Ngoai ra cac cation chiét dugc M tham gia vao cac
phan mg tao phtic canh tranh voi ion OH va thude thir che L tao ra cac hé can bang M(OH);
va ML,. Liic d6 biéu thtc cta hé sé phan bd co thé viét dudi dang:

((MRH[MR, J+.. H{MR, ]), _[Culy

D, = n J ]
[M]+Z [MR; ]"'X:[M(OH)i +Z[MLi] [Cul (4.6)

D¢ tan trong tudng hitu co va thuc vay do chiét c6 thé tang l1én béng cach tao ra cac
phitc hon hop, lic d6 co cac phan tir baz hitu co khong tich dién tham gia vao bau phéi tri
bén trong (nhu pyridine chang han ). Khi tao ra cac chat hdn hop, 1am cho gia tri hé s6 phan
b6 ctia phire hdn hop chiét duge MR,L, dugc mé ta bang phuong trinh sau:

Gyl BaKouw [RTILT
v O oH 4.7
iy 2 B[R [L]J+ZB [OH], S

IV.7.3.Sw chiét ciia cac hop chét ndi phire (Cac phirc chelate khong tich dién)

Sy chiét cation M™ bang thudc thur chiét HR ¢ dang hop chét ndi phic MR, hoa tan
trong dung moi hiru co dugc mo ta bang phuong trinh :

M"™ +nHRO 8 3y MR, O+nH" K., (4.8)
Hing s can bang:

_[MR, J,[HTT

ex n+ n 49
[M™][HR], (49
Néu vé phai ciia phuong trinh (4.9) biéu dién qua hang s bén cta phtic chiét duge MR,,

hang s6 phan ly acid ciia thudc thir va hang s6 phan bd Ko, va K, thi ta nhan

dugc mot phuong trinh mbi lién hé cac dai lugng nay véi Kex nhu sau:
Kex :BMRn KDMRH /(K /KaHR ) (4 10)

Theo nguyén tic, tir (4.10) ta thiy gia tri hang s chiét phu thudc ty 18 thuan véi hang sd
bén Bur, va hing s6 phan b cua phirc Ko, vatylé nghich voi hang sb proton hoa Kk va
hang s6 phan b6 Ky, ciia thude thir chiét. Néu da biét Ko, va K, ddi véi mot dung moi
hitu co can so sanh thi theo gia tri K., d6i véi mot dung moi c6 thé tinh toan 1y thuyét gia tri
K cho dung moi khac. HE s6 phan bo Dy khi chi chiét mot phic duy nhat MR, dugc xac
dinh bang hé thuc:

K :BMRn KDMR“ /(KDHR /KaHR )'Dy=[MR, ],//(M™ J+[MR, ]):KDMRn /(I+[M™J/[MR 1) (4.11)
DPua héng s6 chiét Koy vao (4.11) ta nhan duoc cac dai lugng Dy va Ke:
/Dy =1UK,, +[H],/(Kex[HR]}) (4.12)

Trong trudng hop, khi DM<<Kyp, | c6 thé don gian phuong trinh (4.12) bang cach loai tir

vé phai cua né s6 hang 1/ KDMR“ , luc do6 ta nhan duoc:



DM:Kex[HR]g/[H+]n (4.13)
Hay & dang logarit:
logD,,=logK,, +npH +nlog[HR], +nlogf . (4.14)

pH,,=—(I/m)logK,, —log[HR], —logf . (4.14)

IV.7.4.Chiét cac phirc chwa bao hoa phdi tri va cac phirc tich dién (¢ dang cac phirc
hén hop)

a.Cac phirc chua bio hoa phdi tri :

Céc can bang xuat hién khi chiét cac chelate chira cac phan tir trung hoa cta thude thir
chiét, vé& co ban ciing gidng nhu khi chiét cac hop chit ndi phic bio hoa phdi tri, nhung
trong cac can béng tinh toan can tinh dén thanh phén cua phuc chiét duoc, vi du néu tao
phttc MR,(HR), theo phuong trinh:

M" +(nt+q)HR,, 8 & {MR, (HR) },+nH K., (4.15)
Kef{MR“} JALY Koy (4.15%)
[{eM){HR},
O day:
LG
e
Va logD,,=logK +npH+(n+p) log[ HR]  +nlogf, . (4.16)
pH,,= —llogKex —(Hﬂ ){ HR} —logf, P (4.16")
n nJ 0 H

b.Chiét phirc cation (chiét phirc tich di¢n)

Phuong trinh chiét phirc cation dugc mé ta bang phuong trinh .

M2 +(n+p) HR +mA={ MR, (HR) A, ] (oz'm_“) +nH' (4.17)

Va
logD,,=logK, —(n+p)log[HR]| +mlog|[C,]+npH +alogf . (4.18)

Va
pH,,= —%logKex - [1 + %%log[ HR| . %log[ C,|- logf, . (4.19)

IV.7.5.C4n bang trao doi khi chiét cic phirc chelate

Céc phan ung trao ddi chiét duoc dung dé tang do chon loc trong thyc hanh phan tich.
Dé 1am cac thude thir chiét thuong ngudi ta dung cac dung dich cc phirc chelate trong cac
dung moi hiru co, vi du dityldithio cacbaminat chi trong chloroform. Khi tron cac tudng thi
ion can x4c dinh (can tach ) M,™ & trong tudng nudc s& day ion My™ trong phan tir phirc
chelate MR, va chuyén vao tuéng hitu co & dang MiR, , ta co:



mM]"+nM, R, , 8 & mMR, +nM}" (4.20)

K’trd
' = [rar]orT{CM”] _Ke‘x|m (4 21)
" TIMRLLIC, T K, |
:BMRHKDMR
Vi ring " Kx )n , phuong trinh (4.21) ¢o thé viét ¢ dang sau néu chi y la
KDHR 7:'
. :I:Mm] .
M
[Cu]
. (ﬁM|RnKDM|RnaM|)
Ky = (4.22)

n
( ﬁMIIRmKDMIIRmaMII )
& day K’trd 1a hang s chiét trao d6i .

Nhu vay, do chiét trao doi hoan toan phu thudc vao cac hang so chiét di€u ki¢n cua céc
phuc riéng biét, vao cac hang s6 bén va hang s6 phan bo cua ching.

Diéu kién chiét tét:
K'exl ? K;X” (4.23)
Hay ﬁM|RnKDM|RnaM ? ﬁM”RmKDM”RmaM” (424)

Néu nhu cac ion trao d6i ¢6 dién tich nhu nhau thanh phan ciia cac hop chét chiét nhu
nhau, cac phuong trinh don gian hon, va

K;]ﬁ—K:eX' (4.25)
K X
Va diéu kién chiét t6t la:
Ku ? K, (4.26)
Va B, Komr, 0 ? Bu,r, Kom,r, O, (4.27)

IV.8.TACH CHIET CAC CHELATE

Kha nang va hi€u qua cua sy tach chiét cta nguyén td dua trén sy khac nhau vé cac hé
sO0 phan bo va cac hang s6 di€u kién cta sy chiét cua cac phirc chelate can phan chia. bé
danh gia dinh lugng hiéu qua tach nguoi ta dung hai dac trung: HE s6 tach S va h¢ s lam
giau S’.

Hé sb tach cac ion M; va My chiét duogc & dang céc hop chat MiR, va MyR,, duogc xac
dinh bang ty s6 cac hé so6 phan bo cua ching:

S P
MM T (4.28)

MII




Néu nhu hé sb 16n hon trong cac h¢ sb phan bd, vi du DM, ma bé hon dang ké KDM| , thi
phuong trinh (4.28) c6 thé biéu dién qua cac hang s6 diéu kién cua su chiét:

o[ M, ) Ko, IHRL™
M, 7] K, [HT™

(4.29)

Khi c6 thanh phan nhu nhau cua cac phuc chiét dugc (n=n=n) thi h¢ s6 tdch dugc xac
dinh bang ty s6 cac hang s6 diéu kién cua sy chiét cdc nguyén to can tach:

S[Mh

M, Ko, (4.30)



CHUONG V:TINH TOAN CAC HANG SO CUA THUOC
THU VA PHUC
V.1.NGHIEN CUU CO CHE TAO PHUC PON PHOI TU

Nghién ciru dé dwa ra mot phirc vao tmg dung trong thuc hanh phan tich thi viéc nghién
ctru co ché tao phtrc 1a mdt budc quan trong.

Chi trén co s& nghién ctru co ché tao phtic ta méi co thé xac dinh dang ton tai cudi cling
clia ion trung tdm va phdi tr ciing nhu viét dwgce phan tng tao phire thuce xay ra trong hé
nghién ctru. Tir co ché tao phurc ta tinh duge hing sb can bang cua phan mg tao phuc thuc
va hang s bén diéu kién cta phirc .

Ngoai ra, khi nghién ctru co ché tao phuc con cho ta mot s6 dir kién can thlet dé co thé
hiéu sau hon vé cdu trac cia phirc, dang ton tai ciia ion trung tim va phdi tir, sd proton tach
ra khi tao phuec, ...

V.1.1.Nguyén tic

Nguyén tic chung la tim phuong trinh thé hién mdi lién hé cac dang ton tai ctia ion trung
tam, cua phéi tir, s6 phdi tri, s6 proton, pH. Trén co s& d6 thiét 1ap céc thi nghiém de tinh ra
dugc so proton bi thay thé. Két qua chiing ta biét dugc dang ion tham gia va hang sb khong
bén.
V.1.2.Céc buée chinh dé xiy dwng nghién ciru
[J Dat tén va goi néng do cua kim loai, thudc thir, phtrc:

Dé don gian chung ta khong ghi dién tich ctia cac phdi tir trong hé. Goi M 1a ion kim
loai va nong d6 ion kim loai la Cy

HueiR 14 thude thir va Cg 12 ndng d6 thude thir
[M(OH)i(Hmn)] 14 phitc va C 12 ndng d6 ciia phirc

0 Céc can bang cua ion trung tdm trong dung dich:

M +H20 < MOH +H K,
M(OH) + H,0 = M(OH), + H K>
M(OH), + H,0 = M(OH); + H Ks
M(OH);,; + H,0 = M(OH), + H K;

Hang so can bang cua cac phan ung dugc bi¢u dién nhu sau:

« _IMOH)LH]
' [M]
Ta suy ra: moH) =2 4 My
S— _M(OH), IH]

[M(OH)]



_K,IM(OH)]

Va [M(OH),] iH] =X,.K,.[M]n
: [M(OH,] [H|
A ’ A £, K_
Mot cach tong quat: = IM(OH)|
Va [M(OH),| X, .K,..K,.[M].h"

Theo dinh luat bao toan néng do ban dau:

Cy={M] { M(OH) ]+{ M(OH,) ] +..4{ M(OH] ] (5.1)

Thay céc gia tri ndng do cua ion kim loai [M(OH), [M(OH),]..., [M(OH);] vao phuong
trinh (5.1) ta co:

Cy = M|+, [M] W +K K, [ M] h? +.K K,...K, [ M] h"4C,
Cu-C 3 M [ 14K b 4K K h 2 4K KK

Ta c6 thé tong quat nhu sau:

M _ (CM_CK)
[ ] 14K, .h 4K K 2+ 4K KL KR
10 1N, 1N K

(5.2)
(Cy -Cy) K,.K,..K,
M OH 1= M K _ 1 2 i
MO = R K hP K K Kh h (5-3)
0 Can bang cia thude thir trong dung dich:
H,.Ra8&3 H R+ KO'
H R&ax H, R+ K1'
H...R&&& H R+ K2'
HpnyRE &S H R+H Kn'
Hing s6 phan ly cta thudc thir trong dung dich 1a:
. |H.R|.|H
¢ JHoRL[H
[HmaR]
T d6 co thé rat ra duoc néng dd cua thude thir theo biéu thue:
[HnR]h
[HemaR] Tk
Tuong tu
. |H.,R|.|H
¢ JHoRLH
[HeR]

Va c6 thé rat ra:



[HR] =K [H,R]

Téng quat:
. |H.,R].[H
¢ JHo Rl H
|:Hm(n-1)R:|

Va: [H,..] KK K H R AT

Theo dinh luat bao toan nong do ban dau d6i véi thude thir, ta co:

Co = HpaR] HHR] HH R HHoR] A Hi R] H0C

Thay cac gid tri [HnaR], [HnR], [HmiR],

C,= [H,, R] h HH,. R]+K [H,R] +K K, EH R] Kl.Kz...Knn.[HmR] 1C,
0 h h h
Chuyén qCx qua vé trai ta c6 phuong trinh:
P [ WS SLEL S L P
Ko h h h )
Tir ddy ta tinh duoc ndng do can bang cta thude thir & trang thai cin bang:
Dang téng quat cua thudc thtr lic ban dau 1a:
[HooRl = E ch KK, K 'Kl'Khz“mKn
I+ 4+ 1412 4 412 (5.6)
K, h h h
0 Can bang tao phuc:
Phan Umg tao phtrc xay ra nhu sau:
M(OH), 4aH,R 3 M(OH] (H,R) 4nH K,
Ap dung dinh luat tic dung khdi luong ta c6 phuong trinh (5.8)
K I: (OH ] [H]qn K [H]qn (5 8)
"I OHi].[HmR] ~[M(OH),] [HR]®
Hing s6 bén diéu kién cua phuc (B) twong tmg véi can bang tao phuc:
M(OH) +qH, Raa M(OH)i(HrHR)q B
_[M(OH)H,R),] C,
[MOH)] [H,,RI* [M(OH)] [, R]
Tir d6 tinh dugc hang s khong bén theo (5.11)
K _[M(OH)l][Hr‘mnR]q_}
Kb CK [3

Thay phuong trinh (5.6) vao (5.11) ta c6 (5.12)

, [HmsR] vao phuong trinh (5.4)

(5.4)

(5.4)

(5.7)

(5.9)

(5.10)

(5.11)



h K, KK KK,.K..  h? 5.12
CK(1+K—.O+F1+ ;22+..+ 1 I12” )? (5.12)
B [M(OH), 1.(C; —aC, )"
h K, KK K.,.K..K:
Pat: CK(1+Kf.O+ﬁ+ e (5.13)
Q= (K, K,..K )
B.
Taco: Ky = hq?

Lay logarit 2 vé, ta dugc

IgB:Ig%+qnlgH

K
—IgB=qn.pH—Ig§ (5.14)

~lgB="f(pH)

Phuong trinh biéu dién su phu thudc —IgB vao pH 1a tuyén tinh khi hé s6 goc tga=qn 1a
mot sé nguyén duong. Vi q.n la s6 nguyén duong (q 1 hé sb ti lugng trong phtic, n 1a proton
tach ra tr mot phan tir thudc thir do tao phurc)

A~ \ c R X I B= H-— I & A ’ A .

Dé vé duong bi€u dién —19b=qgn.pH-1g Q° ta can tinh B theo cong thuc:

[M(OH),] (Cs - qC,)?

B= A —
h K, K,K K,.K,...K
Ce(l+—+-L+—1524 41200 n)d
3 Ko h h? h" )
Muén tinh B ta can xac dinh Cx
A
C,=C, —
K MA

gh
Trong d6: Cy 12 ndng do ban dau cia ion trung tim
A, 12 gid tri cyc dai cia mat do quang
—A,n xac dinh nhu sau:
ACALYE

= B




7 C?ln’ luu y rang ta chi lay gia tri pH; va A, trén doan phu thudc tuyén tinh MN (Cach
diém udn 0 vé 2 phia khoang 0,5 don vi pH)

Puong biéu dién —IgB=f(pH) c6 dang nhu sau:

lgB
5_&1 gﬁz /(-’3'53
- >

Gia tri tga c6 thé co gia tri tga<0, tgo>0 nhung vi tga=q.n (q.n: sé nguyén duong) nén
chi nhan duong thang ndo cé gia tri tga 13 sb nguyén duong

pH

O Néu co cac dudng thang —IgB=f(pH) cing théa man diéu kién nguyén va dwong thi co
thé c6 kha nang dong thoi ton tai trong hé hai hay nhiéu phuc

0 Néu trong hé chi tao mot phirc don nhan thi ta chi 1y gia tri i ndo nho hon trong cac gia
tri 1 c6 tgd nguyén va duong

V.1.3.X4y dung ké hoach thuc nghi¢m

0 Pha dung dich ion kim loai va thudc thir ¢ nong d6 phu hop véi thue nghiém (Cy, Cr)

0 Xac dinh thanh phan phirc (q)

[J Cho pH cua phuc thay d6i tai mot néng d6 nhat dinh tir d6 tinh néng do Cx dé suyra B

0 Chon i cac gia tri (i tir 0 dén 1)

Lap bang 5.1:

Bang 5.1
—lgB
pHi Ai CK(i) CR-qCK M M(OH) M(OH)z M(OH)1 Kp KKb B
1=0| i1=1 1=2 1=1
pH1 A, - - - - - - - - -
sz A, - - - - - - - - -
pH: | As| - : ; : - o A I

I

KP KKb

V& d6 thi va chon dudng c6 hé sb goc tg o nguyén duong (xac dinh duoc i)
0 Bién luan dé tim nq va KKb
Tir gia tri tgo=nq. Néu biét duoc tga (tga 1a hé sé goc cua dudng: —lgB=f(pH) va q 1a
hé s6 ti lugng trong phre, ta suy ra n va tir d6 tinh duoc Kk, K,

Xac dinh dugc gi tri i va n thi ta biét duoc dang ton tai cudi cung cta ion trung tim va
anion thudc thur H,,.»R va viét dugc co ché phan ung tao phrec.

Néu trong hé tao mot phirc khong tan, cé tich sb tan T,



K T
98=7q ~MPTI9 g
T
—-1gB.C =gn.pH-Ig=
Q
T
—IgA =pn.pH-1g=+
9 pn.pH QQ
A= [M(OH)i]'(CR_qCK)q
h K, KK K. .K,..K
voi (1+K—,O+Fl+ 1hZZ+___ 1 hzn nd

Q=(K,K,..K )
V.2.XAC PINH HANG SO HYDROXO CUA ION KIM LOAI

Bai toan xac dinh hﬁ}ng ) hydrogio cua kim loaj v6i thube thu whfru co duoq Najarenko
V.A. nghién ctru. Cho dén nay hau hét cadc nguyén t6 kim loai c6 thé xac dinh bang phuong
phap nay.

V.2.1.Nguyén tic

Vé nguyén tac, nguoi ta xdy dung phuong trinh ham 5O ion H" bi ion kim loai thay thé
trong moQt phan tr thudce thir. Qhﬁng ta da biét ro ion kim loai ton tai dudi dang nao tac dung
V01 phoi tr mau. Do d6 co6 thé dé dang viet ding phan tng cua ion kim loai Mn" véGi nhiing
1on hydroxideva vdi nhitng phoi tor mau HiR.
V.2.2.Cac buéc dé xay dung bai toan

Pit ndng d6 va goi tén cac ciu tir tham gia.

Mn+ 1a ion kim loai dugc ghi 1a M, c6 ndng do Cy, M(OH); phirc hydroxo béc i, HuR la
thuoc thir c6 nong d6 Cg, dang nghién ctru 1a H,,..R, Ck 1a nong d6 cua phtre, ion H™ duoc
ghi 1a H, ion OH" duogc ghi 1a OH, q la ti I¢ cta phtc.

Can bang cua ion kim loai

MOH
M +OH" 8% MOH Bﬁmz[MOH]:BJM].[OH]
MOH+OH™ @@ M(OH), Bz=%:>[M(OH)2]=Bll32[M].[OH]2
M(OH),+OH" @& M(OH), Bs= (M(OH), ] = [M(OH), =B,B,8,[M1.[OHF

~ [M(OH),.[OHT

M(OH).  +OH" 8& M(OH), B, = [M([Ohﬁ;):ibl_”:>[M(OH)i]=l31[32..Bi[M][OH]i
[M(OH),]
M]= :

= [M] B, [OM] (5.14)

bat By =BBBs-B;

Theo dinh luat bao toan néng do ta co:



Cy =[M]+[MOH]+[M(OH),]+[M(OH),]+ ...+ C, (5.15)
Thay nong do trén vao biéu thirc (5.15) va rat gon ta c6 [M] nhu sau:

[M]= Cu—Ck — Cu -G
1+B,[OHI+B,[OHF +BB,BIOHF +..+B, [OHT 1 g oy (5.16)
- .

s [H, ,RIH] [H.R]
N K — m-1 H R =K m
H,Raga H, R+H, SRR =[H,,RI=K, ™
L H. RIH H. R H.R
H..R&a3 Hm-zR+H,K2:%:>[Hm—2R]:K1[ [Hl] ]:[Hm-zR]:Kleﬁ
m-1
s _[H,sRIH] . [H,,R] 3 [HR]
HMR@%\B Hm_3R+H,K3_m:>[Hw3R]—K1 [Hz] :[Hw3R]—K1K2K3W
N [HWnR][H] [Hm—(n—l)R]
H., . ,R8aaH, R+H Kn:m:}[Hm—nR]:Kn[H]T
—[H, RI=KK,K,.K, ['["A"]T]
CR :[HmR]+[Hm—lR]+[Hm—2R]+[Hm—3R]+"'+[Hm—nR]+qCK (517)
— CR_qCK
[HoR1= K, KK, KKK K.K.K....K
1+ 1+ 1 2+ 1'*2 3++ 1'*2'*3 m
[H] [HF [HF [H]"
C.—oC K
[H_R]= R ~ I L
UL K KK KKK KKK K, TH]
[H] [H] [H] [H]
_ CR_qCK K1K2
[HMR]‘l K, KK, KKK, KKK,.K_  [H
+—L4 + o223 m
[Hl [HF [HP [H]"
~ Co—C, KKK K,
Ho Rl KKK KKK,.K.  [HT
1+ L4124 17273, 71727377 m
[Hl [HF [HP [H]"

Can bang cua thudc thir
Trong dung dich thudc thir H,R ¢ cac can bang nhu sau:
Theo dinh luat bao toan nong do ddi véi thude thir hitu co ta 6

Thay cac biéu thic {[HuR], [HaiR], [HuoR], [HusR], ..., [HmaR]} vao cong thic

(5.17) va rat gon ta co:

Tong quat:
* Lap biéu thirc tinh S



Phtrc phén ly trong dung dich
M(OHJ,(H, R) 8&& M(OH| +cH,, R

_ [M(OH), J[H,. R’
o [M{OH), (1, A, 19

Cy =[ M(OH), (H,.R], |

Tur (5.14) va (5.16) ta co:
[M(OH)]_~ Cu-C
Bui 14y B, [OH]

1= Pu. [OH]i (Cy—C)

= [M(OH).
' i 1
1+ B, [OH] (5.19)
1
Thay (5.19) vao (5.6) ta co:
_ (CM _CK) Bl...o[OH]I [ Hm—nR]q
Kb — i
|1+ Y B, [OH]'| C
| i = [OH]'[H,, .R]
<:>(1+ZBII[OH] ): (CM CK)BL..I[ ] [ m-n ] (520)
1 7 KKbCK
Thay [HmsR] tir cong thure (5.5) vao phuong trinh (5.20) ta co:
| . (C,,—0Cy) C.-oC K.K,..K
(1+ i[OH]IZ M K ( R K X 1 2n n
21:[31, KaCr 1, K KK, KKK [HT  (521)
[H] [HF [H]"
Ta dat:
o (Cu-Cy )[OH]‘( C.—0Cy XK1K2...Kn)q
C, 1. K KK, KKK, ™ [HT (5.22)
™1 2 m
[H] [H] [H]
Thay biéu thirc (5.22) vao biéu thic (5.21) ta co:
! i S
(1+ZBM (oH] )= (522)
1 7 Ko
Lay vi phan 2 vé phuong trinh (5.22) theo [OH]
"B, [OH'
;B“[ | _ B0 (5.23)

[OH]  K,,d[OH]

Lay phuong trinh (5.23) chia cho phuong trinh (5.22) ta c6:



s Y6, [OH]
Sd[OH] " [OH](1+8,,[OH] |

ans  LBuloH]

PEN = : (5.24)
d[OH] " [OH](1+B,,[OH]'|
Ta biét ham ndi phirc trung binh ctia Bejum dugc biéu dién
_ Yy [oH]
n=—————
(1+Bl,i [OH] )
Tur phuong trinh (5.24) ta c6
dins _ n 504
d[OH] ~[OH] (5:24)

n . . .
bai lugng m chinh 1a dg I¢ch (tga) cua ti€p tuyén tai moi diém cua duong cong phu

thudc InS vao [OH] nhu sau:

tea |

Y
InS

Tai cac diém tiép xuc liic nay 1a gia tri hang s B dugc tim bang d6 thi theo nhing
phuong trinh nhu sau:
dInS

X 1 oo = il
Pé tinh go d[OH]

tgal, + tgor, + tgol, + tgo, + ...+ toor |
thCTB = n

. . . dinS
Trong d6 n 1a s6 diém trén do6 thi. Ta dat ham s6 phu G, =tgoi = W va gidi han cua

ham G, khi [OH] tién t6i 0:

i ||m Bl+261[32[0H] :Bl



Vay: tgars = Pi, tir B; ta tinh dugc B,.
. . G-B, . .
Pé xac dinh B,, ta dit ham sb phu G, = [z)—l—ﬁl roi lay gidi han cia G; khi [OH] tién 0:

= i Gl_B1= lim B1+2[31[32[OH] . Bl
(or=0 [OH] - 0M1>0( 1.4+, OH] +B,8,[ OH? ]|[OH] [OH]

_ jimn Pt 28[OH] -, ~B?{ OH| BB, [ O]
(020 (14B,[ OH] + B, | OH]*| [OH]

[oll|]_>o 2

i 283, —Bi —Bfﬁz [ OH]
(990] 1+ B, OH| + B, [ O]

Vay : g, = 2.8, _Bf

Tuong tu:

= 2[31[32 - Bf

= 333_36162 +Bf

G,-(28, B>
lim G, = lim — (25, -F)
[OH]—>0 [OH]—>0 [OH]

Vay : tgo; =3B;—B,B, +B3, vi co Bi va B, ta tinh dugce P

) G3_(3B3_3B152+Bf)

lim G
004 = (oh 20 [OH]

[OH]—0

=48, 4B,B;+4B:B, — 2B; - B!

Vay : tgo, = 4B, — 4BB; + 4B1B, — 2B5 By, ta tinh duoc B,

V.2.3.Phwong phap thi nghiém
1. Pha dung dich ion kim loai va phtic c6 ndng d6 nghién ctru, tim thanh phan cta phtc.

2. Thay ddi pH c6 ndng d6 nhat dinh.

. . . n
3. V& do thi va tinh InS va [OH], tai cdc diém ti€p xtc lic nay ta tinh B tir Qo= m
4. Lap bang 5.2 su phu thudc InS va [OH]
Béang 5.2: Su phu thudc InS va [OH]
Co InS
POH) | Ai | Cky | &~ | M | MOH | M(OH), | M(OH); | M(OH), | M(OH); | K,
qCK . . N . . . .
1=0 | 1=1 1=2 1=3 1=4 1=1

POOH), | A | Ca | - | - ; _ - ) . .

POOH), | A, | Co | - | - ; _ . ) ; .




0 Nghién ctu phan tmg ndy thuong néng d6 lodng va phtc phai tudn theo dinh luat
Lamber—Beer kha rong.

[ Dai lugng chinh 13 d6 1&ch tiép tuyén tai mot diém cua duong cong phu thude InS

N
[ OH]
va [OH].

0 Bai toan hydroxo c6 thé tinh dugc dbi véi phire tan va kha nang tan trong nudc, trong
truong hop nay dai lugng S s€ biéu thi qua tich so tan T.

V.3.XAC PINH THANH PHAN PHUC

V.3.1.Phuong phap ty 1€ phan tir

(Phuong phap bién ddi lién tuc mot hop phan). Piéu ché mot day dung dich c6 pH
khong dbi (dung dich dém) ndng do cua ion kim loai khong d6i, con nong d6 cua thude thir
hitu co bién d6i lién tuc hay nguoc lai. Po mat do quang cua nhitng dung dich nay va lap dd

R
thi phu thude cua A vao ty 1€ néng do Ve (hinh 5.1).

Ay

>
K

12345
4 4 44 4 4 M

Hinh 5.1: Xdc dinh thanh phan phirc

TN R

2 6
4 4

theo phwong phap ty lé phan ti

Phirc cang bén va cuc dai hap thu ctia phirc va cta thudc thir cang khac biét nhau thi
duong biéu dién sy phu thudc ciia A vao ty 1¢ Mie cang giy rd nét. Piém giy trén duong
biéu dién xac dinh ty 1€ gitra cac hop phan trong
V.3.2.Phuwong phap dong phén tir gam

Chuén bj mot diy gdm 9 dung dich c6 pH nhu nhau va khong ddi va 6 2 € =const

Vi du chuin bi 9 dung dich c6 ) ,C=10.10°M nhy sau:

[Me].10°M 9 8 7 6 5 4 [ 371 2 1
[R].10°M 1 2 3 4 5

(@)
J
e}
\O




5 . R,
Po mat do quang cua 9 dung dich nay va lap do thi phu thudc cua A vao ty so Me de

suy ra sb phéi tri q (hinh 5.2)

AA

] ] * ] ]

>
8
2 2

Hinh 5.2: Xéc dinh thanh phdn phirc
theo phwong phdp dong phdn tir gam

V.3.3.Phwong phap diém ding quang
Diéu ché 10 dung dich gibng nhu trong diy dong phan tir gam. Vi du diéu ché 10 dung

= *107°
dich co 2. € =107107M

[Me].10°M |9 8 7 6 5 4 3 2 1 0

[RI.1I0°M |1 2 3 4 5 6 7 8 9 10

Cho ghi quang phé hap thy cta 10 dung dich nay trén may do mau ty ghi. Chung ta sé
thu dugc quang phd hap thu ctia 10 dung dich phu thudc vao do dai séng.



—»
0 M]

!
1
g 9 10 R]

Hinh 5.3: Xac dinh thanh phan ciia phirc
theo phwong phdp diém dang quang

[Me] 33 1

[R] 66 2

Ta c6 diém A la diém dang quang (dlem ma ¢ do 4 dung dich c6 mét do quang bang
nhau). Tir A ta ha dudng thang goc xudng truc hoanh, dudng niy cit cac dudng cong hip
thu & nhirng diém tuong Gmg véi mat 46 quang cua cac dung dich ndy & budce song doc dugce

. A \ A A . A 5 \ o A R A
trén truc hoanh. Twr cac dir ki€n nay, ta 1ap do thi phu thude cua D vao ty so Ve dé suy raq

(hinh 5.3).

V.3.4.Phuong phap logarit gi¢i han
Gia thiét ta c6 phan ung tao phic: Me+qR &3 MR,
g :%:MK »=1g[ MeR |-1g[Me| - qlg[ R~ ]
qlg| R™ |=1g| MeR,, |-1gK [ Me]
Khi ndng d6 ion kim loai du nhiéu va coi nhu khong ddi trong qué trinh tao phuc thi
thanh phan —I9K,[Me| 1a khong ddi va ta co:
19| MeR, | =f(1g[R]]

Ma [MeR,] lai ty 18 thuin v6i A nén cudi cung: —1gA=f(IgR). Lap d6 thi dién ta su phu

thudc nay ta duoc dudng thang co hé sd goc tgo=q

V.3.5.Phwong phap chuyén dich cin bang

Vi du: ta ¢6 phan ung tao phrc:
Me+dR & MR,



Vi [MeRy; ty 16 v6i [Me] ty 1€ v6i Ama—A nén:

[MR,] . C . A _
O ~c, ¢ A, A TR
A
Vay: 19A _A:f(lg[R])

Tir ham tuyén tinh nay ta tim dugc hé sé goc tga=q nhd phuong phap dd thi (hinh 5.4)

Trong phuong phap nay nguoi ta ldy néng do phdi tir 16n rat nhidu so voi nong do ion
kim loai. Vi du

Me 11 1 1 1 1 1
[R] 5°7,5'10'12,5"15'17,5’ 20
[R] trong phuong trinh: 19 A =19 ! = qlg[ R] +1gK
ep 8 . An’ax_A CMe_Ck ’
A
=f(1g/R
Vay 1gAmax—A (19[ ])
Amax i A
a
>
Hinh 5.4 €0=q
A C, _ . .
Trong phuong trinh 19 A A:1gC " C = 019[R] +19K, coi nhu bing ndng do ban
max Me X

dau cua thudc thir (vi khong thé tinh chinh xac néng d6 cin bang cta nd dugc) cho nén
phuong trinh trén mang tinh gan dung.



PHAN II: GIOI THIEU CAC THUOC THU VA UNG DUNG TRONG PHAN TiCH

CHUONG VI:THUOC THU PHOITRIO-0

VI.1.PHENYLFLUORONE
CTPT: C19H1205
KLPT = 320,30

I
O O
7.1.1. Tén goi khac

2,3,7-Trihydroxy—9—phenyl-6—fluorone

2,6,7-trihydroxy—9—phenylisoxanthene—3—one.
7.1.2. Ngudn gbc va phuong phép tong hop

Day 1a thudc thir ¢6 gia tri vé mit kinh té. N6 dugc téng hop boi phan ung 1,2.4—
benzenetriol v&i benzotrichloride.
7.1.3. Ung dung trong phan tich

N6 dugce dung nhuwthuéc thir do quang va nhay, c6 tinh chon loc voi Ge va Sn; ngoai ra
thudc thtr con dung dé xac dinh Co, Fe, In, Mo(VI), Nb, Ti va Zr bang phuong phap do
quang.
7.1.4. Tinh chét cua thudc thir

Phenylfluorone 1a mot tinh thé bot mau cam, C(:) nhi¢t d0 nong chay 16n hon 3OQ°C. Xuét
hién huynh quang mau hoi luc trong dung dich con & pH=8. Trong dung dich kiém, thuoc
thir phan ly yéu.

ft tan trong nude (3.10”M trong 20% ethanol, 25°C), it tan trong ethanol lanh, nhung dé
tan trong con bi acid hoa (HCl va acid H,SO4). N6 c6 thé keét tinh lai tir con bi acid hoa voi
su c6 mat cia ammoniac.Nhitng mau thuong mai thuong cé dé tinh khiét khong thoa man.

Phenyfluorone dugc xem nhu  mot chat dién ly ludng tinh, va sy phéan ly trong 25%
ethanol c6 thé dugc xac dinh nhu ¢ dudi:

pKa=2.3 pKa =5.8 pKa=113  pKa=123
HL < goy - »HL = » gr< » L
Vang vang cam cam hong

Pho hép thu trong dung dich nuéc dugc minh hoa trong hinh 7.1
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Hinh 7.1: Phé hdp thu trong dung dich nuée

7.1.5. Phan Gng tao phtrc chat va tinh chat ctia phirc chat

Phenylfluorone phan tng véi mot sb ion kim loai dé tao thanh chelate c6 mau khong
hoa tan. Trong dung dich acid 0,IM, Ge (IV) tao phirc c6 mau do voi ty 1€ 1:2 xay ra theo
phuong trinh:

Ge(OH), +2H,L f [Ge(OH),(H,L), |+2H,

Hing sb can bang trong dung dich ethanol 20% tai 25°C va p = 5 dugc xac dinh gan
bang 8(+ 4).10'%. Ciu trac phirc ctia Ge(IV) duge biéu dién nhu & dudi

O NC
(e
.
VAR
OH

Bang 7.1: PHAN UNG CUA PHENYLFLUORONE VOI 100pug CAC KIM LOAI

Ion kim loai | HC1 | HC1 + H,O, | HCI + oxalate | HCI+H,O, + oxalate
Fe (I1I) S S — —
Ge (I11) S S S S
Hf (IV) S S — —
Mo (VI) S — L —
Nb (V) S — — —
Sb (I11) S S S S
Sn (IV) S S L —

Ta (V) S — L —
Ti (IV) S — L —
V (V) S — —
W (V]) S — — —
Zr (IV) S L — —

O day: S: mau dam
L: mau nhat

— : it hodac khong mau



Két qua khao sat trén phan ng tao mau ctia phenylfluorone trong acid HCI cho thay chi
¢6 12 kim loai dugc tim thay c6 kha ning phan tng véi thude thir. Trong d6 su c6 mit cua
hydrogen peroxide va phdi ti, su tao phirc c6 tinh chon loc cao cho Ge(IV), Sb(III), Sn(IV).

Trong phép xac dinh bang phuong phap do quang, do nhay va do chon loc gia ting dang
ké bang cach chiét & moi truong acid manh. Pic tinh quang phd cta phenylfluorone chelate
duogc tom tit trong bang 7.2, quang phd hap thu ciia Ge chelate dugc huéng dan trong hinh
7.2.

Béang 7.2: DPAC BPIEM QUANG PHO CUA PHUC PHENYLFLUORONE

Kim X A € Gi6i han
loai Dicu kién Ty 1 (nm) | 10" cho phép
(ppm)
Al pH 3,0—4,0 ML, 540 | 6,0
Al pH 9,5 — 11,0, Triton X-100 ML X | 554 | 13,5 0-0,2
Co(IT) pH 4.5 5,0, NO, ML, | 645 | 48 -2
Zephiramine
Cr(VI) pH 1,5; 40 EtOH ML 500 | 2,1 | 0,01 -1,7
Fe(I1I) NaOH 0,001N ML, 580 | 8,6 ~ 1
Ga pH 8,0 — 9,0; CPB(X) ML,X, | 570 | 11,4 —
Ge(IV) HCI 1,2N, gela.tm, gom Arabic hodc ML, 510 | 8.7 B
polyvinyl alcohol
Ge(1V) HCI1 0,5N, chiét véi benzyl Alcohol ML, 505 | 14,5 ] 0,05-0,5
Ge(1V) HC 1,1 — 1,5N; CTMAC ML, 505 | 17,1 ] 0,02-0,16
In pH 5,5; gelatin ML, 540 | 488 | 02-—-14
Mn(II) CPC(X) ML, X, - 9,8 —
Mo(VI) pH 2,0; gbm arabic — 550 | — 10,33-167
Mo(VI) pH 1,5; CPC — 540 | 9,6 04-6
HC1 0,25 - 0,3M; EtOH, sau khi cho
Mo(VI) CHCL, véi BPA(X) ML,X | 518 | 74 0-0,6
Nb H;PO. 0,3% ML, 520 | 3,7 —
H,SO, 0,24 — 0,48N; Triton X-100 B B
Nb 1000 trong 90 gidy 525 110,01 0-04
N1 pH 8,5 —10,0; CTMAB, pyridine ML, 620 | 104 0-0,33
Sb(I1I) H,SO.,, gelatin, thiourea — 540 | 3,42 —
Sn(IV) pH 1,2 - 2,OV(HC1), tgrtarate, gum Arabic, ML, 510 | 5.93 9
hodc polyvinylalcohol
Sn(IV) H,SO, 1,8N, CTMAB — 505 | 18 0-0,3
Ta pH 4,5 — 530 | 6,39 0-0,5
. pH 7,0 — 1,0 (HCl), PB(X), chiét bang 3
Ti CHCL + AmOH (2:1) MLX,Cl | 540 | 9,0 | 0,05-0,1
Ti CPA(X), CI', chi¢t bang CHCl, MLX,Cl | 550 — —
. Furylvinylacroleyphenyl—
Tidv) hydroxylamine(X), chiét bang CHCl; ML:X, | 540 | 17,1 0,05-10
Ti(IV) pH 1,4 =2,2; Triton X350 (X)Op | \y vy | 540 | 163 | 0-02
emulsifier (Y)
V(IV) pH 4,0 — 5,0, 30% EtOH, 0,02% gelatin ML, 530 | 1,7 02-2




/n pH 7,7 — 8,2, CPB, pyridine ML 585 | 8,0 0-1

Zr(IV) HCI1 0,1N, stabilized with cyclohexanol — 540 | 13 ~ 1

Zr(1V) pH 4.6, F, CPC ML, | 560 | 4.6 07

Ky hi¢u cho cationic: CTMAC: Cetyltrimethylammonium chloride
CTMAB: Cetyltrimethylammonium bromide
CPC: Cetylpyridinium chloride
CPB: Cetylpyridinium bromide
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7.1.6. Tinh ché thudc thir

Thudc thir ¢6 thé dugc tinh cl}é bang cach cho 1 gam mAu v6i 50ml ethanol trong thiét bi
Sohxlet, tién hanh chiét 10 gio d€ loai bd cac chat khong tan.

Do tinh khiét ¢ thé duoc kiém tra béng cach do su hép thu blrc xa ctia dung dich nudc
c6 ndng d6 5.10%% (1IN HCI), (A = 462nm, € = 4,06.10%)

Su c6 mat cua cac ghét khac c6 thé duoc kiém tra bang phép dién di trén gidy voi dung
dich 0,1% duogc tron lan boi HCI 6N (3ml) — ethanol (97ml) dung véi dung dich cé chira
0,05% acid oxalic va 30% acid acetic.

7.1.7. Ung dung trong phan tich
O Thudc thir trong phuong phap do quang

Phenylfluorone hau nhu di duogc sir dung rong rdi nhu mot thude thir dung dé do quang
cho Ge. Mdt vai ion kim loai Co, Fe, In, Mo(VI), Nb, Ni, Sn(IV), Ta, va Zn cling co thé
duoc xac dinh béng thude thir nay. Viéc xac dinh Ge ¢o thé tang do nhay béng cach chiét
phtic Ge cung v6i luong du thude thir vao trong mot dung méi hitu co khong trén 14n nhu
benzyl alcohol hodc chiét Germanium chloride trong dung dich HCl véi carbon
tetrachloride hodc MIBK, sau do, 1ap tic tao thanh phirc phenylfluorone trong pha hitu co
v6i sy thém vao cia dung dich alcohol cua thude thir. Trong su twong phan voi phuong
phap chiét, do nhay ctua phuong phap do quang trong pha nudc chi bang mot ntra cua
phuong phap chiét, nhung d6 nhay va téc d6 phan tmg c6 thé dugc thay d6i bang su két hop
chat hoat dong bé mat cation chang han cetyltrimethylammonium chloride.



Trong viéc xac dinh thiéc Sn, trai lai thiéc khong thé ton tai dé hinh thanh mau thiéc
chelate boi sy thém vao dung dich methanol cta phenylfluorone dén MIBK duoc chiét ra tir
SnCls. Tuy nhién, tin phenylfluorone chelate dugc tao thanh trong dung dich acid pha loang,
c6 thé duoc chiét ra voi MIBK. Sau khi chiét ra mau cua chelate c6 khuynh huéng nhat dan
trong dung dich. Ty 1é cta sy mat mau ting dan véi su gia ting nong d6 acid trong dung
dich duoc chiét ra.

Diéu kién dung dé xac dinh do quang cua kim loai ciia phenylfluorone trong bang 7.2
0 Xac dinh Ge sau khi chiét ra vi carbon tetrachloride

Lay 20ml dung dich mau HCI 9N ¢6 chira 0,5 dén 10 pg Ge cho vao mot dng dan va
thém vao 10ml carbon tetrachloride. Sau d6 lic khoang 2 phut dé tach 16p hiru co ra. Ly
chinh xac 5ml cho vao binh 10ml va thém vao Iml thudc thir (0,05 g phenylfluorone cong
v6i 0,43ml HCI trong 100ml ethanol) va pha loang n6 véi ethanol. Sau 5 phut do tai budce
song 508nm.

VL.2.PYROCATECHOL TiM
CTPT: C19H14O7S
KLPT: 386,38

OH OH
HO O

(|:/
©/SO3H

H4L
7.2.1. Tén goi khac

3,3’ ,4-Trihydroxyfuchsone—2"—sulfonic acid, Catechol sulfonephtalein, Catechol tim,
PV.

7.2.2. Ngudn gbc va phuong phap tong hop

C6 gia tri vé mat kinh té. Tong hop tir sy ngung tu ciia o—sulfonephthalein anhydrit véi
pyrocatechol

7.2.3. Ung dung trong phan tich

Nhu mot chi thi kim loai trong phuong phap chuan d6 phirc chit chelate cta nhitng kim
loai ning. Nhu phan g trac quang cho nhimng kim loai khac nhau bao gom: Al, Bi, Ge, Sn,
Y, va Zr. B3 nhay c6 thé duoc cai tién bﬁng viéc thyc hién phan Gng trong sy cd mat chét
hoat dong bé mit cation.

7.2.4. Tinh chét cua thudc thu

La loai bot ndu — d6 thAm c6 anh kim loai mau xanh dwong. N6 rat hat 4m, vi thé nén
bao quan that kin. San pham thuong mai thinh thoang c6 mui vi acid acetic ma khong hoan
toan loai bo dugc tir sy két tinh dung méi. N6 tan ty do trong nude va con pha trong nude, it
tan trong con nguyén chét lanh hodc acid acetic bang va khong tan trong dung méi khong
phan cyc chang han: benzene, xylene, ...



Dung dich nudc cua Pyrocatechol tim ¢6 mau vang va mau cua dung dich thay doi theo
pH cling nhu két qué tach proton cua thudc thir. So do tach proton dugc viét nhu da dugce
chi ra & duodi day
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Phé hép thu cua thgéc thir ¢ nhirng gia tri pH khac nhau dugc minh hoa ¢ hinh 7.4
Dung dich nudc cua thude thir rat bén trong méi truong acid dan dan bi phai mau 6 pH>7,5.
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7.2.5. Phan g tao phtic chat va tinh chat ctia phirc chat

Pyrocatechol tim tao nén cac lién két mau véi cac kim loai khac nhau, hdu hét trong
dung dich acid yéu va baz yéu dugc tom tat & bang 7.3.

Bang 7.3: PHAN UNG MAU CUA PYROCATECHOL TiM VOI CAC KIM LOAI



Ion kim loai pH Mau Ion kim loai | pH Mau
Al 24150‘ Hoidotia | Nd(II) | 65
Be 8.0 Ni 7,5
Bi <1,5 Hoi xanh tia Pb 5,5
BO;> 6,0 Pr 6,5
Cd(1) 8,0 Hong Sb(Ill) | <1,5 | Hoi d6 tia
Ce(11) 6,5 Sn(Il) 3,5
Co(Il) 7,5 Sn(IV) 0,5
Cu(Il) 5,0 Th <0,3 P
Fe(I) 7,5 Ti(IV) [ <1,5| Mautia
Fe(11) <2,0 U0, 5,0
Ga 2,5 Mau tia WO,> <30 Do
In 7,0 WO, >3.0| Hoitia
La 9,5 Y 6.3
Mg 8,5 Zn 7,0
Mn(II) <3,0 Hoi d¢ tia Zr <1,0 | Hoitia

0 Nong do cua ion kim loai =~ 5.10°M.
[J Mau cua phuc kim loai 1a mau xanh ngoai trir su khac biét cua chi thi.

Phirc mau xanh dugce tao thanh ¢ trén chi thi pH. Cac phan ing mau co ban (chinh) la
[ML*]; [M>L] va [MHL] & d6 M duoc biéu thi cho kim loai héa tri 2, dugc chi ra sau:

Yoo
T
M

ML? (xanh — tim)

MHL" (xanh — tim)

/ 0 OH
T



S0 9y
QLT
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Hang s6 bén ctia mdi loai duogc tém tat trong Bang 7.4
Bang 7.4: HANG SO BEN CUA PHUC CHELATE CUA PYROCATECHOL TiM

ML’ (xanh)

Ion kim loai | Log KML | Log KM2L | Log KMHLa
Al(IID) 19,13 4,95 -
Bi(III) 27,07 5,25 -
Cddn 8,13 - 5,86
Co(Il) ,01 - 6,53
Cu(Il) 16,47 - 11,08
Ga(III) 22,18 4,65 -
In(111) 18,10 4,81 -
Mg(II) 4,42 - 3,67
Mn(II) 7,13 - 5,37
Ni(Il) 9,35 - 6,85
Pb(1l) 13,25 - 10,19
Th(IV) 23,36 4,42 -
Zn(1l) 10,41 - 7,21
Zr(1V) 27,40 4,18 -

Pho chinh thay doi theo sy hinh thanh cua phitc chelate dugc chi ra ¢ hinh 7.5. Mic du
budc song hap thu cuc dai nhung cuong dd hap thu khac nhau phu thudgc vao ion kim loai.

Pho hép thu twong tw dugce quan sat trén nhiéu kim loai khac

Trong su ¢6 mit ciia chat hoat dong bé mit cation, tuy nhién, su chuyén dich ¢ddm mau

va sy ting cuong ctia dai hap thu dwoc quan sat thé hién rd rang.

7.2.6. Su tinh khiét va tinh ché cua thudc thu

Mau thuong mai thudng khac nhau vé chét luong. Nhitng mau ma khong tinh khiét co
thé tinh ché bang sy két tinh tir acid acetic bang. Dang tinh khiét trong dém acetate (pH 5,2
dén 5,4) c6 mau vang chanh (Apw=

Absorbance

445nm, ¢ = 1,4.10%)
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Bang 7.5: CHUAN PO PHUC CHAT SU DUNG CHI THI PYROCATECHOL TiM

Ion kim n Mau thay ddi tai ,
loai pH Dém diém két thiic Luuy
Bi 2-3 HNO; Xanh - Vang
cd 10 | NI NHcl | Hoixanhduong -
hoi do tia
CO(IH) 9,3 NH;-NH,CI Hot1 xanh (?u(,mg - FC(HI), Hg(II), Th, Zr du(jc
hoi do tia chuan do cung
Cu(ll) | 5-6 | HNOsNH; Xanh — Vang
Cu(ID) 6-—7 Pyridine )
Fe(I1I) 5-6 Pyridine Xanh - Vang Vét cua kim 10%11711511:% khong
Ga 3,8 Acetate Xanh — Vang duge lan
In 5 Pyridine Xanh - Vang Chuan do cham
Mg 10 NH:—NH,Cl Hot xan.h (?u(,mg - Dung dich chuan d6 nong
hoi dé tia Thém NH,OH
Hoi xanh duong —
Mn(II NH;-NH,CI
ndh | 93 TNHC hoi do tia
Ni 93 | NH,NH,l | loixanhduong -
hoi doé tia
Pb 5 Hexamine Xanh - Vang e
2,5 HNO3 Xanh — Vang C6 lan Bi
Th
3,5
7n 10 NH,_NH.CI Hoi xanh duong —

hot do tia

7.2.7. Ung dung trong phan tich

[0 St dung nhu 1a chi thi kim loai trong chuan db tao phtric




Ton kim loai, c6 thé dugc chuan do bang EDTA str dung Pyrocatechol tim nhu la chi thi.
Dung dich A 1% dugc su dung va co thé ton trir cho nhiéu thang, dung dich c6 dung moi la
nude thi 6n dinh va sy thay ddi mau khong bi can trd béi vét kim loai nang, n6 duogc dé nghi
st dung thich hop cua chi thi ETOO hodc Murexit. Su thay d6i mau v6i Bi va Th thi rat r6
rang vi thé nhitng kim loai nay c6 thé dugc st dung dé chuéan do nguoc trong chuan d6 céc
kim loai khac.
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=
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Hinh 7.6

Bang 7.6: UNG DUNG CUA PYROCATECHOL TiM NHU THUOC THU TRAC
QUANG

Ton kim loai Pidu kién® Hézg;"c ;‘l‘r‘;,lst:é':gm L‘Zi‘l 3 €109
Al(IID) pH 6,0 ML, 580 6,8 0-—04
Al(IID) pH 9,7 - 10,2, CTAC(X) | ML,X;s 670 0,53 0,27— 54
Al(IID) pH 10 CPC(X) MLXs 700 3.8 —

B pH 8,55 — 8,65 ML 494 0,165 | 0,2-2,0
Be pH 8,0, CPC(X) MLXs 680 1,5 —
Bi(IIl) pH 3,8, acetate — 610 — 4-24
Cddn pH 10 CPC (X) MLXs 710 1,0 0,1-7,5
Co(II) pH 10, CPC (X) MLXs 720 1,2 —
Cr(11I) pH 5,0 — 6,0, acetate — 605 1,1 -
Cu(Il) pH 7 — 630 — 424
Fe(I1I) pH6,2-7 ML, 610 6,2 0-0,6
Fe(I) pH 5,0 — 6,0, CTMAB (X) | ML,X; 605 13,5 0-0,35
Ga pH 6,05 -64 ML, 580 ~73 105631
Th pH 3.8, acetate — 480 — 424
Th pH 8,0, CTMAB ML; 660 6,0 0,6 —4,0
Ti(IV) pH 3,3 — 3.5, gelatin ML, 690 — 0,06 — 0,71
Ti(IV) pH 2,0, CPC MLX; 745 7,5 —
V(V) pH 4,0, Zephiramine ML3 660 7,5 0-0,5
WD) pH 2,0 - 6,0 ML 540 — 1-6
WD) pH 1,0, CPC MLXs 670 6,4 —
Y(III) pH 8,7, H:BO; MLX 607 1,9 0-7,8
Y(III) pH 8,4 — 9,0, gelatine — 665 2,59 0-1,8




Zn(1D) pH 9,0, CPC MLX; 690 1,3 -
Zr(IV) pH 3,550 ML, 650 326 | 0-20
Zr(IV) pH 6,0, CPC MLXG 700 13 _

O St dung nhu 13 thudc thir trong phép tric quang

Ton kim loai co thé dugc xac dinh truc tiép bang phép tric quang truc tiép véi
Pyrocatechol tim trong dung dich c6 dung moi l1a nudc dugce tom tat & bang 7.6. Nhu mo ta
trude day do nhay chac chan dugc cai tién bdi su két hgp cua cation chat hoat dong bé mat.

Thong thuong Pyrocatechol tim khong la thudc thir chon loc va bi can tré boi nhiéu
nguyén t6. Boi vay phuong phap nay co thé ap dung sau khi c6 sy tach thich hop hodc két
hop st dung chat che thich hop.

Phtrc anion véi Pyrocatechol tim c6 thé duoc chiét vao trong dung méi hitu co nhu 1a
mot cdp doi — ion voi cation riéng 1€, nhu vay dat duoc d nhay va do chon loc ctia phép xac
dinh. Xac dinh tric quang Sn(IV) vé&i su két hop st dung Pyrocatechol tim va
cetytrimethylammonium bromide:

Chuyén 10ml dung dich mau (0,01 — 0,1mg Sn) va 5ml dung dich Pyrocatechol tim 10"
*M trong mot beaker 100ml. Thém 2ml cetyltrimethy—lammonium bromide 0,1% va pha
lodng dén 50ml. Hiéu chinh pH cta dung dich dén 2,2 bing dung dich ammoniac lodng, sir
dung may pH. Chuyén tona b dung dich vao binh dinh mc 100ml va dinh murc t6i vach.
Sau 10 phut, do d6 hap thu st dung cuvet lcm loai trir anh hudng nén bang mau tring &
662nm.

VI.3.CHROMAZUROL S
CTPT: C23H1609C128

KLPT: 539,34
COOH COOH
OH 0
H;
Cl
OH

7.3.1. Tén goi khac.
3”—Sulfo-2, 6”—dichloro-3,3’—dimethyl-4-hydroxyfuchson—5,5 —dicarboxylic acid.
7.3.2. Ngudn gdc va phuong phap tong hop

Chromazurol S 13 tén thuong mai ciia thuéc nhuém duoc san xuét bai tap doan Geigy;
loai thuéc nhudm nay 1a mét loai thude thir duoc ing dung rong rai. Ching chi yéu & dang
mudi trinatri. N6 duoc tong hop bang sy ngung tu cua sulfo—o—dichlorobenzaldehyde cting
2,3—cresotic acid, kém theo qua trinh oxi hoa.

7.3.3. Ung dung trong phén tich

Chromazurol S dugc dung lam chi thi kim loai trong phuong phap chuan 46 phire chat
xac dinh Al, Ba, Ca, Fe, Mg, Ni va Th; va ciing 1a mot thudc thtr tric quang cho nhiéu ion
kim loai khac nhau nhu la: Al, Be, Ce, Co, Cr, Cu, Fe, Ga, Hf, In, La, Mn, Mo, Ni, Pd, Rh,



Se, Th, Ti, V, Y, Zn, Zr va F". Theo nhiing nghién ciru gan day, ‘phuong phap trac quang voi
d6 nhay cao cua nhirng cation ké trén trong su hién dién cta chit hoat dong bé mit cationic.

7.3.4. Tinh chét cua thudc thir

Dang thuong mai Cp3H;300C1,SNa3.2H,0 1a bot mau nau d6. C6 kha nang hut am va dé
hoa tan trong nudc. Trong dung dich nudc, & pH = 3 — 4 ¢6 mau dé cam, pH = 4 c6 mau
vang. Trong moi truong acid & pH<0 (HCI 1,2 — 2,0N) tao thanh tia dang tu do HiL va lai
bi hoa tan trong dung dich acid hon (HCI 8§ — 9N).

Gia trj hing s6 phan ly proton da duoc xac dinh (i = 0,1 (NaClO,), 25°C) va phd hép thu
trong dung dich nudc ¢ nhitng pH khac nhau dugc minh hoa hinh 7.7

K =488 K =11,75

HL - P % g PPy ¢

cqn do Ve tim
|

I
S0OsH ‘:>: OH" COOH COOH @ OH

7.3.5. Co ché phan tng tao phuc va tinh chat caa phic

Chromazurol S phan img dugc véi nhiéu ion kim loai khac nhau nhu la: Al, Be, Ce, Co,
Cr, Cu, Fe, Ga, Hf, In, La, Mn, Mo, Ni, Pd, Rh, Sc, Th, Ti, V, Y, Zn, va Zr tao thanh nhiing
phurc chelate tan mang mau. Sy twong phan giita mau dé cam hay vang cta thude thir voi
mau xanh tim 13 giéi han mau cua phuc chelate. Nhitng gia tri pH thip nhit ma quan sat
duoc mau cua phan tng thi duoc tom tit trong bang 7.8. Ty 18 giira kim loai va phdi tir khac
nhau phu thudc vao kim loai va cling phu thudgc vao diéu kién dung dich nhu 1a pH va ti 1€
gifra thude thtr va kim loai.Vi du, ciu tric dé nghi cua ba loai phuc chelate Fe(Ill) dugc
minh hoa & hinh 7.8
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Bang 7.8: PHAN UNG MAU CUA CHROMAZUROL S VOI CAC ION KIM LOAI

KHAC NHAU

Ion kim loai | pH | Ion kim loai | pH | Ion kim loai | pH
Be 2,5° Nd 6,5 U (IV) 2,5
Ce (III) 5,0 Ni 7,5 Uo,” 2,0
Co (IT) 8,5 Pb 6,5 VO, 4,0
Ga 1,5 Pr 6,5 Y 5,5
In 2,5 Sr 11,0 /n 7.5
La 4,5 Th 1,0 Zr 1,0

Mn (IT) 7,5 Ti (IV) 1,0

a: tai pH nay phuic chelate c6 mau dé nho, nhung & pH cao hon phirc s& chuyén sang
mau tim.

H H
20?? 2
H3C O‘—"‘/?_O CH3
fo \D‘c
035 Cl (;\-b Off Cl
L C
CI/\cqu‘c// T
5 \O\ O/
H3C 0 Fe=—0 CH;
Y
H,0 OH;

Hinh 7.8 A



H20
HQO\}_'}OHz
e
HiC  O--H HiC 07" | “OH,
Ct C/O /0
% Cl Q
C C
(@] 0
- y/
05 Cl c( "0 Ci c",\
\
0 0
H3C OHFL:;OHQ HiC  O-H’
H,0”f “OH,
H,0
Hinh 7.8 B
H;0
\
H2O‘\~';POH2
HiC 0| “OH,
. 0
Cl C\\
0
( I
“0;S Cl A
3 C
e o L
’ :‘;Fé:OHz
H0” § TOH;
H;0
Hinh 7.8 C

Trong hau hét cac truong hop cua phuong phap tric quang su dung Chromazurol S®,
dung dich quan sat c6 thé 1a hon hop can bang cua hai hay nhiéu loai phure chelate.

Do khong chic chin trong viéc xac dinh dac diém, tinh chét cac hinh thai phuc chelate
trong can bang dung dich, dan dén khong chic chin vé d¢ tinh khiét cta thude thir va co rat
it cac hang sd bén dang tin cdy. Tuy nhién nhimg gia tri bao cao nay ciing rat hitu ich cho
viéc danh gia dinh tinh phirc chelate cta thude thir chromazurol S. Nhiing gia tri nay dugc
tom tat trong bang 7.9.

Khi quan sat sy hap thu phirc chelate cia Chromazurol S, phirc chelate Al duoc minh
hoa ¢ hinh 7.9 1a mot vi du mac du gia tri budc song Apax co thé thay ddi voi ting kim loai,
nhung hinh dang ciia dudng cong thi khong khac lam.

Khi ¢6 mat cua chat hoat dong bé mat cationnic nhu 1a phtic Zephiramine® hodac
Cethyltrimethylammonium chloride, phd cta thudc nhudém tu do va phtrc kim loai thay doi
mot cach dang cha y. Hinh 7.10 mo ta ph hap thu ctia Chromazurol S® va phitc aluminum
cua no6 trong sy hién dién cua Zephiramine S® cation.



Sy thay d6i phd tuong tu cau phuc chelate cling duoc quan sat trong sy hién dién cua
dung moéi nudc. Hinh 7.11 mo6 t4 anh hudng cua dung moéi hiru co trong phd hap thu cua
phtrc dong.
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Bang 7.9: HANG SO BEN CUA PHUC CUA CHROMAZUROL S

Ion ‘ Diéu kién

lkll'l:l Can bang log K pH Nhiét d (°C) u

oai
Al (1) | M +2CAS = M(CAS)2 2,04 4,2 — 30 NaClO4 0,1

5,5

Be (IT) M +HL = MHL 4,66 - 25 NaClO4 0,1
CddI) | M+2CAS = M(CAS)2 9,1 11 25 -
CoI) | M+2CAS = M(CAS)2 6,18 9,38 20 NaClO4 0,1




Cu (II) M+ HL = MHL 4,02 - 25 KC10,1

Fe (I) | M+ CAS = M(CAS) 43 2,7 20 KC10,1
(ﬁi‘) M+L= ML) 13,1 ; 25 (NaCl + NHA4CI) 0,1
(ﬁ% M+2L = M(L)2 12,9 - 25 (NaCl + NHACI) 0,1
((1}1?) M(L)2 + L= M(L)3 11,8 - 25 (NaCl + NHA4CI) 0,1
Th 1 Mt cAs = MCAS 42— 4,5 30 NH4NO3 0,15
av) (CAS) 4,8 ’ ;

VO2+ | M+ CAS = M(CAS) 44106_ 4 25 -

7.3.6. Su tinh ché va tinh khiét cua thude thir

Hau hét nhitng mau thubc thir sdn c6 khong du tinh khiét dé sir dung cho viéc nghién
ctru hoa 1y, mic du chung c6 thé dugc sit dung nhu 14 thude thir trong phuong phap do
quang cho nhiing kim loai hodc chi thi kim loai cho chuan d6 phtc chét chelate. Qui trinh
dugc dé nghi cho qué trinh tinh ché nhu sau:

Hoa tan 40g mau vao 240ml nudc va loc bo nhitng chét‘kh()ng tan. Thém 50ml HCI va
loc ket tna. Rua tua voi HCI 2N va lam kho6. Hoa tan tua bang 250ml nude va lam két tua
hai lan nita & nhiét do 70°C. Sau khi két tia lan thir ba 1am kho san pham.

Do tinh khiét cua ChromaZ}lrol S ¢6 thé duoc xac dinh bang quan sat do hap thu cua
dung dich cua nong do dugc biét & budc song thich hop (bang VII.3.3).

Phép thir chinh x4c hon c6 thé dung chuan d6 dién thé cua dang acid tu do (H,L.2H,0)
v6i dung dich NaOH.

7.3.7. Ung dung trong phén tich
O Thudc thir tric quang

Hon 30 ion kim loai dugc xac dinh véi thudc thir Chromazurol S®. Nhiing nam gﬁn
day, 6 hap thu phan tir ctia phirc kim loai d3 duoc tim thdy ting cao dén 105 khi c6 mit cua
micelle cation; vi vy phuong phap tric quang c6 do nhay cao cho nhiéu ion kim loai khac
nhau d3 duoc bao cao. Nhung dung Chromazurol S nhu 1a thubc thir tric quang lai thiéu
tinh chon loc cho nhiéu ion kim loai.

Bang 7.10: DPAC PIEM PHO CUA CHROMAZUROL S

Diéu kién Amax(nm) | & (x10%)
HCI 1,0N 540 7,80
pH 7-9 (acetate, borax) 430 2,24
pH >13(NaOH ~ 1N) 600 7,56

0 Xac dinh Be bang phuong phép tric quang

Chuyén toan bo dung dich mau c6 tinh acid nhe (1-80ug Be) vao binh dinh muc 25ml.
Trén 16p nude tach ra, trung hoa lugng acid du bang NaOH10% bang chi thi methyl da cam,
thém 1,0ml acid ascorbic 1%, 2,00ml EDTA10%, 5,00ml dém acetate. Tiép tuc thém vao
hon hop nay mot lugng dinh truéc NaOH10%, va pha lodng voi 20ml nude. Thém 2,00ml
dung dich Chromazurol S® (0,165g trong 100ml nuéc) va pha lodng dén thé tich trén. Po do




hap thu va loai anh hudong nén bang miu trang & 569nm. Do nhay 1a 0,00022pg Be cm? trén
thang can Sandell.

0 Xac dinh Be bang phuong phép tric quang c6 d6 nhay hon nhd sir dung chét hoat dong

bé mat

Chuyén dung dich nuéc chua it hon 2pg Be vao mot beaker va thém 1,00ml EDTA 1%
va 5,00ml dung dich perchlorate sodium 5M. Hiéu chinh pH ctia dung dich dén 4,5 véi
dung dich dém acetate va lam bay hon dung dich con 5-10ml. Sau khi lam lanh ¢ nhiét do
phong tiép tuc thém 1,00ml dung dich Chromazurol S® 0,25% va 2,00ml
polyoxyethylenedodecylamine 0,5% (hoa tan 0,5g trong nude cé chira 0,5ml HCI 5N, sau
d6 hiéu chinh pH t6i 4,5 v6i dém acetate va pha lodng tdi 100ml). chuyén toan bo dung
dich vao binh dinh mtc 25ml va dinh muc t61 vach béng nude cat. Sau 15 phut, do do hép
thu & 605nm va loai trir anh hudng bang miu tring. Do nhay 14 0,0001ug Be cm? trén thang
can Sandell.

Anion nhu 1a perchlorate, nitrate, va chloride khong anh huéng.
O Chi thi kim loai trong phuwong phéap phuc chit

Chromazurol S dugc dé nghi nhu 1a mot chi thi kim loai trong phuong phéap phirc chét
dugc tong hop ¢ bang 7.12. Mic du mau thay dbi khong rd nét bang Xylenol da cam, nhung
n6 rat hitu dung trong chuan d6 Al, Cu va Fe noi ma Xylenol da cam va methyl thymol blue
khong hoat dong thich hop. Chi thi st dung pha trong nuéc khoang 0,1-0,4% cé thé dé
trong nhiéu thang

Bang 7.12: CHUAN PO PHUC CHAT CUA ION KIM LOAI DUNG
CHAT CHI THI CHROMAZUROL S

Ion kim loai pH bém Thay dmcg%aiu 0 diém Chuy
AI(IIT) 4 Acetate Tim —vang chuan & 800
Cu(Il) 6-6,5 Acetate Xanh dam —>xanh

nuoc bién
Monochloroacetic \ R an
Fe(III) 2-3 : o Xanh —vang cam chuan do ¢ 80o
acid — acetic acid
Ni(II) Pyridine +NH3 Xanh tim —vang
Th(IV) 1-2 HNO3-NH3 Tim dé6— vang chuan do dién thé

7.3.8. Thudc thir khac ¢ cau trac lién quan
[ Aluminon:

Mudi ammonium cta acid aurine tricarboxylic.
CTPT: C22H23N309
KLPT: 473,43
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NH,00C / “COONH,
COONH,

La chat bot mau ndu vang, trong sudt va dé tan trong nudc. San pham thuong mai,
thuong c6 do tinh khiét khac nhau. D6 tinh khiét c6 thé duoc kiém tra bang chay qua sic ky
16p mong (TLC) véi silica gel. N6 tao mau lap lanh véi ion Al, Be, Cr, Fe va nhitng ion dat
hiém. Vi thé n6 duogc sir dung trong phép do mau xac dinh va phat hién nhitng ion ndy. Son
mau nay c6 thé tan véi su tro gitip cua chat hoat ddng bé mit nonionic nhu 1 Triton X—100
(acetate pH 4,8; 1,5ml Triton 20%; ¢ 100°C; budc séng 537nm). Anh hudng cua Fe co thé
duogc loai nho str dung két hop acid ascorbic va acid thioglycolic.

[0 Erichrome Cyanime R:

2”-Sulfo-3,3’~dimethyl-4—hydroxyfuchson—5,5’~dicarboxylic acid, mudi trisodium
(CTPT C23H16098, KLPT: 468,43)

COOH COOH
A
CHj X g ~CH3
SO3H

Dang bt mau do gach, né dé dang tan trong nuéc va alcohol, cho dung dich mau cam
va chuyén sang mau tim khi pH>9. Hang sb phén ly acid trong dung dich nuéc (pK.[n=1—
4])1a 1,79, 4,00, 6,91 va 11,14 (u=0,1 NaCl, 20-22°C). Trong vung acid hodc trung tinh, n6
hinh thanh phirc tan c6 mau tim dé véi Al, Be, Ca, Cu, Fe, Mg, Zr, ... va dugc biét nhu 14
mdt thudc thur tric quang dé xéac dinh Al (pH 6,0, Anax=535nm). Va cling c6 d0 nhay cao cho
Be khi ¢6 mat cua micelle cation (Zephiramine) (pH 6,7-7,2, Amax=595nm, £=10°, 18—
55ppb).

VI.4.N-BENZOYL-N-PHENYL HYDROXYLAMINE VA NHUNG CHAT

LIEN QUAN
R

/CH3

7\



7.4.1. Tén goi khac

Nhiing chat phan tng bao quat trong phan nay duoc liét ké trong bang 7.13, cing véi
nhirng dong phan cta chung.

7.4.2. Ngudn gbc va phuong phap tong hop

‘ Tat ca nhitng chat phan Gng sin ¢ trén thi truong (1) va (2) dugc chuan bi boi phan tng
lan luot gitra phenylhydroxylamine véi benzoylchloride va cinnamoylchloride. (3) thi dugce
chuan bi bdi phan tng gitra o—tolylhydroxylamine vdi benzoylchloride.

7.4.3. Ung dung trong phan tich

Nhitng chit phan tng nay cé lién quan voi Cupferron vé mit ciu tric, nhitng phan tng
ctia chung voi ion kim loai 13 nhu nhau, nhung trong nhiéu truong hop cu thé ching manh
hon Cupferron boi vi chiung 6n dinh hon trong acid vo co. (1) va (3) thuong dung lam
nhimng chét chiét tric quang cho nhitng kim loai V(V) va Ti(IV). (3) thi dic trung nhét cho
kim loai V.

Chung cing thuong dugc dung nhu la nhitng dung moi chiét dé ngan cach nhing ion
kim loai khac nhu la nhiing chat két tua hodc nhitng chat phén tich trong luong nhu: Al, Cu
(I1), Ti (IV) va nhiing nguyén t6 khac.

Mot s6 hop chét ¢6 quan hé céu tric v6i hydroxylamine duogc thay thé da dugc kiém tra
va thao luan ki trong M, M, R,.

7.4.4. Tinh chét cua thudc thir

BPA (1) 14 nhitng soi kim loai nho, khong mau, diém nong chay 1a 121°C dén 122°C, bén
v6i1 nhiét do, anh sang, khong khi va khong phan huy tham chi trong acid vé co manh ngoai
trir acid Nitric (3N). Hau nhu khong tan trong nudc, hoa tan dé trong cac dung méi hitu co,
cling hoa tan trong nhitng acid v0 co c6 nudc, acid acetic, va dung dich ammoniac; kha
ndng tan trong nudc: 0,04g/100ml (25°C) va trong ethanol 96% 1a 10,9g/100ml (22°C). N6
la don baz cé tinh acid, pKa 8,2 (U = 0,1 NaClO4, 25°C); 9,13 (20% dioxane), va 10.20
(40% dioxane, 35°C).

CPA (2) 1a nhiing tinh thé vang xanh sang, diém néng chay 1a 158°C dén 163°C. Tuong
tu nhu nhtng tinh chat vat li va kha nang hoa tan cua (1); kha nang tan trong nudc:
0,022g/100ml (18°C), va trong ethanol nguyén chat la: 0,972g/100ml (18°C); pKa= 11,1.

BTA (3) 1a nhirng so1 kim loai nho, khong mau, diém nong chay 1a 104°C, twong tu nhu
tinh chat vat li va kha nang hoa tan cua (1).

Nhiing dung dich nudce cua (1) dén (3) thi khong mau va khong cho do hép thu trong
vung kha kién. Pho hap thu cta (1) trong viung cuc tim va dugc bi€u dién ¢ hinh 7.12.

Nhom chat phan tng nay thuong dung dé chiét nhiing ion kim loai da hoa tri dé bi thiyy
phan tir dung dich acid kha d¢am dic. Trong méi quan hé nay, su phan bd ciia BPA (1) gitta
chloroform va acid chlohydric d3 dugc xem xét ki va biéu dién ¢ hinh 7.13. Ti 1& phan bd
cua (1) ddi v6i cac hé thong khac dugc tom tit trong bang 7.14.
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7.4.5. Nhiing phan (mg ty nhién va tinh chat cta phirc

BPA duoc téng hop déq tién boi Bamberger, Nguoi da chu y rang no cho két tia mau véi
nhom nguyén t6 chuyén ti€p. Sau do, Shome da phat hién ra rang chat nay co6 nhtng thuan
loi hon Cupferron trong phén tich trong luong (Ksp d6i voi Gal; 1,6. 107°% InL; 7,2.107°").

Kha nang hoa tan cua nhiing kim loai ¢6 cang trong dung méi hiru co cling da mo ra kha
nang ngan cach cua nhiing ion kim loai bang phuong phap chiét dung moi.

Phan trng v6i ion kim loai c6 thé viét la:

M™ + nHL = ML,™" + nH"

100
aol- \
0o Chict
7ot
60 L L Lo
HCL (v
Hinh 7.13
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Bang 7.14: TY LE PHAN PHOI CUA BPA

Pha

D

CHCI3/H20 214




CHCI3/HCIO4 0,IM | 137+5
CHCI3/HCIO4 6M | 24+1
C6H6/HCIO4 1,0M | 23, a37b

a: Tong ndng d6 ctia BPA trong benzelne 13 1x10-3M

b: Téng ndng d6 cuia BPA trong benzene 1a 6x10-3M

Diéu kién tot nhat dé phan mg két tua giira nhitng ion kim loai duoc chon véi (1) va 3)
thi duoc tom tat trong Bang 7.15. Cu triic cia dang lién két cang cia ML, c6 thé dugc biéu

dién nhu sau:

\ yd
[\
N
AN,
/
\

-

Do kha ning hoa tan it ctia nhitng kim loai tao phirc nén rat it sd lidu san c6 vé nhiing
hang s6 6n dinh cua nhiing chat phan Uimg nay. Nhitng gia tri bao cdo dugc tom tat trong
bang 7.16.

O\(/

Bang 7.16: HANG SO BEN CUA BPA

Ton kim log log log log Diéu kién
loai KML KML2 KML3 KML4 Nhiét do H
Fe(III) 5,28 - - - - -
Ga 9,2 B2 18,0 B3 25,3 - 25 3 (NaClO4)
Hf 13,7 13,2 12,3 12,0 25 2 (NaClO4)
In 9,2 B2 18,4 B3 26,3 - 25 0,1(NaClO4)
Th - B27,67 - - 25 0,1(NaClO4)
Os(VIII) i . i B4 17,6 I\;hﬁggg‘-’ i

Nhitng két tia ctia nhitng phtrc kim loai di duogc liét ké trong bang 7.14 thi tan nhléu
hodc it trong nhimg dung méi c6 cyc hodc phan cyc. Nhitng cudc nghién ciru qui mé da tlen
hanh chiét nhing ion kim loai véi (1) nhung it tién hanh voi (2) va (3). Nhitng nguyén tb
ma c6 thé chiét duoc véi BPA (1) duoc tom tat trong bang 7.15. Gi4 tri pH ma tai do ion
kim loai c6 thé chiét dinh luong cling dugc biéu dién trén hinh 7.14.

Qua trinh chiét thuong duoc tién hanh trong dung dich acid manh dé dat dugc do chon
loc cua nhirng ion kim loai va dé tranh su thiy phan cia nhitng ion kim loai da hoéa tri. Sy
chiét trong dung dich aicd hydrochloric thi tot hon 1a trong aicd Sulfuric. Hinh 4 d¢én 9 minh




hoa nhiing dic trung chiét ctia nhitng nguyén té tir nhom IV dén nhom VIII trong hé acid
(1)—chloroform—hydrochloric.

Nhitng hing sb chiét va ti 1 phan bd cua nhitng kim loai tao phtrc v6i (1) va nhitng diéu
kién tot nhat cho qua trinh chiét ctia mgt vai nguyén td quan trong voi (1) duge tom tat lan
lugt trong bang 7.16 va 7.17. Khong ¢6 gia tri dinh luong san c¢6 cho (2) va (3).

Nhitng ion kim loai tao tia mau voi nhitng chit phan tmg nay cho dinh hép thu don
trong ving kha kién khi chiing duoc chiét vao trong mot dung moéi hitu co. Nhimg dang lién
két cang ctia Vanadium (V) véi (1), tiy theo tinh acid cta pha nuéc, duoc mé ta & hinh 10.
Titannium(IV) twong ty nhu V.

Nhiing déc trung quang phé cua phép phan tich kim loai quan trong véi (1), (2) va (3)
dugc tom tat & bang 7.18.

Sy tinh ché va nhiing chit phan tng tinh khiét:

(1) dén (3) o thé tinh ché d& dang bang cach két tinh lai tir dung mai thich hop.

(1) Ttr nuée nong, benzene, hodc acid acetic.

(2) Tt ethanol.

(3) Ttr dung dich ethnol.

(1) dén (3) dat dugc dang ket tinh t0t va do tinh khiét ciia ching ¢6 thé dwoc kiém tra
mot cach dé dang bang cach quan sat di€ém nong chay cua chung.
7.4.6. Ung dung héa hoc
7.4.6.1 Dung nhu 1a thudc thir két tua va phan tich trong lwong

Nhu m6 ta trong bang 7.14, BPA (1) dugc dung rong rai trong phan tich trong luong cho
mot s6 luong 16n nguyen t5. Sy ngdn cach cta ching khoi nhitng ion kim loai khac c6 thé
dat dugc dudi nhirng diéu kién duoc kiém soét bai pH va nhiing chit che, nhu 1a EDTA
hodc acid tartaric. Diéu kién thuan loi nhét cho su két tia vai nhitng ion kim loai khac véi
(1) duoc tom tat trong bang 7.14. Nhitng chét két tua véi (1) thuong cé thé can truc tiép,
nhung trong mot vai trudng hop chung phai duoc dét chay dé oxi hoa trudce khi can.

Ung dung quan trong nhét cta (1) 1a x4c dinh va ngin cach Nb va Ta 13n nhau, viéc xac
dinh tryc ti€ép Nb trong dung dich c6 sy hién dién ctia Ta va mdt s6 ion khac, sy ngan cach
Nb, Ta va Ti lan nhau, va viéc xac dinh Zn trong dung dich c6 sy hién dién cua Nb, Ta, Ti va
V.

Tuong ty nhu tmg dung dé xac dinh Nb va Ta va ngin cach ching khoi nhirng ion khac
duoc bao céo cho (2) va (3).

7.4.6.2 Str dung nhu chét phan Gmg trong qua trinh chiét

Nhu dugc mé ta ¢ hinh 7.14 va bang 7.19, nhitng nghién ctru rong rdi di tién hanh trén
qua trinh chiét dac trung va mdt vai sy ngan cdch madi cua nhitng ion kim loai vé1 BPA (1).

Sy chiét cua nhitng ion kim loai voi dung dich (1) trong dung méi khong tron 13n dugc
la mot chirc nang cua thoi gian lac, néng do cua dung dich (1), dung moi ty nhién, loai acid
v6 co, va tinh acid. Nhitng dung méi dé chiét 1a chloroform, benzene, va iso — amylalcohol,
trong d6 dung moi chloroform dugc wa dung hon.

Nong d6 (1) cao hon thi cin chiét trong acid sulfuric hon 1a acid hydrochloric. Trong
truong hop acid nitric, sy chiét tré nén it hiéu qua hon voi sy gia tang nong do acid, méc du
vay nitrate van duoc ua dung cho viéc chiét mot sé nguyén t6.



Sy chiét d6i v4i nhitng ion kim loai khac trong dung moi BPA (1) — chloroform — HCl
dugc minh hoa ¢ hinh 7.15 dén 7.20. Nhiing vi du déc trung vé sy ngdn cach nhimg nguyén
t6 khac bang dung moi ch1et v6i (1) duge tom tit trong bang 7.19. Nhitng nhéin t6 ngin cach
cho nhimng cdp nguyén t6 khac ciing duoc liét ké & bang 7.20.

7.4.6.3 Dung nhu chét phan tng tric quang

Nhu chét phan tng tric quang, BPA (1) da dugc nghién ctru rong réi hon nhiing chat
giong nhu no6. Nhitng phtrc ¢6 mau dam doé dugc chiét chon loc tir dung dich c6 tinh acid.

7.4.6.4 Xac dinh Vanadium

Vanadium (V) két hop voi nhitng chat ndy qua mét diy rong cia tinh acid, dang phirc co
thé duoc chiét véi chloroform. Tai pH 2,5, phtrc mau gu d6 duoc hinh thanh véi BPA (1) ¢6
su hién dién cua ethanol, nhung phan tng nay khdong c6 tinh chon loc. Trong acid
hydrochloric 5 — 9N, chiét véi chloroform tao phtrc mau tia, va h¢ mau tuan theo dinh luét
Lambert — Beer & budc song 530nm. Vi su gia ting ndng d6 acid hodc cé anh ning ban
ngay chiéu vao, ti trong quang hoc ctia hé s& giam.

CPA (2) da dugc dé nghi 1a chat phan tng chon loc cho V, nhung n6 khéng dac trung
cho V. Sau d6, (1) duoc khang dinh 1a chon loc hon, nhung van phan ung voi Mo, Ti, va Zr
cho phirc mau vang dén cam anh huong dén viéc xac dinh V ¢ dang vét. Cudi cung, BTA
(3) duong nhu ¢6 duoc tinh chon loc can thiét cho V. Trong acid hydrochloric 4 dén 8 N, (3)
1a chat phan tng dic trung cho V va c6 thé dung dé phan tich da va nhitng chét vo co. Phirc
mau tim dwgc hinh thanh trong dung dich acid hydrochloric, dugc chiét véi carbon
tetrachloride hodc chloroform va do & budc song 510nm. Chi c6 ion Ti la anh hudng nhung
¢6 thé che no6 bang fluoride.

* Céac bude xac dinh V trong d4 va cac hop chat vo co

Phan hity 100g mau & dang bot bang cach xir 1y véi acid sulfuric, nitric, va hydrochloric
trong chén Platinum, dun can acid sulfuric trén bép. Nung chay phan cin trong chén
platinum hoic tot nhét 1a trong chén silica v6i potassium pyrosulfate va chiét phan da nong
chay nay véi 10ml nude co chtra hai giot acid sulfuric 20N. Chuyén dung dich vao mot cai
phéu chiét va thém timg giot potassium permanganate 0,02M dén khi dung dich c6 mau
hdng, sau d6 cho du ti thiéu 5 giot dé oxy hoa V. Thé tich dung dich luc ndy nén 1a 20ml.
Thém 2ml dung dich acid sulfamic 0,05M, 2ml dung dich sodium fluoride bao hoa, va 20ml
dung dich acid hydrochloride ddm dac. Dung pipet thém 10ml BTA 0.02% trong carbon
tetrachloride hodc chloroform (khong c6 ethanol), dong lai va lac phéu trong khoang 30
gidy. Sau do, c6 su ngan cach pha, loc 16p dudi qua mot tAm xdp vai cotton vao mdt cai lo
nho. Po d6 hip thu cta dung dich dbi véi mot mau tring & bude séong 510nm.
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7.4.6.5 Xac dinh Titanium

Titanium (IV), nhu V(V), hinh thanh dang phtrc khac véi (1), tuy thudce vao tinh acid va
pha nuéc. Trén pH 1, mau ctua phtc (TiOL,) thi it manh li¢t hon so véi1 mau thu duoc tai
nhing d6 acid cao hon va mau cé tinh chon loc hon ddi véi nhiing thay doi gia tri pH. Khi
ndng do acid hydrochloric ting dén 2N, mau cta dang phtc TiL, duoc hinh thanh (Ap. =
355nm, trong CHCL;). Trong dung dich acid hydrochloric manh s€ cho dang phttc ML,Cl,
(Amax = 380nm, trong CHCIl;). M6t luong du chloride gitr cho dang ion U (IV) khong phan
tmg véi (1). Néu i ion thiocyanate dugc thém trudc khi chiét Ti tir dung dich acid vao trong
chloroform, mau sic ting mot cach dang ké, hau nhu chic chan 1a do dang phiic ba
ML,SCN. Gidng nhu anh hudéng da duoc ghi cha véi (2) va (3).

* Thu tuc xac dinh Ti trong hop kim

Pé mot ti 1& dung dich mau (khong chira nhiéu hon 100pg Ti) trong phéu chiét, thém
mot lwong vira di dung dich acid hydrochloric dam dic dé acid hoa dung dich cudi > 9,6N.
Thém 10ml dung chloroform 0.1% BPA vao dung dich nay va lac 1 den 2 phut, loc 16p dudi
qua mot gidy loc kho va do do hap thu tai budc song 380nm dbi voi mau tring.

‘ Su hién dién cua Fe, Sn, W, V, Zr, va Mo (IV) trén mot vai miligram néu duoc giém}
bang Sn (II) thi khong c6 hai. Phic c6 d6 hap thu toi da tai 371nm, nhung né thuong co the
do ¢ 380nm boi vi d§ hap thu cua chat phan Gng tai bude song nay thap hon.

* Nhirng déc tinh khac st dung

(1) dugc dung la mot kim loai chi thi trong phuong phap chuan do tao phuc cua In (III),
Fe (III) Ti (IIT) va V (V). Phuong phap tao mau d6i véi mot sd lwong 16n ion kim loai trén
gidy hap thu voi (1) d3 duoc nghién ctru ki dé tach hodc tron 1an nhitng ion kim loai.

Bang 7.17: PIEU KIEN TOI UU BE CHIET ION KIM LOAI VOI BPA

Ion kim . Nong d(? cuaABPA trong; thoi gian cdn | ndng do ion kim %
loai acid CHCl; (% khoi lugng/thé 3 , 2. £
oai tich) bang (phut) | loai toi da (mg/ml) | chiét
. HCl
Bi(II) 0.IN 0,6 10 8 99,4
Ga pH=3,1 1,0 12 10 99,4
In pH=353 1,0 10 10 99,2
Pb pH=9,0 1 10 12 97,4
HCl
Sb(I1T) 0.IN 0,5 10 10 93,1
HCl
Sn(IV) 0.8N 1 10 10 94,4
Sn(IV) | HCI 4N 1 10 10 96,1
pH =
TI(T) 10,5 0,7 8 8 99,7
Bang 7.19: TACH BANG DUNG MOI CHIET VOI BPA (1)
. Diéu kién chiét
Km.l Tu Nong d6 cla
loai Acid Dung mo1 BPA (1)
: (NH4)2CO0O3 — (NaBO3)6 + acid 0
Al Urani thioglycollic + KCN + H202 Benzene 0,2%




Fe,Ti | Al H2S04 0,5N CHCI3 1%
Pa T[?’ HC1 > 10N + F- 0,025M CHCI3 1%
Ta Pa HCI IN + F- 0,4M CHCI3 0,5%

_ Iso- o

Th La pH =4,5 (HCI) AmOH 3%
. Iso 0

Zr, Ti Sc HCI1 2 -5N _AmOH 3%

Bang 7.20: HANG SO TACH CUA CAC CAP KIM LOAI VOI (1)
Tach Piéu kién chiét Hiine s6 thch
Chui yéu | Tht yéu Acid Nong do CHCI3 (%) £

Ga In pH =3,1 1 104
In Pb pH=53 1 104
Nb Pa HCI IN + HF 0,05N 0,2 103

Pb Tl pH=9 0,7 6x102
Sn (IV) | Sb(V) HC1 0,8N 1 102
Sn Ph HC1 0,8N 41&3@(: HClO4 | L04

VI.5.ACID CHLORANILIC VA NHUNG DAN XUAT KIM LOAI CUA NO
CTPT C4H204C12
KLPT = 208,99

Cl OH

HO Cl

7.5.1. Tén goi khac
3,6-Dichloro—2,5—dihydroxy—p—benzoquinone.
7.5.2. Ngudn gdc va phuong phap tong hop

Dang acid ty do va nhiing dan xuat kim loai cia n6é nhu Ba, Hg (1), La, Sr, Th va Zr
Chloranilat c6 thé mua duoc trén thi truong. Acid Chloranilic dugc diéu ché bang cach thity
phan chit kiém Chloranil. Nhitng Chloranilat kim loai dugc diéu ché bang phan tmg cta
acid Chloranilic véi mubi vo co trong tng trong nudc nong.

7.5.3. Ung dung trong phén tich

Acid Chloranilic ty do dugc sir dung nhu chét phan tng tao tia cho nhiing ion kim loai
ning, da hoa tri va ciing 1a chat phan Gmg 1én mau dung trong phép do quang cho nhiing ion
kim loai dua trén co s& trén phan ung tao ttia. Nhitng Chloranilat kim loai dugc st dung nhu
1a chat phan tng dung trong do quang cho nhimg anion dya trén sy phan Ung cua
Chloranilat kim loai tao thanh mudi kho tan v&i anion xac dinh va dong thoi 1a sy phong
thich ion acid chloranilat (HL") ¢6 cuong do mau cao.



7.5.4. Nhiing tinh chat ctia acid Chloranilic

Tinh thé c6 mau do cam (dang bot) nhiét d6 nong chay 283°C dén 284°C. No co tinh
acid baz, pH ctua dung dich (nudc) bao hoa la khoang 2, pKa, = 0,81+0,01, pKa, =
2,72+0,05. N6 ¢6 xu hudng thang hoa.

N6 thi hoa tan rat it trong nudc (3,0 g/l & nhiét d6 phong) cho dung dich mau tim, mau
tuong tu mau cia dung dich KMnO,, d& dang hoa tan trong dung dich kiém hodc trong nude
néng, khong hoa tan trong hau hét cac dung méi hitu co ngoai trir alcohol. N6 phan tmg voi
nhiing ion kim loai da hoa tri va ion kim loai nang cho két tiia khé tan tir nau dén tim.

Trong dung dich nudc c6 3 dang (H.L, HL , L*), ion acid Chloranilat (HL") phan b véi
méit do cao nhit trong pham vi pH = 1 — 2. H1nh 7.22 minh hoa cho sy hip thu quang phd
cua HL trong mién nhin thay duoc. Peak biéu thi cuong do cao nhét & pH=1-2,n6 giam
di phan nira so v6i truée & pH = 5 va khong thay d6i thém nita & pham vi pH = 5 — 12.
Gibng nhu peak duogc theo dbi trong mién UV (Amex = 332nm).

Trong dung dich thi khong bén voi anh sang va phai mau dan. Dung dich can dugc bao
quan noi t6i, mat va tot nhat dé & pH thap.

Khi dung dich nudce cua acid chloranilic dugc tron voi dung dich ion kim loai, cé sy thay
d6i mau sic do su cu thanh phic “vong cang” va trong vai truong hop tao tia kho tan
Chloranilat kim loai, trong dung dich lic d6 mau tim cua dung dich nhat di. Phan ng tao
tha thuong dung cho dinh lwong va mau cia tia gdbm nhiéu loai khac nhau tir ndu dén tim.
Nhitng Chloranilat kim loai ning va da hoa tri thi sy hoa tan bé hon nhiéu so véi acid
Chloranilic. Nhitng dic trung ndy lam nén tang cho st dung trong phan tich kim loai.
Nhitng phan tng v6i nhirg ion kim loai khac nhau dugc tom tit trong bang 7.21.
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Mot vai Chloranilat kim loai ¢6 kha ning hoa tan vao trong nudc va di theo sau 1a hang
s0 can bang dugc xac dinh trong dung dich nudec.



K
ML
M+ [ ML™?
2

IM™ 4 L2— <:> M2L2m'2

Log K cua Fe (III) 1a 5,81; Ni (II) 1a 4,02 } (25°C, 1=0,15)
: o

M* + HL <«—® ML* + 2H"

Log Kcua Hf (IV) 14 3,73 (25°C, u=3 (HCIO4))7

Zr (IV) 13 5,76 (25°C, p = 2 (HCIO,))*
K

ML* + HL <> ML, + 2H"
Log Kcua Zr (IV) 12 3,78 (25°C, p = (HClO4))8

7.5.5. Nhiing tinh chat cta thudc thir

Trén thi trudng co6 cac loai san pham Chloranilat cia Ba, Hg (I), La, Sr va Th n6 ¢
nhimg dang tinh thé khan mau nau dut hoic & dang bot mau den. Mudi Bari dugc - cung cap
(mua) & dang két tinh hydrate, n6 l4p lanh anh sang gidng nhu kim loai. M6t mau ¢& nho
thuong khong ddng nhét, tuy thudc vao diéu kién didu ché.

Nhitng din xuat kim loai nay thi hau hét khé tan trong nudc ciing nhu trong hau hét cac
dung méi hitu co, ngoai tror maot sb dung méi cé sy phan cuc hon, vi du: ethylenediamine,
methyl cellosolve, acid acetic, pyridin, tetra—hydrofuran...

Bang 7.21: PHAN UNG CUA ACID CHLORANILIC VOI ION KIM LOAI TRONG
DUNG DICH NUGC

Ion kim loai | Cam quan Ion kim loai Cam quan




Ag ppt Mg phai mau
Al khong co su thay doi, Mn(Il) oot
phuc Ca gay can trd

Be d6 tham Mo(IV), W(VI) | phai mau
Ca, Ba, Sr | ppt Na, K phai mau it
Cd, Zn ppt Ni(II) tim

Co(IIT) ppt Pb ppt

Cr(IIT) tao phurc Sn(IV) ppt

Cr(VI) vang Th tim sang
Cu(II) phai mau Ti phai mau
Fe(II) mau dam hon TI(T) phai mau it
Fe(IlI) mau ddm hon uv) nau
Hg(AI) | ppt Zn ppt

Hr, Hf d6 choi dat hiém ppt

Do tan cua Bari Chloranilat trong nudc la 2,2.10"°M va trong nudc ethanol (1:1) la
5,2.10°M. Mac dl‘{ d6 tan cua nhirng dan xuat kim loai thi khong biét duoc chinh xac, nhung
dd tan do cd thé gan ding trong nhitng nguyén tac chung cua Bari chloranilat.

DJ tan cia Canxi chloranilat trong nudc thi tuy thudc vao pH, d6 tan nho nhét & pH =
4,4. Do tan 8,1.10° & pH = 3 va do tan 1,8.10° & pH = 7, c6 thé so sanh véi do tan Canxi
oxalat.

Khi bac chloranilat khé tan dugc lic véi dung dich nuéc chua ion CI, két tua AgCl va
giai phong ion Chloranilat acid c6 mau tia hoi do, dugc biéu dién nhu sau:

AgL+2ClI'+ H =2AgCl + HL-
(ran) (rin)

Ton CI ti 1¢ twong ung véi lugng ion chloranilat giai phong ra né dugc xac dinh bang
phép do quang & A = 530nm (€ = 200) hodc ¢ 332nm. Nguyén tic ndy c6 thé ung dung
xac dinh nhitng anion khéc.

Trén phan ng:

ML+ X = MX +L-
(rin) (ran)

O day X 13 anion can xac dinh va ML Chloranilat kim loai khé tan, ML phai hoa tan it
hon nhiéu so véi MX. Yéu cau viéc lua chon thich hop chloranilat kim loai, hé théng dung
moi va pH. Mot vai chloranilat kim loai quan trong dung dé xac dinh nhing anion tuwong
ung c6 danh sach trong bang 7.22.



Bang 7.22: CHLORANILAT KIM LOAI VA NHUNG PHAN UNG VOI ANION

Chloranilat

Dau

G161 han xac

kim loai hiéu Anion Diéu kién PTPU dinh (ppm)
tinh
2 pH 4,0 - 4,6; 2- + -
BaL | M |50 | tongsove | SOFBaLEH —HLUL o5 00
nau + BaSO,]
tm ethanol, pH 8
. dém NH.CI H;BOs+Bal+tartarat
3 s _
BO; Tartarat — HL + phirc Ba—borat 0,310
bot :
A ] pH 4, trong iso- | 2F +SrL+H"— HL. +
StL EZE F PrOH StF, | >
bot
i } 2CI+AgL+H" —»HL +
AgL ))((21111}11 Cl — 2AgCl | —
bot 0 . N ]
Hel <anh Cr pH 2, trong 50% | 2CI"+ HgL+H" — HL + 0,05 — 200
thim methylcellosolve HgCl,
bot 6F +ThL, + 2H" —2HL"
N i pH 7, trong 25% +ThF* hodc B
ThL, EZE F Methylcellosolve | 2F + ThL, + H"— HL + 0,01 100
ThLF, |
0-10, CN,
Cul bot g B S*+CuL+H" — HL + oxalate,
nau do CuS | tartarat, citrat
gy trd ngai
bot pH 6,5 — 7, trong
Lal <am o 50% Ethanol 6F + La,L; + 3H" 2200
2 den hoic trong 50% —3HL + 2LaF?|
methylcellosolve
3. n
PO.* pH 7 2POs" + LaoLs + SH'— 3-300

3HL + 2LaPO, |

7.5.6. Tinh ché thudc thur

Acid chloranilic c6 d6 tinh khiét cao bang su két tinh tir nudc noéng. san pham trén thi
truong thuong c6 do tinh khiét cao. Nhitng kim loai (tap) c6 thé xac dinh duogc trén tro
sunfat. N6 c6 thé duoc thir nghi¢m bdi mot thiét bj do acid trong dung dich nudc voi phan
tich trong luong ciia chloranilat kim loai (vi du két tia mudi canxi ¢ pH 4,4, ké tiép dem can
sau khi say kho & 105°C).

Chloranilat kim loai dung x4c dinh anion s€ doi hoi nghiém ngét trong hoa hoc luong
phap va nhiing chit 1am nhiém nhu cation trong mudi hoa tan thi khong vuot quéa gi6i han
va cang khong du acid chloranilic. C6 thé kiém tra dugc khi rira mau, di theo sau d6 1a phan
tich nhiing cation c6 trong phan nuéc loc. Sau cung cé thé xac dinh theo quy trinh.

7.5.7. Ung dung trong phan tich
7.5.7.1 Str dung nhu la thudc thir tao tia




Nhiing cation tao tia dugc véi acid chloranilic c6 thé xac dinh bang phuong phap trong
lugng hoac mdt vai phuong phap khac. Mt vai vi du dugc tom tat trong bang 7.21.

7.5.7.2 Str dung nhu 1 thudc thir trong phép do quang cho nhitng cation

Tuy thudc vao phuong phap phan tich dinh luong, sy giam do hap thu dung dich cua
agid Chloranilic du c§ néqg do bié:c trudc bang tao tua khong tan thoranilat kim loai. Su
hap thu dugc do ¢ phan chat long ndi bén trén sau khi li tAm hodc phan nudc loc sau khi loc.

C6 thé lya chon, Chloranilat kim loai khong hoa tan tach ra duoc hoa tan trd lai trong
acid m‘anh hodc dung dich kiém EDTA va ion chloranilat (HL") dugc phuc hoi va cé thé xac
dinh bang may quang phd. Quy trinh nay doi héi sy chinh xac cao.

Phuong phép khéc thuong dung hé sé hap thu cta chelate hoa tan duoc nhuém mau cao
cua acid chloranilic v6i ion kim loai. Chang han Zr(IV) hodc Mo(VI)

Bang 7.23 tém tit mot vai quy trinh do quang cta nhitng cation. Dung dich nuéc cua
chloranilic acid hodc chloranilat natri c¢6 noéng do thich hop thuong dwoc su dung,
chloranilic acid thi 6n dinh hon. Dung dich nén giit noi t6i mat. Dung dich chuan cho do
quang dugc pha ché khi can.

7.5.7.3. Str dung nhu 13 thudc thir trong phép do quang cho nhitng anion

Nhitng anion c6 thé duoc xac dinh voi su hap thu quang pho, sir dung chloranilat kim
loai kho hoa tan, co s& trén nguyén tic miéu ta phan trén. Trong nhiéu truong hop, noéng do
ion acid chloranilat ty do thi do & budc séng 530 nm. Nhiéu thi du vé do quang xac dinh
nhirng anion str dung chloranilat kim loai duoc tom tét trong bang 7.23.

Bang 7.23: XAC PINH QUANG PHO CUA NHUNG KIM LOAI VOI ACID
CHLORANILIC

Ion kim Didu kien Budc song | Pham vi xac
loai i xac dinh dinh (ppm)
Bz;nSr, pH 5 — 7, sau khi lgc acid chloranilic 0 530nm -

trong acid yéu acid chloranilic (acetic acid, HCI)

Ca sau khi loc

0 550nm —

sau khi li tAm rtra bang PrOH acid chloranilic

Ca sau hoa tan kiém EDTA 5%

0 520nm 40 — 400

chiét véi MIBK tir HC1 6M, Mo chloranilat & + \
Mo(1V) HF 0,4M, sau d6 chiét nuGe 0 350nm 0.5-9.,6

H,S0. 0,18 M, c6 thé tach ra, Nb chloranilat

Nb duoc chiét véi MIBK tir H,SO, 6M + HF 2M. | 340nm 0.2-04
pH3 -4, ML,L 0 335nm —
WVD Ph <2 ML
HCIO, IM + LiClO4 1M; Zr chloranilz}t di theo
Zr la nhitng kim loai s€ tach ra, dugc chiét tr HCI1 0 340nm 0,02-2

4M v6i 7,5% tri-n—octylamine trong benzene

VI.6.NHUNG HQP CHAT POLY (MACROCYCILIC)
7.6.1. Tén goi khac

Nhitng hop chét poly (macrocyclic) nhu 14 nhitng crown polyether (cong thirc cdu tao
ctia n6 6 hinh dang nhu 1a vong vuong niém) va cryptand (polyazo—polyeste da vong 1on, &
d6 cac nguyén tir nito ba phdi tri chi ra cc dinh cta cau tric ba chiéu ), ma chiing c6 thé ua




dung trong phéan tich hoa hoc va da dugc tém luot vé cac dang va tinh chét vat 1y cta ching
trong bang 7.23. Tén goi clia nhitng hop chat nay duoc goi theo qui luat IUPAC thi rat 1a
cong kénh, thong thuong goi 1a “crown” va “cryptand”, thudng dugc st dung cho nhiing
polyether mét vong va hai vong theo mot cach trét tu da co dinh san. Trudce day, thi cho ta
biét duoc téng sd nguyén tir trong mach vong polyether, “crown” va s6 nguyén tir ~OXi trong
mach vong chinh. Con sau nay thi cho biét “Cryptand” va s6 nguyén ttr oxi trén mdi lién két
cau.

7.6.2. Ngudn gbc va phuong phap tong hop

Tat ca nhitng hop c}lét thudc thtr da duoc liét ké trong bang 7.23 thuong dugc st dung
trén thuong nghi€p. Tong hop cua nhing loai thude thir nay duoc dung trong phong thi
nghiém va moi thuoc thir dugc dan ching trong bang cé két qua riéng biét trong qua trinh
tong hop.

7.6.3. Ung dung

Nhitng chét tao phirc trong phan chiét dung méi, va do tric quang dé xac dinh oxit kiém
thd va nhiing ion kim loai kiém

7.6.4. Tinh chét cua thudc thir

Nhitng thudc thir crown tir (1) = (6) thudng tan it (& mic d6 khong dang ké) trong nudc
va trong dung moi hiru co. Ngoai trir CH;Cl, CCls, Pyridine (CsHsN) va acid formic. Vi du
nhu 1a d6 tan cua (3) trong nhitng dung moi1 hitu co khac nhau da dugc tom lugc trong bang
7.24.

Do tan cta nhitng hop chit crown trong nudc giam va ting khi nhiét do ting, nhu thude
thr (5) bang 7.25, nguyén nhan 1a do su pha vd cua cac lién két hidro gilra oxi ete va nudc
két hop (nudc hydrat hod).

Ty 1& phan bd (ty 1é cac nong do ciia chat tan da cho trong cac thé tich nhu nhau cia hai
dung mo1 khong tron lan dugc sau d6 hon hop duoc lic va su can béng da duoc thiét 1ap)
cua (5) gitra benzene va nudc 16n hon 170 ¢ 25°C, cryptand (7) = (9) dugc coi nhu 1a co s&
diacid va hang sb phan ly proton ciia acid lién hgp dugc thong ké trong bang 7.29

7.6.5. Phan g tao phtc va tinh chit cta phuc chat

Nhitng hop chét poly (macrocyclic) duoc biét dén nhu 13 phdi tir ma hé sb ty luong cta
chung bén vimng khi tao phirc cation. Pac biét quan trong 1a phai phui hop véi nhiing ion kim
loai kiém cua chung, khong tao phtc véi nhiéu chi s6 phdi tir cho nhimg ion kim loai
chuyén tiép.

Nhitng thube thir (1) > (9) 1a nhitng dang phtic ¢6 tinh thé bén va sé& tao phirc voi cac
cation : Li, Na, K, Rb, Cs, NHs, RNH;, Ag(I), Au(l), Ca, Sr, Ra, Zn, Cd, Hg(I)(II), La(III) ,
Ti(I), Ce(III), va Pb(II).

Trong sO cac cation do thi (5) ciing tao phtrc véi Co(Il), U(VI) va mot sd ion kim loai
chuyen tiép. Nhimng phdi tir bio hoa (5) va (6) 1a nhiing chit tao phtc tot hon nhitng hop
chat thom twong tmg (2) va (4).

Nhitng thudc thir nay c6 nhing 16 dudng kinh khac nhau ¢ trung tim vong macrocycle.
Nhirng cation khong tao phirc cling c6 ban kinh riéng biét. Hau hét phirc bén thudng két hop
v0i cation ma chung c6 thé gin khit vao nhiing 16 ho cua ph01 tr. Tuy nhién phu thudc vao
su lién quan cac 16 ho va cation, ti s giita phtc cta phdi tir/cation: 1:1; 3:2 va 2:1 ciing
duge biét trude. Cau tric cua nhimg phirc nay duoc hién thi dudi dang h1nh 7.23
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Bang 7.25: DO TAN CUA DICYCHLORHEXYL — 18 - CROWN - 6 (5) TRONG NUGC

Dung mdéi | Nhi¢t d6 | B0 tan (mg/ml)
Nudc 26 13,4
Nudc 53 8,2
Nudc 82 3,7

KOH IN 26 331

KCI IN 26 > 346

Béng 7.26: DO TAN CUA KIM LOAI KIEM KHI KET HGP VOI HALOGENUA TRONG
DUNG MOI HUU CO KHI CHO 50mM DICYCHLORHEXYL — 18 — CROWN - 6 (5)

Do tan (mM)*
Dung moi Methanol (mM) NaCl | NaBr | k€1 KrB KI
Benzene 0 0,01 | 1,8 (())3 2,3 19,2
250 0,48 | 24 ’8 7 30 | 46
: 0 0,03 | 2,7 ’ 4,1 10,8
Carbon tetrachloride 250 L1 28 g,g 34 | 15
0 1,8 37 ’ 41 | 43
Chloroform 250 57 | 41 gi 44 | 44
: 0 1,8 35 41 | 43
Methylene chloride 250 5.8 42 ;,; 47 | 44
0 0,02 | 1,2 3,6 | 45
Tetrahydrofuran 250 0.04 5 8,411 3 |50

Nong d6 ctia mubdi sau khi khudy dung dich polyether voi mét lwong vira du dé duoc
50mM dung dich.

Bang 7.27: PO TAN CUA DIBENZO - 18 - CROWN - 6 (3) TRONG METHANOL KHI
CHO 50mM MUOI VO CO O 30°C.

Mudi v6 co (25mM)

D¢ tan cua (3) (mM)

Khong muoi
NaSCN

1,1
23,6




KF 24,7
RbSCN 25,6
AgNO3 22,2
SrC12 17,9
BaCl2 26,6

O bang 7.24 thi do tan cua polyether macrocyclic trong dung méi hitu co khong cao,
nhung trong dung dich sy hién dién ciia mubi vo co, nhitng phdi tir va mudi phic sé lam
ting d6 tan cia chung dang ké. Mot vai vi du duoc cho trong bang 7.26 va 7.27 khi cho
thém dung méi phdi tri nhu 13 methanol thi d6 tan ctia chiing ting rat nhiéu ch i ra trong b
ang 7.26. Mic du d6 tan nhitng phirc chét ciia cation dugc thé hién rd rang, anion ciing dong
vai trd quan trong. Nhitng mubi ciia anion “cimg” nhu 1a F~ va SO thudng thi khong tan
trong nhitng thudc thir nay, trong khi d6 nhimg mudi anion “mém” nhu 1a I', SCN" va picrate
thi tan dé dang hon.

Thubc thu chang han (3) va (4) c6 mot dai hap thy tai 275nm (trong methanol) vi nhimng
vong thom. Két qua mau véi cation dan dén sy thay d6i dang cha ¥ trong diy nay duoc
miéu ta trong hinh 7.24.

1.6
1.4
1.2
1.0
0.8+ B
0.6 i
0.4
0.2

——
i

I
-

KL - SCN

I
i

Absorbance

T
I

1 | | R ¢ L | |

0 1
240 260 280 240 260 280
Wavelength (nm) Wavelength (nm)

Hinh 7.24
Bang 7.28: HANG SO BEN CUA MOT SO POLYETHER VONG (VUONG NIEM)
Phéi tir Dufl_g LogKML (250, p=10"-10%)
mol Li Na K | Rb| Cs [NH4|Ag| Ba | Sr | Cs
(2) W - | <03 ,36 - 108 | 1,1 16’ ; ; ;
M - | 432 ’160 - ,gz - - - - 1,30
3) WIT | - | - i ’315 A
M - | 436 ,30 - 535 2,92
@ Wl e sl s o | M5 5r ;e
(isomer A) Moo 408 ,(?1 i ,gl A XY




1,2 - 1 0 | 3 2
“ W ] 6 | 7887 [ %1827 64| -
(isomer B) M - 3,68 > - 3 - - - - 0,9
’ ,38 ,49 ’
4) 5 3
Rha tron M - 4,05 35 - 85 - - - - -
isomer
3 3
) M . ] 491 T 178 | T i ]
(6) M - - - - 19| - | - - i _
Trongdo:  W: nudec.

M: methanol.
W/T: ti 1€ pha tron gitta nudc va THF 1:1.

Hang sb bén ng v6i nhirng phirc poly (macrocyclic) — cation dugc tom gon trong bang
7.28 va 7.29 . Hang sO bén cua moi cation 16n nhat khi gia tang kich c& vong polyether.
Kich thudc vong t6i uu ndy cung cap cho sy phu hop gitta cation va phéi tir. Pugc miéu ta
trong hinh 7.23.

Phtrc chét cation dugc tao thanh giita crown polyether va nhiing ion kim loai, chiing ¢
thé duoc chiét bang nhimg ion thich hop ma nhiing anion d6 khong tron 1an dugc vao dung
moi. Pham vi cta su chiét bj anh hudng béi nhiéu yéu t6 nhu 1a hing s6 bén cua phirc, cac
loai polyether, anion va dung méi. Qua trinh chiét thuong duoc st dung trong phép phan
tich.

Bang 7.29: HANG SO BEN CUA MOT SO CRYTAND POLYETHER

P‘E’f 1 Izrlllcf)llg PK1 | PR2b Li | Na K II{JbogKNg; Mg | Ca Sr
W [7,28] 9,60 | <20 | 3,9 | 54 |435[<20[<2,0] 44 ] 80
(7) | M/W [6,64] 9,85 | 1,8 |7,21] 9,75 | 8,40 | 3,54 | <2,0 ,670 11,5
M - - 2,6 |>8,0[>7,0]>6,0]| 44 - - -
W |7,50]10,53| 2,50 | 5,40 | 3,95 | 2,55 | <2,0[<2,0 ,965 7,35
(8) M/W | 6,60 | 10,42 | 4,18 | 8,84 | 7,45 | 5,80 | 3,90 | <2,0 ,691 10,65
M - - [>50]>80[>70]>6,0]~50] - - -
W |7,85]10,64| 5,5 | 3,2 |<2,0|<2,0[<2,0]| 2,5 520 <,2,0
©) M/W [ 6,56 | 11,00 | 7,58 | 6,08 | 2,26 | <2,0 [ <2,0| 4,0 21,3 <2,0
M - - [>60]61 ] 23 | 19 |<20] - - -

Trong d6:  W: nude.
M: methanol.
M/W: ti 1€ pha tron gitra methanol va nudc (95/5).
* Hang s6 phan ly proton cua acid lién hop.
Bang 7.30: HANG SO CHIET CUA CROWN POLYETHER




Ao : A 1A LogKML (250, u= 10" - 10?)
Phoi tur Anion Phan b6 | LogDLb ilnal K RE Cs Ca
(2) Picrate B/W -1,24 - 13,31]6,00]5,43 | 4,28 -
(3) Picrate B/W 290 |29 4,6513,75] 3,07 -
Picrate DCM/W - - - 10,85 - - -
(5) Picrate DCM/W - - 14,1816,32| - - -
Picrate Hex/W - - - 13,58 - - -
(5) Picrate DCM/W | 3,60 - - 16,60 - -
(isomer A) Picrate Hex/W 0,79 i ] - - - -
(5) Picrate DCM/W 3,56 - - 6,04 | - - -
(isomer B) Picrate Hex/W 0,85 - - - - - ]
(5) Picrate DCM/W - - 1420(16,36| - - -
2,5-
Dinitrophenol DCM/W ) ) - 398 - ) -
2,6-
Dinitrophenol CM/W ) ) - | 426 - - -
Dipicrylamine | DCM/W 7,81 17,81 - - 10,23

Trong do:Hex/W: n — hexan / nudc.
DCM/W: dichlorometan / nudc.
B/W: benzene / nudc.

7.6.6. Tinh ché thudc thir

Nhing thudc thir Crown polyether va cryptand polyether da co san trén thuong mai
thuong co do tinh khiét cao va hau hét thuong duoc sir dung trong hoa phan tich. Nhimng
thudc thir cryptand polyether thi kha dit va co thé tai tao lai boi nhitng qui trinh sau:

Ho4 hoi dung dich kim loai cryptate trong dung moi khac, lam khoé trong chan khong &
107 Pa tai nhiét d6 phong. Hoa tan chét ran (0,1 — 0,2g) trong 20ml dung dich HCI 6N, lam
néng va hoa hoi lai & 107 Pa. Hoa tan cin, bao gdm mudi kim loai va diprotonated cryptand
trong 20ml dung dich HCI 0,IN (néu dung dich gbc co chtra nhiéu anion khac nhau thi
chuyén nhirng mudi ay thanh dang chlorur). Sau d6 tach rira nhimg ion kim loai bang 150ml
dung dich HC1 0,IN. Cudi cung tach rira cryptand bang 120ml HCI 6N. Lam kho dung dich
trong chan khong dé thu dugc phéi tir diprotonated.

7.6.7. Ung dung trong phan tich

Thay thé nhiing tinh chat ctia hdp hop poly (macrocyclic), hon nua thé ki da troéi qua cho
dén by gio thi ching va chat dan xuét cua chung da duoc chap nhan nhu 13 thubc ther trong
phép phan tich. Nguyén nhan chinh cia thudc thir nay 1a khong cé dau hiéu dé nhan biét
trén phirc chat kim loai. Tuy nhién, hién gid thi chiing duoc dung 1am thudc thir dung moi
chiét cho viéc tach cac ion kim loai nhu la ion trung tinh mang nhiing electron chon loc.
Trong sd nhiing thude thir 4y di duoc st dung mot cach thanh cong trong san phdm thuong
mai. Tuy nhién nhiing hinh dang ciia chiing nam ngoai cuén sach tai liéu nay.

Trong nhitng ing dung phan tich khac bao gom polymer thi ¢ chira nhiing chirc ning
polyether trong viéc tach cac ion kiém va xac dinh Hg(Il) trong HPLC. Song, nhing tmg
dung duogc quan tdm 13 x4c dinh chiét tric quang cia ion kim loai kiém bang cach dung
crown polyether.




Phuong phap dau tién dya trén co s hinh thanh phtic chon loc ciia crown polyether véi
ion kim loai kiém, ti€p theo chiét dung moi cua nhitng cdp ion véi ion mau tot nhu la
Bromo Cresol Green, picrate, va diazoresorxin (C;,H;O4N).

Phuong phap thi hai 13 gidi thi¢u vé thude thir chromogenic polyether, ma thudc thir d6
duoc chon dé 1én mau khi tao phirc voi cac ion kim loai kiem.

4’—picrylamino—5’-nitrobenzo—18—crown—6, thudc thir ciia Takagi — CyH,sNsOy4 (HL)

M = 583,47 dvC.
1]
MNH
WXL
0N 0 0
K/D\)

Tinh thé hinh kim mau d6 cam, néng chay ¢ 162 — 165°C, khong tan trong nudc, nhung
tan trong cac dung moi hiru co va c6 pKa = 8,79 (10% dioxane, i = 0.1 LiCl). Dung dich
mau cam cta Chlorofrom khi hoa tron trong dung dich ion K+ (v&i bude song cuc dai hap
thu Amax = 345 — 420 nm, € = 1,49.10* va 144.10* dung dich dém mubi Li véi EDTA pH =
12,35 ). Chiét ion K* bang CHCls, dung dich chuyén mau tir cam sang d6 v&i Ap = 457
nm, £ = 2,12.10%, 4 — 40ppm K". Gi4 tri logK trong CHCI;/H,O 1a K" = -9,13; Rb" = -9,24;
Cs" =-9,54 (250, pH = 12,35; 0,1M EDTA —4Li).

Bang 7.31: QUANG PHO PAC TRUNG CUA THUOC THU PICRYLAMONOCROWN

HL L-b
Thudc thir Amax Amax AX (nm)
(nm) € (x104) (nm) € (x104)
Thudc thir goc (a) 390 1.30 445 2.00 55
ATF 425 0.64 585 0.44 160
6TF 380 1.33 460 2.08 80

Trong do: (a): 4’-Picrylaminobenyl-15-crown-5
(b): phu thudc vao phuc cation kim loai kiém trong cac 16 hé Crown.

C6 sy thay dbi cua thudc thir Takagi. Sy thay thé ctia mot trong nhitng nhom nito cia
mot nita picrylamino bang nhém trifluoromethyl s€ mang két qua cho sy thay thé gitra’ thudc
thir ty do va phtrc kim loai hon 1a hop chét gdc. Quang phé dic trung cia nhing thudc thir
d6 duoc tom luot trong bang 7.31 khi st dung thude thtr 6-TF va n6 co thé thyc hién trong
viéc x4c dinh ion K* 5 — 700ppm bang phuong phap trac quang (pH > 11 vdi triethylamine,
chiét bang CHCL;). Na’, Cs" va nhiing kim loai kiém tho khong bi nhiém, nhung Rb" bi
nhiém nghiém trong.



il
!
[ s
II\/D J
Nitrophenylazo—15—crown—5,2—Hydroy—5—(4’—nitrophenylazo)phenyloxymethyl—15—
crown—>5.C;3H2oN3O9 ; M = 491,49 dvC.

Tinh thé d6 thdm, nhiét d6 néng chay 45 — 55°C, tan trong cic dung mdi hitu co pKa =
7.97 (10% dioxane, 4 = 0,1 (CH3)sNBr, 25°C). Khi dung dich mau vang 1,2—dichloroethane
(Amax = 390nm, € = 1,8.10%) pha trong dung dich c6 chtra ion kim loai kiém Na* tai pH = 10
[(CH;),NOH — H;BOs], ion kim loai duoc chiét c6 dang phirc ML s& cho mau dd (Amex =
560nm, £ = 3,7.10%. Gia tri logK. trong H,O /1,2—dichloroethane tai 25°C: K = -9,84, Rb"
=-9,91; Cs" = -10,83; Na* = -10,08. Thudc thir c6 thé duge sir dung cho viée xac dinh Na*
trong mau sinh hoc, ma mau dé co su ton tai cia Na* nhiéu hon K.

VL.7.CUPFERRON
CTPT: CsHoN;0,
KLPT: 155,16

7.7.1. Tén chi thi va cong thirc hda hoc
Tén chi thi:

Tén hoa hoc: n—Nitrosophenylhydroxylamine, mudi amoni.

DEN—QNﬂ —
N—Q—DH
N
Dj_fm

Tén thong thuong: Cupferron.
Cong thure hoa hoc:
Cong thure phan tir: CcHoN;O,

Cong thirc ciu tao:

7.7.2. Piac diém cua chi thi Cupferron:
Tao phure véi cac ion kim loai.
Tao tia cac ion kim loai.
Chiét cac ion kim loai.

7.7.3. Cac tinh chét ciia chi thi Cupferron:

La bot trong sudt mau vang nhat, diém néng chay tir 163 dén 164°C, thing hoa trén
30°C.



Thubdc thir ndy khong bén dudi dnh sang va khong khi. Dé giam t6i thiéu nhuoc diém
nay, thuoc thur thuong dugc chira trong chai mau nau vé1 mdét it hat amoni carbonat nhu 1a
mot chat bao quan.

Acid tu do (HL) 12 mot chat ran khong bén mau trang (diém nong chay & 51°C) va tu
dong phan huy thanh nitrobenzenediazonium, 4,4—dinitrodiphenylamine va cac chat khac.
N6 tan rét it trong nuéc, nhung dé tan trong cac dung mdi hitu co khac. N¢ 1a acid don
chuc, co6 pka =4,16 (L= 0,1 NaClO,, 25°C), Kp(CHCI3/H,0) pH > 3 v61 HCI hodc HC1O4 =
142 (nhi¢t d6 phong) Kp(ethylacetat/nudc) = 285,6 va Kp(CCly/H,O) = 2300 (15°C).

7.7.4. Tinh chit chuin dd cua chi thi Cupferron:
7.7.4.1. Phan tmg tao phirc va tinh chat cta phirc:

Cupferron 13 phdi tir hai ring véi cac vi tri phdi tri cta oxi voi nhom nitroso va oxi
khong mang dién tich. Hau hét cac ion kim loai trong bang tudn hoan dugc két tua voi
Cupferron trong dung dich nuée. Ciing nhu mot thude thir phan tich, Cupferron khéng qua
chon loc, nhung tinh chon loc hoi cao hon trong dung dich c6 tinh acid manh so voi trong
dung dich c0 tinh acid yéu. Duéi diéu kién trén, chi Fe(III), Hf, Ga, Nb, Sn, Ta, Ti, V va Zr
két tiia. Khi tinh acid giam, cc ion khac déu bi két tua. Cac dleu kién cho viéc tao tua véi
kim loai ctia Cupferrate va tinh hoa tan ciia chung dugc tém tat & bang 7.32. Nhu 1a chét két
tha cua kim loai, Cupferrate khong qua bén khi siy kho, chiing thuong bdc chay thanh oxit
trong phép phan tich trong luong.

Kim loai Cupferrate khong mang dién tich va bdo hoa phdi tri, c6 thé dugc chiét trong
dung méi tro, dugc minh hoa dudi day:

— O0— M""/n
S

/N

Vi vay, Cupferron duogc sir dung rong rai nhu 1a mot dung mai chiét trong phuong phap
tach cac ion kim loai. Chloroform 1a dung méi thich hop trong hau hét cac phuong phap
chiét. Phuong phép chiét cac ion kim loai v&i Cupferron duoc nghién ctru tudng tan va pH
ctia phuong phéap chiét dinh luong, gia tri ctia pHy, va anh hudng cua hang sb chiét 1én hé
chloroform—nuéc dugce tom tit & bang 7.33.

Khi hau hét cac kim loai Cupferrate khong mau, Cupferron khong duoc xem nhu la
thudc thir do quang thiét thuc dé xac dinh ham lugng kim loai.

Bang 7.32: PIEU KIEN TAO KET TUA CUA CUPFERRATE KIM LOAI

‘ Kh4 ndng hoa tan (18°C)
lon kim logi | Bicu kién (rljé/(i) gr(f(}l/lli\)] acid acetic 0,01N (mol/L)

Ag - 150,0 - -

Al acid yéu 0,9 6.10-4 -

Bi HNO3 8,4 6.10-4 -

Cd - 40,0 + 5,46.10-3
Co(1II) - 77,0 + 1,07.10-2
Cr(II1) - + + -
Cu(II) acid acetic 0,7 5.10-4 1,3.10-3
Fe(II) - 0,02 2.10-4 -
Fe(III) acid manh 0,02 2.10-4 -




He(l) - 0,3 + -
He(1I) : + + -
Mn(II) ; + + 7,55.10-3
Ni - 52,0 + 1,06.10-2
Pb - 25,0 + -
Sb(III) - 5,5 10-4 -
Sn(IV) H2S04 2,4 10-4 -
Ti H2S04 - ; -
Zn - 32,0 + 6,3.10-3

7.7.4.2. Dung Cupferron nhu 12 dung moéi chiét :

Cupferron cyc ky co ich trong viéc tach nhom cua Fe(III), Sn(IV), Ti(IV), U(IV), V(V),
Zr(IV) va mot sb kim loai khac tir cac nguyen t6 con lai. Trong mot vai truong hop, cac cau
tor chinh dugc tach ra tu phuong phap chiét v6i Cupferron, cho phép tach duoc ham lugng
vét trong phép phan tich. ‘Trong mot sO truong hop khac, mot lwong nho cac chat can phan
tich duogc tach tir cac chat nén bang phuwong phap chiét kim loai Cupferrate trude khi xac
dinh. Céc kim loai sau khi chiét dugc thu lai bﬁng cach hép thu wot (HNO; + H,O,) céan sau
khi 1am bay hoi dung méi hodc bang cach chiét 1an nita v6i dung dich acid manh hon.

Tinh chon loc ctia phuong phap chiét c6 thé duoc cai thién béng cach chon d6 acid thich
hop trong pha nudc va chat che thich hop, nhu 14 EDTA hoic tartarate. Day 1a phuong thirc
thie hanh pho bién dé thém dung dich Cupferron long hodc Cupferron ran vao dung dich
mau trude khi chiét voi dung méi hitu co. Bang 7.34 di tom tit mot sb vi du dién hinh vé
phuong phap tach bang cach chiét Cupferron. Cac kha ning khac dugc trinh bay & bang
7.33.

Bang 7.33: DUNG MOI CHIET CUA CUPFERRATE KIM LOAI

Chiét (CHCI3)

Ton kim logia pH cho chiét dinh luong szb 1 logK’ex
Ag 35 - —
Al 3,5 2,51 -3,5
Be 3,8 2,07 - 1,54
Bi* 2 -0,4 5,08
Cd 4,5 — —

Ce(IV) 001 - 4,6d
Co(II) 4,5 3,18 - 3,56
Cr(I1I) 3 — —
Cu(Il)* 2 0,03 2,66
Fe(IIT)* 0 <0 9,8¢
Ga* 4.5 -0,3 4,92
Hf* 001 0 > 8
Hg(II) 5 0,85 0,91
In 3 0,5 2,42
La(IIT) 4 3.4 - 6,22
Mn(II) 7> — —
Mo(VI)* 1,5 <0 -
Nb(V) 3.5 <0 -
Ni 9 — —
Pa(V) — —




001
Pb 3 2,06 | — 1.3
Pb(ID)* 0 <0 -
Pm(I1I) 5 - -
Pu(IV) ) - 7
Sb(IID)* <0 07
S 001 0 334
C , )
Sn(I)* 3 - 06
Sn(IV)* 001 - R
Ta(V) 001 ~ ~
Th 3 0,2 4,44
Ti(TV)* 2,5 <0 -
Ti(ID) 1 ‘; ) - 03
u(v) - - 08¢
U(VI) , - _
V(V) 3b - B
V(V) 001 <0 _
W(VI) 2,5 —~ _
2{ 0,53b 349‘ 474
n ) _
Zr 9 <0 _
3

a: Cac nguyén to chiét dinh lugng dé dang duoc danh dau bang *.
b: Trong dung dich c6 Cupferron 0,05M .
c: Hang sb chiét anh huéng :

o _IML, ], [H'T

S [MI[HL],

Phu thudc vao do bén ion va phu thudc vao népg do cua phl;I’C anion lén [HIT]Org néu
Cupferrate duqc hinh thanh. Gié tri thu dugc dudi di€u kién sau: nong do HL ban dau trong
pha nudc,nong do 0,005M doi voi Bi, Ga, Mo, Sc, Th, Tl va Y va 0,05M déi véi Be, Co,
Cu, Hg, La va Pb; p = 0,1 (NaClO,) ¢ nhiét d§ phong.

d: Trong butyl acetat.

e: Trong HC104 1M.

f: Trich ly mot phan.

g: Trong ethyl ete.
Bang 7.34: MOT SO Vi DU CUA HE CHIET CUPFERRON

Ion kim loai

7 - biéu kién Dung mo1
Duoc chiét T i &

All,Be,Ce(IIT), (IV), Hf,

Nb, Sn(1I),(IV),Ta pH 5,5 05,7, | 4-ethylpentan-

Ti,U(IV),(VI), V,Zr, dét - EDTA, citrate 2-one
hiém
Ti Bi, Cd, Co(II), Cu,Mn(II),Mo, Dung dich CHCI3

Ni,V(V),W,Zn kiém lodng,




EDTA,
tartarate, S2-
. . pH 5.5,
Ti Thép EDTA. Ce MIBK
Ag,As(IIT)(IV), Cd, Co, Hg,
Bi, aFe(III), Ga, Mo(VI), | Ni, Pb,Se(VI),Te(IV), UVI), | TNO3 O.IN CHCI3
Sn(IV), Ti,U(IV), Zn
V(V),Zr Chét liéu 1am nhiing bo phan
Mo, W nhan tao trong co thé (sau khi H2504 6N Iso-AmOH
hap thu udt va chiét dithizon)
Fe(I11),Mo(VI), Sn(IV), UvI) Acllgglo o CeIt_ll’lcFajCl;?;:C
Ti(IV), V(V), Zr & y
Bi Ag, Al, As, Cd, Co, Cr, Hg, INHCI
Mn, Ni, Pb, Sb, Zn CHCI3
Fe Al, Cr, Mn, U T1, V, Zn CHCI3
H2S04 2N,
Ga Al Cr, In, dét hiém Fe, Ge, Nb, CHCI3
Ta, Ti, V, Zr
Th Kim loai hoa tr1 III pHO3 U1, Benzene + 1so-
Hf, La, U(VD) | S a:1)
Actinoids, Am Pu(IIT) Hcll 501\15 . CHCI3

a: Bi co thé duoc chiét lai bing H2S04 2N, dura vao cac nguyén t con lai trong pha hiru co.

Hé chiét chloroform—Cupferron cua Al 1a dang cha . Theo Sandell, K. phu thudc vao
pH va thoi gian trudc khi chiét. K’., duoc tim ra dé han ché qué trinh ting pH va ndng do
ion Cupferron khi qua trinh chiét xay ra ngay sau khi thém Cupferron va dung dich Al. Qua
trinh chiét Fe(IIT) voi sy c6 mat caa Al ¢ thé xay ra & dung dich nudc hoic trong acid HCI
1Mva sau khi thém Cupferron thi qua trinh chiét duoc thuc hién ngay lap tuc.

Pé tranh tinh khong 6n dinh cua dung dich Cupferron, Fe(Ill)-, Cu(Il)-, hoic Al-

Cupferrate duoc dung dé chiét Mo, Nb, Sb, Sn, Ta, Ti, V va Zr, dwa vao su trao d6i ctia qua
trinh chiét.

7.7.4.3. Dung Cupferron nhu 13 chat két tua:

Bén canh phuong phap xac dinh kim loai bang phan tich trong lugng, Cupferron da duoc
dung nhu chat két tua dé tach nhém kim loai. Cac phuong phap ket tua ion kim loai dugc
tom tat & bang 7.32 va mot s6 vi du vé phuong phép tach bang chat két tia dugc trinh bay &
bang 7.35.

Bang 7.35: MOT SO Vi DU CUA KET TUA CUPFERRON

on kim Didu kién Cha ¥
loai
Ga(III) H2S04 2N Tach tr Al, Cr, Sc, U(VI), Zn, dat hiem.
x Ta va hau hét tat ca cac ion Be, Ti, U,
Gaqiry | PH #305.5, EDTA, hon hop MgO | py43_ (11r0ng Nb-Mo), tir Nb dén Ta (30:1
sau khi dong két tia véi Sn hodc Ti 01:30)




Hf(IV) H2S04 610 v/v % Tach tir Al, Be, Cr, U, Th 1a ppt tai pH 10
8
Ti@v) H2S04, acid tartaric, EDTAa Si, U, V, W, PC43- gay anh hudng
uav) Hgésl -2 Ml’dll{.C1.94 ;ﬁ;géshoéf’ Bi, Fe, Ga, Hf, Mo, Nb, Pa, Po, Sn, Ta, Ti,
o 0, sat kil glam oac V, Zr va actinit hoa tr1 4
S204
U(VI) pHLY, EDTA, tartarat Be va mét luong I6n Ti, Zr, F-, CO32-

a: & vi tri pha ché Cupferron tir phenylhydroxylamine va NaNO2.
7.7.5. Céc thude thir khac c¢6 cAu trac tuong tu:
7.7.5.1. Neocupferron:

Mudi amoni cta n—nitroso— 1-naphthylhydroxylamine (CiH;N(NO)NH4, KLPT =
205,21). Bot trong sudt mau vang nhat, diém nong chay tir 125° &n 126°C. Kha ning tan
trong nude (6,0g/100ml ¢ 25°C). Tinh chét vat 1y va phuong phép tao phirc twong ty nhu
Cupferron: pKa = 4,1 va Kp(CHCI3/H,0) = 1,3.10°. N6 bén hon Cupferron trong dung dich
nuéce va khéi lwong ctia nhom naphthyl c6 thé duoc xac dinh bang phan tich trong luong.

7.7.5.2. n—Nitroso—n—cyclohexylhydroxylamine:

Pong dang cyclohexyl ctia Cupferron. Mudi amoni ¢ tén 1a “hexahydro Cupferron”;
diém noéng chay 140°C va phan ly & 250°C. N6 bén hon Cupferron, ¢ trang thai ran tot nhu
la ¢ trang thai dung dich nudc (mot dung dich 10*M trong HCI 6N phéan ly [0150% sau 4
ngay, trong khi Cupferron phan ly trong mot pham vi nao d6 chi trong 65 phut); tan tot
trong nudc (11,49g/100ml), pKa = 5,58. Phuong phép tao phirc tuong tu nhu Cupferron.

Céac dong dang alkyl khac, n—nitroso—n—cyclooctyl, n—nitroso—n—cyclododecyl va N—
nitroso—N—isopropyl-hydroxylamine cling da dugc trinh bay.

VI.8.THUOC THU HON HQP O,0-DONATING

7.8.1. Acid chromotropic:

7.8.1.1. Tén chi thi va cong thirc hoa hoc:

Tén hoa hoc: 1,8—dihydroxy—3,6—acid naphthalendisufonic, mudi disodium.
Tén thong thuong: Acid chromotropic.
Cong thure phan ti: C;0HsOsS,Na,.2H,O

Cong thirc cau tao:

/
NaO,S SO;Na
7.8.1.2. Pic diém ciia Acid chromotropic:
Tao phtrc tan c6 mau véi cac ion kim loai.

Tao mau véi NHs.




7.8.1.3. Céc tinh chat cta Acid chromotropic:
Acid chromotropic ¢ phén tir luong bang 400,28.

La bot trong sudt mau vang, khong mui dudi 300°C, dé tan trong nude, nhung khong tan
trong dung moi hitu co; pKas(OH) = 5,36 va pKas(OH) = 15,6 (20°C, = 0,1).

7.8.1.4. Tinh chét chuin do cua Acid chromotropic:

Acid chromotropic hép thu trong dung dich CuCl2, tir 0,05 dén Sppm (520nm) va
formaldehyde (570nm).

7.8.2. Dinitronaphthalenediol:

7.8.2.1. Tén chi thi va cong thurc hoa hoc:
Tén hoa hoc: 2,4—Dinitro—1,8—dihydroxynaphthalen, DNNDO.
Tén thong thuong: Dinitronaphthalenediol.
Cong thuc phan tu: CioHgN>Oe.

Cong thirc ciu tao:

> \/Noz

NO,
7.8.2.2. Pic diém cia Dinitronaphthalenediol:
Tao phure véi céc ion kim loai.
Chiét cac ion kim loai.
7.8.2.3. Cac tinh chat cua Dinitronaphthalenediol:
Dinitronaphthalenediol c¢6 phan tir lwong bang 250,17.
La bot trong sudt mau d6 cam, diém néng chay 180°—182°C.

Tan it trong nuée lanh (dung dich mau cam), tan nhiéu hon trong nuéc noéng va tan trong
acid acetic va ethanol.

7.8.2.4. Tinh chét chuan d6 cta Dinitronaphthalenediol:

Trong moi truong acid acetic, dinitronaphthalenediol phan tng v6i acid boric tao thanh
phirc anion (ML), phitc anion ndy c6 thé dugc chiét véi thuée nhudém cation nhu Brilliant
Green tao thanh toluene nhu mdt cap ion (tir dung dich HCI, pH 2,5 — 3,5; Apax = 637nm, € =
10,3.10%, 0 JO,1 ppm B).

7.8.3. Morin:

7.8.3.1. Tén chi thi va cong thirc hoa hoc:
Tén hoa hoc: 3,5,7,2°,4’—Pentahydroxyflavone.
Tén thong thuong: Morin.
Cong thure phan ta: CsH,007.2H,O

Cong thirc cau tao:



HO\/\/OH

HO\/\’/ \J\J

“ OH

7.8.3.2. Dic diém ctia Morin:
Tao phurc ¢c6 mau voi cac ion kim loai.
Chiét cac ion kim loai.

7.8.3.3. Céc tinh chit cua Morin:
Morin ¢ phén tir lugng bang 338,27.

La bot trong sudt khong mau hodc mau vang nhat, diém nong chay tir 285°C dén 300°C;
hau hét khong tan trong nudc (0,09% & 100°C), nhung d& tan trong dung dich kiém hodc
dung méi hitu co trir ete va acid acetic. Chat ran chuyén sang mau nau nho sy oxi hoa; gia
tri pKa tir proton dau dén proton thtr 5 1a 1; 4,8; 7; 9 va 13.

7.8.3.4. Céc tinh chét chuin dd ctia Morin:

Morin 1a mét trong nhiing polyhydroxyflavone dugc xem nhu 1a mot chat phan tich.
Tinh chat quan trong nhat 1a morin 1a mot loai thudc thir huynh quang. Morin cho ra mot
huynh quang mau xanh nhat tai pH tir 4 dén 9, nhung né ting dang ké nho tao phirc véi cac
ion kim loai nhu Al (pH 3; Aex = 440nm; A, = 525nm); B (HCI loang, 365nm, 490nm), Be
(NaOH 0,04N, 460nm, 540nm); Ga (pH tir 2,5 dén 2,9, 400nm, 445nm); Th (HCI 0,01N,
365nm, 404,7nm); Zr; Hf (HCI 2N, 450nm, 502nm); va dat hiém (pH 2,5; 401nm, 501nm).
Vi vay, cac nguyén to ndy c6 thé duoc xac dinh bang cach do huynh quang. EDTA va DTPA
thuong dugce ding nhu 14 chat che.

Morin ciing tao phirc ¢6 mau vdi cac ion kim loai khac nhau, nhu Th (vang), Ga, In, U
va Zr (nau do trong dung dich kiém NH3) va c6 thé dugc dung nhu 1a mét chat do quang dbi
v6i cac nguyén td ndy, nhung xac dinh ham lugng fluor nhay hon nhiéu.

7.8.4. Alizarin do:
7.8.4.1. Tén chi thi va cong thirc hoa hoc:

Tén hoa hoc: 1,2-Dihydroxyanthraquinone—3—acid sulfonic, Alizarin S, Alizarin Carmin,
C.I.Mordant Red 3.

Tén thong thuong: Alizarin do.
C6ng thfIC phén tﬁ: C14H707SN3.H20.

Cong thirc cau tao:

O OH
| | OH
1T X
\“ /\SO3Na
o

7.8.4.2. Bic diém cua Alizarin do:



Tao phttc ¢6 mau véi céc ion kim loai.
7.8.4.3. Céc tinh chét cua Alizarin do:
Alizarin d6 c6 phan tir lwong bang 360,27.

MAu danh cho thuwong mai 1a mot mubi natri, mudi hydrat va bot trong sudt mau vang
nau hoic mau vang cam; dé tan trong nudc tao thanh dung dich mau vang, nhung hau hét
khong tan trong dung moi hitu co. N6 tan trong H,SO, dac tao thanh dung dich mau cam;
pKa, (B-OH) = 5,39 va pKa; (a—OH) = 10,72 (25°C, i = 0,5). Dung dich nudc cho biét do
hap thu 16n nhét tai budc séng 420nm (pH < 3,5) hoic tai budc séng 515nm (pH > 3,5).

7.8.4.4. Tinh chét chuén do cta Alizarin do:

Alizarin d6 tao phirc tan khong tan c6 mau véi nhiéu ion kim loai va dugc xem nhu 1a
mot chat dé xac dinh Al F-, va BOs* va nhu 1a mot chat do quang dbi voi Al (pH tir 4,4 dén
4,6, € =1,8.10" tai budc song 490nm, tir 0 dén 0,8 ppm), Be (pH tir 5,4 dén 5,6; 480nm; € =
43.10°, tir 0,2 dén 4, 7ppm), Zr (pH tir 3,9 dén 4,6, trioctylamine, chiét véi toluene, 53 8nm),
va B (pH tir 7,7 dén 8,2, EDTA, € = 1250 tai budc soéng 426nm). Bén canh cac nguyén td
nay, cac ion kim loai dudi day duoc xac dinh v6i Alizarin dé: In, Mo, Rh, Zn, va dét hiém.

Nhiéu hydroxyanthaquione bao gdm quializarin (1,2,5,8-tetrahydroxy anthaquinone,
C14HsOs, KLPT = 272,21) dugc nghién ctru nhu 1a thude thir dé1 vaoi ion kim loai, dac biét 1a
Al, Be va B.

7.8.5. Stillbazo:
7.8.5.1. Tén chi thi va cong thirc hoa hoc:

Tén hoéa hoc: Stilbene — 4,4” — bis (1-azo) — 3,4 — dihydroxybenzene — 2,2’ — acid
disulfonic.

Tén thong thuong: Mudi diamoni.
C6ng thﬁ'C phél’l tﬁ: C26H18010N482.20\IH4).
Cong thirc cau tao:

OH SO3NH, SO,NH, OH
| c-cun | |

ool eNes
k/\NzN/ = K/|\N=N/\)|

7.8.5.2. Bic diém cua Stillbazo:
Tao phtrc ¢c6 mau véi cac ion kim loai.
7.8.5.3. Céc tinh chit cua Stillbazo:
Stillbazo c¢6 phan tir luong bang 646,65.

Bot mau nau dam, it tan trong nudc tao ra dung dich mau vang (pH tir 3 d&én 7), dung
dich mau cam (pH = 9) hodc dung dich mau do (pH = 11).

7.8.5.4. Tinh chét chuan do cua Stillbazo:

Maic du Stillbazo tao phtrc ¢c6 mau véi nhiéu ion kirp loai khac nhau, tam quan trong cua
viéc irng dung trong phan tich la dugc xem nhu 1a chat do quang doéi véi Al khi ¢ mat Fe
(pH tir 5 dén 6, € = 1,95 dén 3,46.10* tai budc song tir 500 dén 520nm, tir 0,2 dén 1,2ppm).



Nong d6 ciua Fe (Ién dén 100 ppm) co thé dugc che bang acid ascorbic. Khi c6 mat
Zephiramine , c6 thé dat dugc do nhay cao hon nhiéu (pH 10, 570nm, tir 0,08 dén 0,64 ppm
Al). Céc nguyén té khac, nhu 13 B (pH tir 8,9 dén 9,1, € = 1340 tai budc song 414nm, tir 0
dén 2ppm), Ga, In, Mo, va Sn, cling dugc xac dinh béng Stilbazo.

VI1.9.3-DIKETONE

7.9.1. Dong phan:

B—diketone dugc xem nhu 1 nhitng thudc thir quan trong dugc néu & bang 7.36, ciing
nhu dong phan cua ching, tinh chat vat 1y, va gia tri pKa cia proton enolic.
7.9.2. Ngudn téng hop va phuong phap tong hop:

Tét ca déu co gia tri vé thuong mai. Chung duoc chuan bi bang cach ngung tu Claisen
cua dong vi alkyl methyl ketone vo1 ethyl carbonxylate trong baz.
7.9.3. Céc phuong phép phan tich:

Céc thude thir nhu (1) — (4), (7), (8), (10), va (11) dugce dung nhu 1a thudc thur chiét co
kha nang hoa tan trong kim loai va trong mot sd truong hop, duge dung nhu la thudc thu
chromogenic trong cac nguyén t6 chuyen tiép. Nhiéu kim loai tao phtrc voi (47, (9), (10)
va (11) dé bay hoi dén ndi ching c6 thé dugc phan tich bang phuong phap sac ky khi hoic
phuong phap thang hoa phén doan. Piat hiém tao phirc voi (4), (5), (6) va (11) duge dung
nhu thudc thir shift (thude thir chuyén vi) trong anh pho cong hudng tir proton.

7.9.4. Tinh chét cta thude thir:
Hang s6 vat 1y va hang s6 ion hoa clia proton enolic ciia thudc thir B—diketone dugc tom

tit trong bang 7.36. Hé sb tan va hé sb phan ly ctia B-diketone 1a cac hé s quan trong trong
qua trinh chiét dung moi nhu di trinh bay ¢ bang 7.37.

Céc thude thir nay khong thé hién bat ky tan sd hip thu ndo trong ving co thé thay dugc,
nhung chi ra d hap thu manh trong vung UV, cuong do va hinh dang cua thudc thir phy
thudc vao ban chét ciia dung mai vi ti s ctia keto va dang enol trong hdn hgp hd bién 16n.
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7.9.5. Phan tmg tao phirc va tinh chat cua phirc:

Sau khi loai proton, dang enol cua [3—diketone dugc xem nhu la mot anion hoa tri 1, dinh
hinh thanh phtrc kim loai v6i cau tric dudi day:

C/ \/
.
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Tat ca cac ciu trac tuong tu ciia cac phire B—diketone phu thudc vao cac phitc mang dién
tich dang 1ap bdo hoa, chiing dugc mo ta bang diém nong chay twong ddi thap hon, 4p suét
hoi nuéc twong d6i cao hon va hoa tan tot trong cac dung méi hitu co khac nhau. Piém
néng chay, nhiét o thang hoa, va cac tinh chat vat Iy khac ctia kim loai B—diketonate c6 thé
duoc tim thdy bang nhiéu cach khac nhau: ddi véi phic AA (1); d6i voi phitc BzA (2); dbi
v6i phitc DPM (4); d6i voi phitc TAA (5); ddi véi phitc HFA (6), d6i véi phire TTA (7); d6i
v6i phitc FTA (8); d6i v6i phirc PTA (9); d6i véi phirc BFA (10); ddi véi phicc FOD (11).
Moi lién hé gitra nhiét do ap suat ciia hoi nudc vi mot sd kim loai B—diketonate dé bay hoi
dugc minh hoa tir hinh 7.27 dén hinh 7.31.

Bang : HE SO TAN VA HE SO PHAN LY CUA B-DIKETONE

B- Tinh tan (g/100ml) LogKo
Diketone | Nudc | Benzene | CHCI3 CCl4 | Benzene/ | CHCI3/nud | CCld4/nudce
nudc C
(HAA 17,3 Co thé Cothé | Cothé 0,57; 1,21 0,50
tron tron tron 0,74
(2)BzA | 3,9.10- 63,3 40,5 30,8 3,14 3,44; 3,60 2,82
2
(3)DBM | 1,3.10- 53,8 40.4 29,2 5,35 5,40 4,51
4
(4)DPM | 1,7.10- - - - - - -
2
(5 TAA - - - - 0,28 0,53 0,32
(7)TTA | 2.10-2 - - - 1,62 1,73 1,30
(10)BFA | 3.10-1 - - - - - R

Vung pH tét nhat ctia su hinh thanh phire phu thudc vao ban chit cta cac ion kim loai va
B-diketone. Trong nguyén tic, phdi tir co gia tri pKa thdp hon tao phuc véi cac ion kim loai
& ving pH thap hon. Hang s6 bén cua kim loai B—diketonate duwoc quan sat trong dioxan va
gia tri dac trung duoc tom lugc trong bang 7.38 va 7.39.

Kim loai B—diketonate thuong khong tan trong nudc, nhung tan trong cac dung moi hiru
co khac nhau. Vi vay, B—diketone dugc chip nhan nhu 1a dung méi cho qua trinh chiét. Cac
gia tri Ko va pHy, d6i voi B—diketone chon loc dugc xép thanh cot & bang 7.40.

Trong truong hop khong c6 dién tich, nhung cac phic dong dang—bio hoa, nhu
NiL,.2H,O hodc CoL..2H0, sy hién dién cua dung dich dang lap lam giam sy phan ly cua
phurc vao pha hiru co. Tuy nhién, trong mot s6 truong hop, phan chiét va ti 18 chiét c6 thé
tan dung bang cach sir dung két hop phdi tir bo trg khong mang dién nhu 1a pyridine hoic
1,10—phenanthroline hoic bang cach chon dung méi twong dwong nhu MIBK hoic butanol,
thay vi dung dung méi khong hoat dong.

Vi AA (1) 1a chét 16ng, hau hét cac ion kim loai c6 thé dugc chiét bang chinh n6 hodc dung
dich cta n6 trong cidc dung mdi hitu co khac nhau (benzene, carbon tetrachloride, hodc
chloroform). Tuy nhién, tinh tan ciia mét s6 kim loai acetylacetonate khong mang dién trong
pha nuéc khong thé bo qua, dic biét 1a khi acetylacetone khong pha lodng dugce dung nhu
chét chiét, vi tinh tan tuong ddi cao trong nude cia (1) ting so véi tinh tan cua phirc trong
nuéc. Vi vay né c6 nhiéu thuan loi hon khi dung dung dich ctia né trong dung méi hitu co.




Sy can bang chiét ¢6 thé anh hudng dén BzA (2), DBM (3) va TTA (7) cham hon so voi
AA (1). Khuynh huéng nay rd rang hon so v6i TTA va dic biét 1a khi ndong d6 anion thap
(trong dung dich acid cao hoic trong tong ndng d6 thude thir thap). Ti 18 ciing phu thudc vao
tinh chit ctia kim loai. Tuy nhién, (7) duoc st dung rong rii trong qué trinh tach cac nguyén
td actinoid va lanthanoid. Gia tri logKe, 1a Am, -7,46; Bk, -6,8; Cf, -9,45; Dy, -7,1; Er, -7,2;
Ho, -7,25; Lu, -6,77; Nd, -8,58; Pm, -8,05; Pr, -8,85; Sm, -7,68; Tb, -7,51;Tm, -6,96; va Yb,
-6,72.

Dung dich cua kim loai B—diketonate cho biét tan sé hap thu trong vung UV hodc ving
c6 thé thiy duoc, nhung mau cua ching khong rd dén ndi ma do nhay sang cao hon khong
thé doc dugc. P9 nhay ciling thap trir phi dung chat che thong dung. Pho hip thu ciia Cu(Il)
va phtrc uranyl dugc minh hoa twong ing véi vi tri ¢ hinh 7.32 va 7.33.

0.8
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Hinh 7.32: Phé hdp thu Hinh 7.33: Phé hdp
cua Cu(ll) thu cua phwc uranyl

7.9.6. Tinh ché thudc thir nguyén chat:

B-Diketone bao gom trong phan nay 1a cac hop chat hoan toan xac dinh va c6 thé dugc
lam sach bang cach chung cét phén doan tai ap suat thap Mau thé duge 1am sach qua phure
kim loai ciia né nhu Cu(Il) c6 thé duge diéu ché dé dang bang cach tron dung dich dong
acetat voi dung dich rugu cia B-diketone. Sau khi tinh ché bang cach két tinh lai, phirc
dong dugc tao ra va sau d6 1am sach bang cach chung cat.

Do tinh khiét cia B—diketone c6 thé duoc kiém tra bang cach quan sat sic pho khi cua
chung hoic bang cach chuan d6 trong dung mdi kho (trong methanol véi (Bu)4NOH 0,1M,
dung chi thi Crystal Violet).

7.9.7. Ung dung vao phan tich:
7.9.7.1. Dung nhu 14 chat chiét:

Kha ning tach kim loai bang cach chiét dung moi véi B—diketone cé thé duge danh gia
tu bang 7.40. Tuy nhién, diéu kién chiét trong timg trudng hop riéng biét co thé’ bi anh
hudng nhi€u bdi nhiéu nhan t6, nhu khuynh hudng thiy phan ion kim loai, ti 1€ chiét, nong
do cua thuoc thir .v.v...

Kha ning chiét ctia mot sb ion kim loai véi acetylaceton (1) nhu 1a mét chirc ning cua
pH duoc minh hoa ¢ hinh 7.34 va 7.35. Cac duong cong dong dang vdi thenoyl-
trifluoroaceton (7) dugc trinh bay & hinh 7.36.



— 100
R ™
2 5ol Be Se
E La
e} Mo
0 1 2 3 4 5 68 7T 8 9 1011 12
pH

FIGURE 9. Extractability of Be, La, Mo{V1), 5c, and
Th by 0.1 M acetylacetone in benzene as a functian of

Hinh 7.34: Khad nang chiét ciia Be, La, Mo(1V), Sc va Th bdng
acetylacetone 0, IM trong moi truwong pH cua benzene.
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Hinh 7.35: Kha nang chiét Al, Cu(Il), Fe(III) va Sn(Il) bang
acetylacetone 0, 1M trong moi truong pH cua benzene.

Extraction (%!

Hinh 7.36: Kha néng chiét ciia Ac, Bi, Pb, Po, Ra, Th va
TI()(1I) voi MTTA(7) trong méi truong pH cua benzene.
7.9.7.2. Dung nhu 14 chat do quang:

Nhu d3 trinh bay & phan trudce, nhin chung B-diketone khong 1a thudce thir qua nhay va
chon loc thudc thir sinh mau doi véi kim loai. Tuy nhién, trong mdt so truong hop, chiing



duge dung nhu chat do quang cho qué trinh chiét va cac vi du duoc tom tit & bang 7.41.
Thenoyltrifluoroaceton (7) dugc st dung rong rdi cho muc dich nay. Mot s6 nguyén to dat
hiém ciing duoc xac dinh bang cach xac dinh ham luong bang phép do huynh quang, cac vi
du dugc trinh bay ¢ bang 7.42.

7.9.7.3. Dung nhu thudc thir bay hoi ddi v6i ion kim loai:

Mot sb kim loai B—diketonate bay hoi nhanh dén ndi ma ching c6 thé duoc tach bang
phép ghi sac khi long hoac bang phuong phap thang hoa phan doan. Cac nguyén t6 dugc
kiém tra nhanh bang phuong phap sac ky khi la Al, Be, Co, Cr, Fe, Hf, In, Mg, Mn, Ni, Pb,
Rh, Sc, Th, Ti, U, V, Y, Zr va dat hiém. Mot vai vi du duoc tom tit & bang 7.43. Trong thuc
tién, phirc kim loai duoc hoa tan trong dung méi hiru co dé bay hoi (tir 0,5% dén 5%), nhu
benzene hodc chloroform, va 0,1 dén vai ul dung dich dugc ti€ém vao. Nhi¢t do ciia bo phan
tiém va may do duoc bao quan tu 20° dén 40°C cao hon nhiét do cot. Do nhay ctia may do
phan 16n phu thudc vao ban chat cia ion kim loai trung tim hon 1a phu thudc vao phdi tir.

Viéc tach phirc kim loai bang phuong phép thang hoa phan doan hoic phuong phap nau
chay vung dugc nghién ctru tuong tan.
7.9.7.4. Dung nhu NMR thudc thtr shift:

Mot s lathanide B—diketonate dugc biét dén nhu 1a “thudc thtr shift NMR” ma né di
chuyén cac déu hiéu proton NMR cua cic hop chit hitu co khac nhau c6 cic nhém chirc
nang hoan toan trdi ngugc nhau. Viéc di chuyén duoc tao ra bdi gidi han tiép xuc nhan tao
vi su anh huéng qua lai giita phan tr hitu co va vi tri phdi tri chua no cua ion thuan tir
lathanide cua chelat.

Thudc thtr shift dic trung dugc tom tit & bang 7.44. Phic Eropium dugc biét dé di
chuyén dau hiéu proton vé phia tir trudng yéu hon va phuc Pr vé phia tir truong cao hon.
Céc thude thtr ndy thuong rat d& hut 4m va d6i khi hydrat hoa, chung trd nén rat kho tan
trong dung méi hitu co. Vi vay, né thich hop hon trong viéc bao quan thude thtr trong binh
hat 4m so v6i P,Os.

Yéu cau cta cac phdi tir dé tro thanh 1 thude thir shift 13:
a) Phirc phai c¢6 hing s tao thanh cao so v6i kha ning nhén xét phan tir hitu co.
b) Thudc thi shift khong phai dwa ra ddu hiéu proton trong ving quan sat.
¢) Thudc thir shift phai c6 do hoa tan vira du trong dung méi hitu co ddi v6i phép do NMR
Bang 7.41: UNG DUNG CUA B-DIKETONATE NHU LA THUOC THU PO QUANG

8 Ton ki Chelat kim loai Khoang
L on Kim Piéu kién . % Amax xac dinh
Diketone | loain Ti so €(x103)

(nm) (ppm)




pH 7 U8, EDTA, citrate, 0,030
B , ML2 | 2
© chibt véi CHCI3 5| 30 03
Fe(II) pH 6 LI8, chict voi ML2 | 438 | - | 05010
butylacetate
H2SO046N chiét voi AA +
" Mo(VI) CHCI3(1:1) MO2L2 | 352 | 1,63
vo22+ | PHO6S5LT7.0chictvéi MO2L2 | 365 | - 070
butylacetate
pH 2, chiét vo1 AA + 3
V(III) CHCI3(1:1) ML3 383 | 09
pH 2 07, H202, chiét véi _ _
veV) AA + CHCI3(1:1) 460 1 06
Ti(Ill) | HCI=0,05M, ethnol 50% - 615 | 3,0 0,4 08
Q) Ti(IV) | HCl = 0,05M, ethnol 50% - 382 | 8,5 0,4 08
U022+ chiét véi benzene - 400 | 2,0 -
fo pH 6 07, TOPO, chiét voi _ 208 | 120 _
benzene ’
U022+ | HNO3, EDTA chiét véi CCl4 - 410 - 1 010
U022+ | PH 6,0 Ca- EDTA, chiét voi ~ 200 | 161 | o010
butylacetate ’
3) chiét véi TBP 10% trong iso- 400
U022+ | octane tir 15% dung dich cua - [ - 0,5 [b
Al(NO3)3 415
chiét véi 400
tetrapropylammonium 3 _ _
vo22+ hydroxyt trong MBK tir trung 41D5
binh cuia HNO3 + AI(NO3)3
(6) Fe(Ill) | pH 1,5 [2,5, chiét voi CCl4 ML3 455 - 0,8 010




Ce(IV) | H2SO41N chiét v6i xylene ML3 440 9,3 010
Cu(Il) | pH 3,5 4, chiét voi benzene | ML2 430 2,2 5 B8O
cuqry | PHI-dpyridine, ChiCtvei |y oser | 340 | 276 | 0,101
cyclohexane
Fe(Ill) | pH 2 [B, chiét v6i benzene ML3 460 4,9 1010
Feqrry | HNO32M+ NHANOIOM, 1y 31 510 | 49 | 005
chiét véi xylene
Fe(rtry | PH 1 Aliquat ® 3368, chiet |y 3y | 500 | 464 | 0012
véi benzene
Ga pH 4,5 EE,O, ’I.{hodamme B, B 565 1,07 2 060
chiét vdi xylene
N 335
Ga pH 2,4 EQ,gIF{Igg, chiét voi ML2X | hodc 3 B
380
Ni PH 5,5 [B,0, chiét voi ML2 | 420 | 06 | 72064
e acetone + benzene
: pH 5 [D, Zephiramine ®, B B
Ni chiét vai 1,2-dichloroethane ML3X 420
pH 4,5 [B.8, chiét voi n-
Pd(II) BuOH ML2 410 1,2 2 020
Pd(II) pH 0,8 [6,2, chit voi ML2 | 430 | 42,0 | 0,606
methylpropylketone
Pt(I) | HCI 6N, chiét v6i n - BuOH ML2 410 7,9 | 87,2160
Rh(IIT) pH 5,2 [b,2 chiét vdi xylene MI3 430 39.5 5 1020
+ acetone (1:1)
vozo+ | PH3SBO.chietval 1 yinors | 430 | 20 | 0083
benzene
U022+ | ChictvoiTBPO.0SMtrong 1051 ov | 395 | 19 | 008
toluen
V(V) | pH 2 O3, chiét vi n-BuOH - 420 3,6 0,8 011
V(V) pH 2 03, chiét véi 3 410 4.5 0 0110
butylacetate

410* Ghi chii: No, khong chiét.

a: [HL]ore = 0,10M

b: Dang chiét 1a UO2L2.HL.

c: Carbontetrachloride.

d: Methyl propylketone.

7.9.8. Cac thudc thtr khac c6 ciu trac lién quan:
7.9.8.1. Polyfluorinated 3—diketone:

Nguoi ta khuyén khich tach kim loai qua phirc ctia chiing v6i TTA (5) hodc HFA (6), cac
loai B—diketone khiac nhau duoc diéu ché va duoc danh gia nhu 1a phirc kim loai cho
phuong phap sic ky khi.

Bang 7.43: TACH B-DIKETONATE KIM LOAI BANG PHUONG PHAP SAC Ki KHI




Cot diéu kién

B- Phtre kim loai dugc tach (tang Nhiat do
Diketone 4n Iuot theo thoi gian) Nguyén liéu dong géi 22) ©
() Be, Al, Cr 0,5% SE-30/hat thuy tinh 170
Sc, Ir, Pd(1I), PT(II) 10% Epon -1001/Chromosorb 115
Sc, Yb, Ho, Eu 2% Apiezon-H/hop khi-F 157
dat hiém (tangigir)l theo ban kinh 10% Apiezon-N/hop khi-F 185
) Be, Al, Cr, Fe, Ni 0,5% Apiezon-L/Flusin GH 200
Zn, Co(I1l), Ga, In 0,5% Apiezon-L/Flusin GH 200
Be, Al, Sc, Lu, Eu, Tb, Sm 0,5% Apiezon-L/Flusin GH 200
Be, Al, Cr, Rh 0,5% Daifloil 200/chromosorb 120050
0,5% dau silic/hat thity tinh hodc
Al, Cr, Rh, Zr thuy tinh borosilicate 135
5 — -
Be, AL, Gahogc Al Ga,In | 70 DC Slhfi‘r’lr}‘l 710/matthiy |y 5p
(3) Ga, Fe, Cu 0,5% Daifloil 200/chromosorb 140
Co(III), Rh(III) 3,8% SE-30/Diatport-S 110
Th, U Silicon DC-550/gaschrom CLH 170
Trans-RhL3, cis-RhL3 5% DC silicon/chromosorb 105
Trans-CrL3, cis-CrL3 1% QF-1/chromosorb 130
Be, Al, Cr 7,5% SE-30/gach chiu Itra 90
Co(I1T), Rh(IIT) 30% SE-30/chromosorb 30100
(6 | #mCoUD- NI (AphoLWRON | 5, Dexsil 300, SE-30 hogc 70
Optaop . OV1/ chromosorb W-HP
butylsulfoxide)
Fe(IlI), Cu(Il) 10% SE-52/chromosorb 90
(7) Al 20% Apiezon-L 240050
Al, Cr(I1T), Fe(III) 15% Apiezon-L/Universal 162
Be, Al, Fe(IlI), In, Th 0,5% XE-60/hat thuy tinh 120050
In(111), CO(1I), Th 0,5% SE-30/hat thuy tinh 170
25% E-301 cao su
©) Ca silicon/Universal 230
Zn (12 phdi tir hdn hop tao phirc 0
v&i TBP hoac TOPO) 3% OB-101/chromosorb 150240
Sc, Lu, Er, Dy, Sm 5% dau silicon/chromosorb 150260
Pat hiém (tang dan theo ban 10% SE-30/chromosorb hoac 171
(11) kinh ion) 0,1% Apiezon L/hat thuy tinh
U(IV), Th(VI) 0,3% DC-QF 1/hat thuy tinh 1700200
Zr (hodc Hf) OV-3, 101 hoac 17/chromosorb

7.9.8.2. 1-Phenyl-3—-methyl-4-benzoyl-5—pyrazolone: (PMBP)




e C N \ / H3C C : :
VT \
< > { > ( :—C—CH—C

—C—CH C

Céc nha hoa hoc nguoi Nga dd nghién ctru dugce 13 thude thir nay (diém nong chay 92°C)
nhu 1a mot chat chiét. PMBP c6 nhiéu tién loi hon TTA (5): tong hop dé dang hon 134 va
bén hon; kho tan trong nudc (0 10*M & pH tir 2 dén 4) nhung dé tan trong chloroform
(1,78M); 1,2—dichloroethane (1,43M), va heptan (0,03M); 135 pKa (enol OH) = 4,04 (L =
0,01; 20°C); 135 va logD (benzene/nudc) = 3,66; logD (chloroform/nude) = 4,0 (U = 0,1);
logP, (ZnL,) = 6,56 va logD (benzene/nudc) ddi véi Znl, = 3,57. 172 Ti s chiét cia mot sd
ion kim loai véi PMBP xem nhu 14 chirc nang cua pH dugc minh hoa ¢ hinh 7.37. Piéu kién
t6t nhat cho qué trinh chiét kim loai v6i PMBP dugc tom tit & bang 7.45.

100k
T
g0
Cull)
Chiét mf,
A1
drce Ga
@) gl
In
I il
- e TUII)
Fa
|:| -
| | | | |

rH

Hinh 7.37: Chiét xudt ciia Cu(Il), Ga, In
va TI(1l) voi PMBP 0,03M trong moi
truong pH xylene

7.9.8.3. 3—(Trifluoromethylhydroxymethylene)—d—camphor; B—isopropyltropolone (IPT):
CTPT C10H1202

KLPT = 164,20
/CH3
CH
N
CH,
HO/ N\
0

Trai v6i hop chit gdc (tropolone), thude thir nay bén hon, tong hop dé hon, va co cac
tinh chat chiét thich hop hon: pka = 7,04, logD (CHCly/H,0) = 3,37 (u=0,1; 25°C). 2,2’



bipyridin hodc triphenylphosphineoxide dugce dung nhu la mot thudc thir hdn hop trong hé
chiét IPT cua Tb hoac Ga, theo thu tu.

VI.10.PYROGALLOR PO VA BROMOPYROGALLOL PO

7.10.1. Danh phap:

PR: Pyrogllolsulfonephthaline.

BPR: 5,5 dibromopyrogallol sulfonepthaline.
7.10.2. Ngudn gbc va phuong phéap tong hop:

PR duogc tong hop bing phuong phap ngung tu o-sulfobenzoic anhydride véi
pyrogallol.

BPR duoc tao thanh tir qua trinh brom hoa.
7.10.3. Tinh chét ctia thudc thir:

PR va BPR: 14 tinh thé dang bot mau do sdm khi két hop voi kim loai sang it tan trong
nudc, alcohol va trong dung méi hiru co khong phan cuc.

Trong mé1 truong acid manh c¢6 mau d6 cam, mau do trong moéi truong trung tinh, mau
tim trong moi truong kiém.

Su phan ly dang acid cua thuoc thtr trong tu nhu Pyrocatechol Violet, va duoc viét dudi
dang sau. Hang s phén ly duoc tong két dang bang 7.47.

HsL+ < HL & HL ® HZLZ' & HL & LY
I | I |
[ [

Po cam bo Tim

7.10.4. Phan tng tao phirc va tinh chét cua phirc chat:

PR va BPR lién két véi Phenylfluoronl va phtrc vdi mot s6 kim loai tao thanh dung dich
chelate ¢6 mau. Dang dung dich ciia PR va BPR (mau do trong moi trudng trung tinh)
chuyén sang mau xanh hodc tim khi tao phtrc véi 1 s6 kim loai nhu Al, Cu (1I), Ga (logKgal
5,54), Ge, In, Mo (VI), Sb (V), V (V) va W, ddi véi PR va Bi, Ge, In, Sb (v), Th, Ti, UO,*,
V (v), va Zr d6i voi BPR. Khi Chelate ciing tan trong nuéc, PR va BPR dugc sir dung nhu
mot chi thi kim loai trong phuong phap chuan d6 Chelate va nhu thudc thir ciia phuong
phap tric quang cho cac kim loai.

Phtrc 3 céu tir tan it trong nudc va két tia 1 phan, néu nong do cta dung dich dugc tron
lan hodc dung dich dugc st dung l1am dung dich chuan, phuc cling ¢6 thé dugc tach trong
Nitrobenzene.

Dic diém phuong phap t,réc quang cua PR tuong tu nhu BPR nhung Chelate anion cta
PR va BPR c6 thé dugc chiét trong Alcohol tinh khiét hodc dung moi ¢6 hang s6 dién moi
cao nhu 1 cap lon v6i nhiing Cation 16n dugc tong hop trong bang 7.52.



7.10.5. D9 tinh khiét va tinh ché thudc thu:

Nhiing nguyén li¢u trong cong nghiép thuong co du do tinh khiét, nhung c6 1 luong c6
thé két tinh & trong nudc, thudc thir thd c6 thé 1am sach bang cach hoa tan nd trong dung
dich kiém (Na,CO; hodc NaOH), sau d6 tao két tiia bang cach Acid hoa. Polyhydrate cua
PR hodc BPR, bao gdm nhitng dang soi mau do, can than say kho dén khi tinh thé c6 mau
d6 thAm ngam 4 phan tir nudc.

Do tinh khiét ciia PR va BPR c6 thé x4c dinh bing phuong phap do quang dung dich cua
no.
PR pH7,9 - 8,6 (H,L") Amax = 542nm; ¢ =4,3. 10
BPR pH 5,6 -7,5 (H.L*) Amax = 558 nm; € =15,45. 10
7.10.6. Ung dung trong phan tich:

La chi thi kim loai cho qua trinh chuan do chelate cua Bi, Co (II) , Ni, Pb. Ching cling
dugc dung nhu chi thi trong phuong phap tric quang ddi vdi mot sb kim loai ning.

BPR duoc s,u dung rong rai nhu la mot thube thir phan tich hon so vdi PR. BPR tao
thanh phtrc 3 cau tor xam mau voi 1,10—phenanthroline va bac dugc sur dung cho viéc xac
dinh trac quang bac va Ag gian tiép dung dé xac dinh cac anion, nhu cac hop chat halogen,
cyanide.

St dung nhu mét chi thi kim loai trong phuong phap chuan do Chelate:

Nhiing Ion kim loai c6 thé duoc chuan do béng EDTA, stt dung PR hoac BPR nhu chét
chi thi dugc liét ke trong bang 7.48 va 7.49, dung A 0,05% dung dich ethanol (50v/v%) , co
thé bao quan trong nhi€u thang ma khong bi hu hong.

Str dung nhu thudc thir tric quang:

Nhirng Ion kim loai c6 thé xac dinh bang phuong phap tric quang vi PR hoic BPR
trong dung dich dugc tong hop trong bang 7.50 va 7.51.

Chelate cta kim loai v&i BPR ¢6 thé duge chiét véi cation thich hqg (hoac két hop voi
acid amine) trong dung moi hitu co nhu 1 cap ion. Nhitng vi du dugc tong hgp trong bang
7.52.

Mau phan ng cua h¢ Ag-phen—-BPR s¢& bién dbi khi co mat cua phirc anion nhu:
cyanide, thiocyanide, sulfile va cadc hop chat halogen. Trén thuc té, phuong phap do quang
nhu sy phat trién cho vi¢c xac dinh 1 s6 anion.

7.10.7. Xac dinh Ag bang phuong phap tric quang, sir dung BPR va 1,10—phenanthroline:

Lay khoang 40 ml dung dich mau (1-10 pg Ag) cho vio binh dinh mic 50 ml ¢6 chua 1
ml dung dich EDTA 0,1M, 1 ml 1,10-Phenanthroline 10°M, 1 ml dung dich ammonium
acetate 20% va 2 ml dung dich BPR 10 *M. Dinh mic dung dich dén 50 ml sau d6 dem do
quang tirc thi hodc trong vong 30 phut voi cuvet 4cm 6 bude song 635nm dya vao mau
trang.

Néu c6 Fe(II) trong dung dich thi thém vira di phenanthroline dén khi tao phirc hét voi
Fe(Il) va phan tng véi Ag. Khi c6 mat U(VI), Th, hoac Nb, thém florua hoac hydrogen
peroxide trudc khi thyc hién phan trng tao mau.

Khi c6 mit cua chat oxi hoa, PR dé bi oxi h(’)a}, lam mat mau va tinh chat nay dugc st
dung cho viéc xac dinh Ce(IV), Cr(VI), va V(V) bang phuong phap do quang.



Phan trng mau cua phirc PR—Mo (V1) v6i protein (Amax = 600nm, 0 ~ 400 ug/10 ml) duoc
st dung dé xac dinh protein trong nudéc tiéu.

Bang 7.46: PYROGALLOL PO VA BROMOPHYROGALLOL PO

STT| Tén thubc thir Danh phap Cong ﬂt’l}rm phan | 1 pr

1 Pyrogallol red Pyorgallol sulfonephthalein, PR C19H1208S | 400,36

) Bromopyrogallol 5,5 - Dibromopyrogallol sulfo- C19H1008Br2 558 15
Red nepththalcin, BPR S ’

Béang 7.47: HANG SO PHAN LY

Hop chit | pKa2 | pKa3 | pKa4 | pKa5
PR 2,56 | 6,28 | 9,75 | 11,94
BPR | 0,16 | 4,39 | 9,13 | 11,27
Bang 7.48: SU DUNG PYROGALLOL PO TRONG CHUAN PO CHELATE
NHU CHAT CHI THI.
Ion kim loai | pH Dém Mau thay doi tai diém cudi chuan do
Bi 2~3 HNO3 do 2 do cam
Co(II) 10 | NH3-NH4CL xanh hodc tim =2 dé
Ni 10 | NH3-NH4CL xanh hodc tim 2 do
Pb ~5 | AcOH-AcONa Tim -2 do

Bang 7.49: SU DUNG BROMPYROGALLOL PO TRONG CHUAN PO
CHELATE NHU CHAT CHI THI

Ion kim loai | pH bém Mau thay ddi tai diém cudi chuan do
Bi 2-~3 HNO3 Po sam > d6 > d6 cam
Cd 10 | NH3-NH4CL Xanh 2 do
Co (II) 9,3 | NH3-NH4CL Xanh 2> do
Mg 10 | NH3-NH4CL Xanh = do
Mn (II) | 9,3 | NH3-NH4CL Xanh > do
Ni 9,3 | NH3-NH4CL Xanh 2> do
Pb ~5 | AcOH-AcONa Tim -2 do
Pathiém | ~7 AcONa Xanh 2 do
Bang 7.50: DUNG PYROGALLOL PO NHU THUOC THU PO QUANG
Ion kim loai Dl((erl:l;()l “n Ty 1¢ )Elrlnni;( ¢ x 104 N6ng do xac dinh
Ag 7 - 390 1,0 -

Cu (1) 6 ML 582 0,95 0,25~2,3
Ga 4,5 ML 530 1,4 0,28~4.8
Ge 5 ML2 500 - 0,28~2
In 4,7 ML2 580 - -

Mo (VI) 50~53 |ML3 587 8,15 0,04~0,3

Sb (I1I) 4,5 ML 520 0,25 0,3~3,0




Sb (V) 2 ~3(60) ML 500 0,98 -
Ti (ITD) 2,7 - 610 7,6 0,6~3,12
W (VD ML 576 6 ~1
Bang 7.51: DUNG BROMOPYROGALLOL DO NHU THUOC PO QUANG
Ion kim A , 1~ | Amax Nong d6 xac ,
loai Diéu kién pH Ty 1€ (nm) ¢ x 104 dinh (ppm) Luuy
VO 2+ 4.4 ML2 540 0,17 3~7 -
wayy | HELLOSIINGH v o1 | 65 0.08~1.4 i
Zephiramine
IM HCL, Chét can trd
W (VID) CTMAB (X) MLX2 | 610 8,4 0,03~2 Ct. Mn, Ti
Zr 5,0~5,4 ML3 670 4,5 0,16~1,4 -
L 1A 5,6~7,5, 680-
bat hiem Septonex - 690 3,3~3,9 0,3~3 -

Bang 7.52: CHIET CAP ION CUA CAC CHELATE BROMOPYROGALLOR PO (2)

Ion Diéu Chelate kim loai Chiét Vung
kim kién | tisd A €(x104) Amine (X) Dung moéi Xac
loai (pH) max(nm) dinh
(ppm)
Ge(IV | 0,50 | ML3 550 3,8 Diphenylguanidine | Hexyalxohol -
) 4,5
Nb 5 ML3 610 2,5 di-n- Isopentylacetate | [15,4
octylmethylamine
Ti(IV) | 2,5 | MLX4 630 3,75 4- 0,2 [
Amynoantipyrine 2
Ti(IV) - MLX2 - - Gelatine hoac Isoamyalcohol -
diphenylguanidine
V(V) | 4(600) | MLX3 610 0,85 | Diphenylguanidine [ Chloroform -
(1:1)




CHUONG VII: THUOC THU O-N
VIL1.THUOC THU ALIZARIN COMPLEXONE

O OH
OH
CH,N . 2H,0
0 CH,COOH

C1oH1sNOs.2H,0 (viét gon: HyL)

KLPT =421,36
8.1.1. Danh phap:

Céc danh phap thuong dung:

3— [Di(carboxymethyl)aminomethyl]-1,2—dihydroxyanthraquinone.

1,2-Dihydroxyanthraquinone—3—ylmethylamine—N.

n—Diacetic acid.

Alizarin Complexone.

ALC.

8.1.2. Céc tinh chat cua chi thi:
8.1.2.1. Chi thi dang tu do:

Ludn tdn ta}i ¢ dang acid tu do ngdm nudc, bot tinh thé mau vang nau, nhi¢t d nong
chay 190°C, hau nhu khong tan trong nudc, ether, alcohol va cac dung méi hiru co khong
phan cyc, nhung tan dé dang trong dung dich kiém. Mau cua dung dich chi thi thay do1 theo
pH va cac nac phan ly cua chi thi dugc trinh bay theo so d6 sau (u = 0,1):

QKEH—W _‘p—Ka%—S—’SAb: pKag_% M: -
HaL '~ , ML [ Bl (= ) HLY L'

< ) <270H > N 'H
vang P Po xanh

1
- COOH

Quang phd hap thu cua chi thi trong dung dich ¢ cac gia tri pH khac nhau dugc minh hoa &
hinh 8.1.



bo hép thu

Hinh 8.1:

1'4: Quang phé hap thy ciia ALC ¢ cdc
1'2_ pH khdac nhau. Ham luwong 9.96
(1)(8) ppm trong nuoc.
0.6- (1) pH 4.6;
0.4 (2) pH 7.0;
0.2° (3) pH 10.0;

400 500 600 700 (4)nHIIS:

Budc song

8.1.2.2. Phan tmg tao phirc va cac tinh chat cua phirc:

Céc ion kim loai tao phirc mau véi Alizarin Complexone c6 thé dugc chia thanh 2 nhom.
Nhom thir nhét 1 cac ion kim loai tao phtrc d6 (MHL) & pH = 4,3 — 4,6, 6 pH nay chi thi ty
do c6 mau vang. Nhom thir hai 1a cac ion kim loai tao phtrc d6 — tim (ML) tai pH = 10, 6 pH
nay chi thi ty do c6 mau doé.

Nhom 1: Ba, Ca, Cd, Mg, Mn(II), Ni, Sr.

Nhém 2: Al, Cd, Ce(I1I), Co(II), Cu(Il), Fe(III), Ca, Hg(Il), In, La, Mn(II), Ni, Pb, Th,
Ti(IlT) (IV), Zn, Zr, va D4t hiém.

Hing s tao thanh cta phan Gng:
M?** +HL*> = MHL" 1gK = 12,19 (Zn), 12,23 (Ni), 12,25 (Co), 14,75 (Cu).
Con phan ng:
HML +M* = M,L+H" 1algK = 0,8 (Pb) va 3,5 (Cu) (n=0,1, 200 ).
CAu tao cia MHL nhu sau:

H

0" o O~ OH,
(I)/ \g)’OH2
¢ | ieo

BC | CH

0 c,~ N

Phtrc d6 cua cac ion DAt hiém ¢ pH ~ 4 chuyén thanh mau xanh khi ¢6 mit ion F~ do c6
su tao phirc MLE. Trong cac nguyén to dat hiém thi phuc cia La(III) va Ce(IIl) c6 sy doi
mau nhay nhit, va phan tng nay duoc st dung nhu mot phwong phap quang phd dic biét co
do nhay cao dé xéac dinh ion F~.

Su két hop caa F~ 1am suy yéu lién két O — H, do d6 n6 c6 thé phan ly & pH = 4 ¢ pH nay
chi thi tg do khong phan ly dugc.



Quang phd hip thy cua phitc LaHL va LaLF duoc minh hoa ¢ hinh 8.2.

Do hap thu
-

1.2 -
1.0 -
0.8 -
0.6 -
04 -
0.2 -

400 450 500550 600650 700

Phtrc mau xanh c6 thé duoc chiét voi dung méi hitu co néu nhu nudc ¢ ion dat hiém
dugc thay thé bang phéi tir ky nudc nhu alkinamine hay arylamine. Qua trinh chiét dya trén
tinh chit ctia dung méi chiét va cac amine, va iso—buthanol hodc iso—amylalcohol chtra n—
diethylaniline 5% N cho két qua t6t nhat. Hinh 8.3 minh hoa quang pho hap thu cta dang

chiét.

3

Budc song

500

Céc hang s6 can bang ciia hé thong La—ALC va La—ALC—F duoc tom tat trong bang 8.1.

550 600 650 700
Buoc song

Hinh 8.2. Quang phé hdp thu
cua phuc La-ALC va phic
La-ALC-F.

(1) LaHL, (2) LaLF;

(3) sw khdac nhau gita LaHL
va LaLF; nong do 0.002M;
F, 20ug.

Hinh 8.3. Quang phé hdp
thu cua phic La-ALC-F
trong dung dich
iso-amylalcohol chira 5%
N,N-diethylaniline;
F,0.5ppm.

Bang 8.1: CAC HANG SO BEN CUA HE THONG LA-ALC
VA LA-ALC-F O 25°C VA p = 0,1 (KNO).

Cén bang

Hang s6 can bang

Hé thong La-ALC




2M + 2H2L = M2L2 + 4H+ 1gK202 = 0,28
2M + 2H2L = M2HL2 + 3H+ 1gK212 = 5,58

Hé théng La-ALC-F

2M + 2H2L + F- = M2HL2F + 3H+ | 1gK2121=9,70
2M + 2H2L + F- = M2H2L2F + 2H+ | 1gK2221 = 14,17

8.1.3. Céch tinh ché va d6 tinh khiét cta thude thi:

Hau hét cac mau thudc thir ban trén thi truong co thé sit dung cho cac viéc phan tich
thong thuong khong can dd tinh khiét. Nhung do61 véi nhitng phép phén tich can do tinh
khiét thi can phai tinh ché thuoc thir trudc khi dung. Qua trinh thyc hién nhu sau:

Can chinh x4c 1(g) bot mau cho vao 50ml dung dich NaOH 0,1M, loc dung dich, roi
dem chiét Alizarin 5 1an bang methylenedichloride. Lam lang chi thi ty do bang cach thém
ting giot acid HCI va khudy déu trong mot bon lanh. Loc phan ling trén mot phéu loc thuy
tinh, rira sach bang nudc lanh, va lam kho bang thiét bi c6 chan khong.

Do tinh khiét cua acid ty do ¢o thé kiém tra bang phép do kiém hodc chuan do trac
quang véi dung dich chuan Al 6 pH = 4.

Céc ing dung phan tich:
8.1.4. Str dung phirc véi Ce hodc La 1am thude thir trong phép do quang cho Fluoride:

Khoang pH t6t nhét cho phan tng tao mau 1a tir 4,5 — 4,7, va ban chat cia cac dung dich
dém ciing anh huéng t6i do nhay cta phan tng. Dém Succinate duoc sir dung nhiéu nhit,
hdén hop dung dich thudc thir luic ndy sé& dugc 6n dinh trong khoang 9 thang. Con dém
Acetate thi duoc sir dung cho phuong phap chiét tric quang. Su c6 mit ciia dung méi hitu
co ciing 1am ting d6 nhay va Acetone (20% — 25%) cho két qua tot nhat. Mau duogc 6n dinh
trong 1 gio. PO nhay ciing c¢6 thé duoc ting 1én nho dung moi chiét. Viéc thém natri
dodecysulfate cling 1am tang do nhay phan trng mau nay.

Céc cation nhu Al, Be, Th, Zr, gy can trd di v6i phan tng mau, ching canh tranh véi
thudc thir trong viéc phan tmg tao phirc v6i F-. Cac cation nhu Al, Cd, Co(Il), Cr(IIl),
Cu(1l), Hg(DL), Fe(I)(I), Mn(II), Ni, Pb, V(IV), Zn, cling gdy can tr¢, chung tao phurc
v6i Alizarin complexone bén hon so véi cac ion dat hiém. Cac Anion nhu BO* va PO,*
cling gay anh hudng, chung tao phtrc bén vé6i cac ion dat hiém.

8.1.4.1. Qua trinh tric quang d6i véi fluoride trong dung dich nuéc.
Dung dich thudc thir:

Chuyén mét vai ml dung dich nudc chira 47,9 mg Alizarin complexone, 0,1 ml dung
dich ammoniac dic va 1 ml ammonium acetate vao binh dinh mic 200 ml chtra sin dung
dich dugc pha tir 8,2 g natri acetate va 6ml acid acetic déc trong mét lugng nho nude. Thém
100 ml acetone va khudy déu. Roi sau d6 thém tiép mot dung dich dugc pha tur 40,8 mg
La,O; trong 2,5 ml HCI 2N. Cudi cung, dinh mirc t6i vach bang nude cit. Dung dich nay
dugc 6n dinh trong 2 tuan.

Qua trinh xac dinh:

Cho mot chat kiém yéu hodc miu dung dich trung tinh ¢6 chtra 3 ug — 30 ug F~ vao binh
dinh murc 25 mlq. Thém 8,00 ml dung dich hon hop thLlf)C t}}fr roi dinh ml'ICNtc'ri vach. Sau 30
phut dem do pho hap thu ¢ budc song 620 nm. Lam mau trang khong ¢6 mau chura F-.

8.1.4.2. Qua trinh chiét tric quang d6i véi Fluoride:



Cho 20 — 30 ml dung dich miu chtra 0,5 — 10 pg F~ vao trong phéu chiét 100 ml. Lan
lugt thém 3ml dung dich Alizarin complexone 0,001M, 3ml dung dich dém acetate (pH =
4.4), 8ml acetone, va 3ml dung dich lanthanium chloride 0,01M, rdi pha lodng hdn hop toi
50ml. Chiét phirc mau xanh bang cach lic dung dich nudc véi 10ml iso—amyl alcohol chira
5% n,n—diethylaniline trong 3 phut trén may lic. Sau khi c6 su phan chia pha, dem do phd
hép thu cua pha hiru co & bude séng 570nm. Lam miu tring 13 dung dich khong chira mau.
Dinh luit Beer dugc 4p dung ding trong khoang noéng do cua F 13 0 — 10 ppm.

8.1.5. Cac tng dung khéc:

Alizarin complexone dugc st dung trong phuong phép tric quang dé xac dinh cac ion
kim loai nhu: Al (pH = 4,1 — 4,3, A = 455nm), Cu(Il) (pH = 3,5), Mn(II) (trong kiém, A =
570nm), Co(II), Ni(Il) (pH = 4,5, A = 500nm), V(IV) (pH = 10,3 — 10,8, acid ascorbic,
CPC).

N6 ciing dugc sur dung nhu 1a mét chi thi kim loai trong phép chuan d6 tao phuc cua Co
(ID), Cu(Il), In, Pb, va Zn nhung trong cac truong hop nay dung xylenol da cam va methyl
thymol xanh thi t6t hon.

8.1.6. Cac thudc thtr cting ho:
8.1.6.1. Sulfonated Alizarin complexon (ALC-5S, AFBS).

Thudc thir nay tan trong nude nhidu hon so voi thude thir gbe. Hoat dong cua phuc La
voi F- da duge nghién ctru & mot vai khia canh, va nhan thay thudc thur nay c6 dd nhay thap
hon so vo1 thude thur goc.

8.1.6.2. Quinalizarin complexone.
Céng thfIC phén tu: C19H15010
KLHT = 417,33 dvC

Cong thirc ciu tao:

OH O OH
A OH
O‘O . CH,COOH
CH,N’
I CH,COOH
OH O

Phtic ciia cac nguyén t dat hiém (Ce, Nd, Pr, va Sm) véi thudc thir ndy hoat dong twong
tu nhu phirc ctia Alizarin complexone. D6 nhay d6i voi viée xac dinh fluoride gip 1,5 lan so
vo1 phirc cia Alizarin complexone. N6 tao thanh phtrc mau véi borate trong moi trudng
H,SO, dam dic, vi thé dugc dung dé xac dinh boron trong cac hop chat.

VIL2.THUOC THU MUREXID
Cong thure phan tir: CsHsO¢Ns.NHy
KLHT = 284,19

Cong thirc cau tao:



H
N\y/o
NH

8.2.1. Danh phap:

5-[(Hexanhydroxy—2,4,6-trioxo—5-pyrimidinyl)imino]-2,4,6—(1H,3H,5H)—yrimi
dinetrione, mudi monoammonium; 5,5-nitriloddibarbituric mudi amino acid ; amino acid
purpurate; amino purpurate.

8.2.2. Ngudn gdc va phuong phap tong hop:

Co6 thé mua trén thi truong. Diéu ché bang phan ung cua alloxantine vé1 ammonium
acetat trong acid acetic soi.

8.2.3. Tinh chét cua thudc thur:

Murexid 1 tinh thé dang bot c6 mau do tia, c6 mau xanh sang khi bi anh sang chiéu vao.
N6 thi khong bi ndong chay cling nhu khong bi pha v ¢ nhiét do dudi 300°C. Dung dich véi
nuoc ¢6 mau do tia nhung mau bi phai nhanh. Murexid tan trong nudc lanh va
ethyleneglycol, tan nhiéu trong nuéc ndéng va khong tan trong alcohol va ether.

Phuong trinh phan ly:

pKa =0 pKa =9,2 pKa=10,9
HL HT HL HL

4

Sy hép thu quang phd cua Hy,L" va H,L trong dung dich nudc duoc trinh bay & hinh 8.4
sau:

\ .
1| : X \ Hinh 8.4: ph6é hap thu cua murexit va
_f _ L chelat kim loai =—murexit; ,
| murexit(dung dich trung tinh, HL),

e (x10M)

2 ————————— , murexit (dung dich kiém manh
\ H2L3'),' ,Ca- murexit (CaH L) tai
2| pH = 13; ,Cu(ll) - murexit (CuH L’)
000 450 500 550 600 tni nH = 8

Budc séng

8.2.4. Phan tng tao phirc va tinh chét cua phirc:
8.2.4.1. Phan ung tao phuc:



Trong dung dich trung tinh hodc dung dich kiém ion purpurate hinh thanh phtrc mau
chelate vo1 cac ion kim loai nhu Ca, Cu(ll), Co(Il), Ni va Zn ...Mau cua cac chelate tuy
thudc vao ban chat ctia kim loai va pH cia dung dich.

B o N O]
J\ ‘ /M‘ )
ie] N o -
H

Trong trudng hop chelate cua can xi sy can biang duge biéu dién nhu sau:

pKa =82 pKa, =9,5

CaH4L+ ¢ CaH L < CaH L

8.2.4.2. Tinh chat cua phirc

Céc chelate cua Cu(Il), Ni(IT), Co(II) c6 mau vang va chelate ciia Zn Ca thi c6 mau vang
cam.

8.2.5. Do tinh khiét cua thudc thur:

Thudc thir ran thong thuong co chira mot lwong nhod vé phan traim (20%) ctia Murexid
(amino acid purpurate) va mot lwong 16n cia uramil, alloxantine, ...tuy nhién ttr mau khéng
tinh khiét dé lam cho né tinh khiét thi cling rat kho khan.

DPé miu c6 do tinh khiét cao co thé duoc diéu ché tir alloxantine tinh khiét sao cho phu
hop véi ti€u chuan.

Dé xac dinh chat tho trong thudc thir tinh khiét bang cach chuan do véi TiCl; hodc ¢6
thé danh gia bang cach do d hap thu cua dung dich trong nudce (0,5mg/100ml & budc song
520nm, £ = 120.10%).

TT | PH | Mai trwong | Mau thay doi

Ca 12 NaOH bo Tim
C‘;(H 8 | NH3 |Vang| P6tim
C‘;(H 8 NH3 |Vang| Tim
Ni(Il) | 10 NH3 Vang | Xanh tim

8.2.6. Ung dung trong phan tich:
Murexid duoc sir dung 1am chi thi kim loai trong chuan d6 EDTA.

Nhung 1am chi thi t6t nhat 1 ding ngay sau khi pha. Dung dich nuéc ctia Murexid thi
khong bén, dung dich ethylene glycol 0,1% thi c6 thoi gian bao quan dai hon dung dich véi
nudc. Con thude thir kho duoc tron 1an véi NaOH hoic KOH khan véi ti 1& (tir 1:100
-1:500) duoc str dung rong rai hon Murrexid con dugc lam thude thir trong phan tich trac
quang cta Ca (¢ pH = 11,3 & budc song 506nm) trong mau thyc.

8.2.7. Hang s0 bén cua phtrc Murexide vo1 mot sO ion kim loai:

TT Ion PH

KL 4 | 5 e | 7] 8 | 9 [ 10 | 11 | 12 |




Ca . . - |26 | 28 34 4,0 4,6 5,0
Cu(Il) - - 64 | 82 | 102 | 122 | 136 | 158 | 17,9
Ni - - 46 | 52 | 6.2 7.8 903 | 103 | 113
Eu 534 | 542 | - - ] - - ] -
Gd 490 | 500 | - - - - - - -
La 449 | 455 | - - _ _ - - -
Tb 489 | 498 | - - - - - - -

Gia trj tir hé quy chiéu 3 & nhiét do phong, u =~ 0,1. Gia trj tir hé quy chiéu 4 & nhiét d6 &
25°C+0,1; u= 0,1

VII.3.HYDROXYLQUINOLINE
Cong thuc phan tu: CoH,NO
KLPT = 145,16

OH
8.3.1. Danh phap:
8—Quinolinol, oxine.
8.3.2. Ngudn gbc va phuong phap tong hop:

Co ‘thé tim thiy trong cong nghiép. Thu dugc tir sy sunful hda quinoline, va bang phan
ung kiém nong chay.

8.3.3. Str dung trong phan tich:

Nhu 1a mot thude thir dé tach chiét, chiét trac quang, va la chét tao tua cho nhiéu ion kim
loai ngoai trir cac cation hod tri mot. B chon loc c6 thé dugce cai thién bang cach chon gia
tr1 pH thich hgp va dung nhirng tic nhan che.

8.3.4. Nhing tinh chat cua thudc thir:

La tinh thé khong mau hodc két tinh & dang bot trong sudt, diém noéng chay tir 74 dén
76°C, diém bay hoi khoang 267°C, thing hoa trén 310 (2.107 Torr); hau nhu khong tan trong
nudc va erther; dé dang tan trong nhitng dung méi hitu co va nhiéu acid nhu acetic acid
hodc nhiing acid v6 co. Sy hoa tan trong dung moi khan thi khong mau, nhung s€ ¢c6 mau
vang trong moi truong am. 8—Hydroxyquinoline thi 6n dinh ¢ thé ran ciing giéng nhu &
trang thai dung dich, nhung nén bao quan chd tbi; pKa (N+H) = 4,85 va pKa (OH) = 9,95 (n
= 0,1NaClOy, 250).

Nhitng dit liéu hip thu quang pho cta thudc thir trong vung UV dugc tong _hop trong
bang 8.2. Hon nita, nhitng thay d6i rd rét ciia quang phd dugc quan sat trén mdi dang tai
nhimg vung khac nhau cta proton. Quang pho cua oxine trung tinh trong nhimg dung mai
hitu co thi phy thudc rat nhiéu vé dic tinh riéng ctia dung mdi, tir can bang dudi day thi c6
su bién d6i boi dung moi phan cuyc.




Zwitter

Neutral

Oxine duoc st dung rong rai nhu thude thir tach chiét cho nhiéu kim loai, va hé sb phan
bo cua oxine trong nhitng h¢ dung mdéi nudc—hiru co khac nhau thi dugc tong hop trong
bang 8.3.

8.3.5. Nhitng phan tng tao phirc va nhitng tinh chit cua phirc:

Oxine dugc xem nhu phéi tr anion hoa tri mot dé tao thanh chét khong canh v&i mot
khoang rong céac ion kim loai. Nhimg cation cta hat mang dién tich +n va c6 sb phdi tri 1a
2n thi dugc goi 1a “phdi tri bdo hao chelate khong mang dién” né khong thé hoa tan trong
nuéc nhung dé dang tan trong nhitng dung mdi hitu co (cau tric (1) ctia Fe(II) —oxinate 13
mot vi du). Khi s6 phéi tri cia kim loai 16n hon 2n, nhitng noi khong phéi tri ciia ion kim
loai thi thuong bi nude chiém chd dwge minh hoa bang cdu tric (2) cua nickel-oxinate 13
mot vi du. Mic du loai chelate nay thi hoan toan khong tan trong nudc, né ciing khong dé
dang tan trong nhitng dung méi hiru co mic du ¢6 sy hién dién cua nudc phdi tri (dung dich
cua ZnL,.2H,0 trong CHCl;, 2.10°).

, Fe ' 1
g’ LY " I~
N""""m 7 a
\—~0 OH,

Vi du: khi mét dung dich cua Cd, Zn, Ni, hodc Mg duogc lic chung véi dung dich
chloroform va oxine tai pH thich hop, nhitng kim loai d6 c6 thé dugc chiét & dang chelate—
ML,, nhung trong vai phit ching tré thanh dang hydrad hoa va tach ra khoi pha chloroform.
Tuy nhién, nhimng chelate c6 thé duoc chiét thanh cong boi nhitng pha hitu co, bang cach
thém chat phu trg khong phéi ta, nhu 1a pyridine, 1,10—phenanthroline, alkylamine, hodc
thém du oxine, hodc sir dung dung méi phdi tri, nhu MIBK hodc amylalcohol, nhu mot
dung moi chiét.

Oxine thudc nhom phenolic 14 acid yéu, mic d6 phan tng tao phirc véi ion kim loai thi
phu thudc nhiéu vao khoang pH ciia moi trudng phan tng. Gia tri pH tot nhét cho viée tao
thanh két toa va cho luong chiét vo1 chloroform duoc tong hop & bang 8.4. Kha ning chiét
thi cling phu thu¢c vao khoang ndéng do cua oxine trong pha hitu co. Cac gia tri pH cho &
bang 8.4 duogc st dung voi nong d6 cua dung dich oxine tir 0,001 dén 0,01 M. Nhiing hang
s6 chiét v6i chloroform, va gid tri pH cho 50% chiét ciing chira trong bang d6. Sy chiét
thudng nhanh hon tai ndng do oxine cao hon va gié tri pH cao hon.

Mot vai chat khong mang dién, cac phdi tri bdo hoa oxinate kha ning thing hoa dudi ap
suat thap, va tinh chat nay c6 thé trng dung dé tach nhiing oxinate kim loai bang viéc thang
hoa phan doan. Nhi¢t d0 thang hoa cua vai oxinate kim loai dugc cho & bang 8.4.

Hing sd bén cua oxinate kim loai thuong duoc quan sat trong dung méi hiru co dang
nude dua vao su it tan trong nudce. Nhitng gié tri d6 dugc hoan thanh trong bang 8.5.



Dung dich chloroform véi nhing oxinate kim loai thuong cé mau vang va sy lién két d6
dugc bidu dién bang cac gia tri rd rang, ¢ d6 oxine chua lién két thi hap thu rat it. Ngoai trur
cac oxinate cua Fe (III) (xanh — den) va V (V) (do den) ching co nhing lién két rat phuc
tap. Su hap thu quang phd ciia mot vai oxinate kim loai trong chloroform dwgc cung céap
trong hinh 8.5, va nhitng dic diém quang phd ctia oxinate kim loai nhitng phan quan trong
ctia phan tich thi duoc tong hop & bang 8.6. Mic du kha ning hap thu cua chung thi khong
dugc cao, nhung oxine tao thanh cac chelate voi rat nhiéu ion kim loai, vi vay oxine dugc
xem nhu mot thude thir hiru co thong thuong nhat cho viéc phan tich kim loai. Kha nang
chon loc ¢6 thé dugce cai thién dua vao viéc chon pH thich hgp va vi¢c che nhiing tac nhan
trong giai doan trich chiét.

Hinh 8.5: Pho hcfp thu cua Al
Fe(ll) va UO, oxinates trong
chloroform. (1) Oxine; (2) Al 50

100 50 W0 ug; (3) Fe(ll) 100 ug (4)
Butesing () U022+ (100 ug nhw U).

Trong chloroform, oxine ban than né ciing c6 kha nang phat huynh quang yéu dudi anh
sang UV, tuy nhién, nhiing oxinate cua ion kim loai nghich tir thi c6 kha ndng phat huynh
quang manh trong diéu kién tuong tu. Duya trén nguyén tac nay, sy xac dinh déu hiéu huynh
quang cua nhitng kim loai dugc dua ra. Nhitng oxinate kim loai phat huynh quang du manh
cho viéc xac dinh 1a Al (Amax = 510nm), Ga (526nm), Nb (580nm), Sc(533nm), Zn (530nm),
va Zr (520nm).

Nhiing dung dich chloroform ciia nhiing oxinate kim loai biéu dién & két qua quang
phan giam cham kha nang hap thu. Nguyén nhan nay c6 thé 1y giai do sy hinh thanh
phosgene trong qua trinh quang phan cua chloroform.

8.3.6. Sy tinh ché va d¢ tinh khiét ciia thudc thir:

Oxine 14 hop chét hoan toan xac dinh v6i diém ndng chay rd rang.

Oxine thd 6 thé duogc tinh ché dya vao dong oxinate bang sy phdi tir trong véi H,S hoic
bang su chung cat hoi nudc sau khi aicd hod bang H,SO,... BPiém nong chay (73 dén 75°C)
mot ti€u chuan rat tot cho viée tinh ché.

8.3.7. Ung dung trong phan tich:
Dung nhu mot chét chiét va quang tric:

La mot chét chiét thich hop ciia nhiéu oxinate kim loai trong hé thong nudc—chroloform
dugc tong hop ¢ bang 8.4. Nhiing diéu kién cho sy chiét ctia nhitng ion kim loai c6 thé ciing
dugc tim thay trong bang 8.6 n6 duoc tong hop nhimg tmg dung cia oxine nhu 1a mét tac
nhan ciia trac quang. Su chon lua gia tri pH phu hop cho qua trinh chiét va viéc che nhiing
tac nhan thi rat can thiét cho viéc ting do chon loc. Chloroform la dung moéi dugc uu tién
nhat cho qu4 trinh chiét. D6 nhay cta viéc xac dinh tric quang cua nhiéu kim loai thi khong



cao, do phén tir gam hap thu trong khoang 10° dén 10*, nhung oxine van tiép tuc hitu dung
l1a mot thuoc thur do quang hitu dung vi né dugc ing dung rong rai.

Dung nhu mdt chi thi két taa:

Nhiing thong tin vé oxine nhu 1a mdt chat phan tich dugc gidi thiéu boi Berg nam 1927,
trong nhirng nam dau n6 duoc dung chu yéu nhu 1a mot tac nhan tao tha cho viéc tach va
phan tich trong luong dé xéac dinh nhiing ion kim loai. Sy tao tha véi nhiéu oxinate kim loai
cling c¢6 thé dugc xac dinh bang phuong phép do thé tich. Oxine phan tng d& dang va dinh
luong voi bromine tao thanh 5,7—dibromoxine. Nhitng oxinate kim loai dugc hoa tan trong
HCI1 4m va duoc xit Iy béng KBr va dung dich KBrO; du. Sau d6 thém KI, bromate du dugc
xac dinh bang cach chuin do iodine thoat ra bang dung dich Na,S,0s tiéu chuan.

PFSH (két tia tir dung dich dong thé) k¥ thuat duoc gidi thiéu cho sy chuan bi oxinate
kim loai nhirng chat nang hon, dé dang loc hon, va it nhiém ban hon véi phoi tor du va
nhitng nguyén t6 thém vao dugc chuan bi bang qua trinh cil.

Trong phuong phidp PFSH, oxine dugc tao ra bdi su thuy phan 8-acetoxyquinoline
(diém noéng chay tir 56,2 dén 6,50) dé két tha véi (AIL, BiLs, CuL,, GaLs, InL;, MgL,,
SbOL.2HL, ThL,.HL, UO,L,.HL hoac (UO,L,)..HL, va dung dich chtra oxine, ion kim loai,
va urea (AlL3;, BeL,, CrLs;, MgL,, NbOL;). Néu ureaza duoc thém vao trong hon hop thi
phan tng c6 thé tién hanh tai nhiét d6 phong.

Phuong phap sic ky dugc ding dé kiém tra nhanh mét s6 oxinate kim loai trong mét vai
linh vuc nho. Nhiing oxinate kim loai ¢6 thé dugc tach trong cot hodc ‘trong 16p mong. Ion
kim loai ciing c6 thé tach trén gidy loc véi oxine, thém vai hat silica dé ¢ dinh oxine, hoic
trén chét cao phan tir c6 nhom chirc oxine.

8.3.8. Nhiing thudc thir khac c6 cdu tric lién quan:
8.3.8.1. 2 — Methyloxine (8 — hydroxyquinaldine):
CioHoNO
KLPT = 159,19

X

=

N CH;,

OH

L6p nho khéng mau, diém néng chay tir 73 dén 74°C, nhiét 46 nong chay khoang 266
dén 267°C; pKa (N+H) = 4,58 va pKa (OH) = 11,71 (50% dioxane, 250). Nhiing gié tri KD
dugc tong hop trong bang 8.3. C6 tinh chat vat 1y hoan toan gong nhau va tao canh dé dang
vO1 oxine, ngoai 1¢ voi Al va Be. Al khong thé tao tua véi 2-methyloxine. biéu nay duogc
giai thich bai sy b tri trong khong gian ctia nhém methyl trén 2 vi tri ma khong tao thanh
ciu trac ML; — loai chelate v6i A" né thi c6 ban kinh ion kha nho. Mic di, 2—-methyloxine
1 mot chét giong nhu oxine nhung khi du nhiéu véi Al gdy tré ngai cho viéc xac dinh kim
loai.

Tuy nhién, theo su viéc gan day, Al duogc tach mot phan v6i 2—-methyloxine trong dém

acetate. Piéu nay ciing c6 thé duoc giai thich vé sy c6 mit cua ion acetate voi viée hinh
thanh mot phan ion véi bis—chelate (AIL*") trong su chiét chloroform.



Be c6 thé tao tiia vi 2—methyloxine tao thanh BeL,, trong khi két tiia nay khong hoan
toan voi oxine. Thudc thu nay ciing duoc sir dung nhu mot thudc thtr chiét tric quang cho
mot nhom ion kim loai, gdm Mn(II), Pd(II), va V(V).

8—Acetoxyquinaldine (diém néng chay tir 63 dén 640) duoc sir dung nhu mdt tién than
cua 2—-methyloxine trong phuong phap PFHS tao tia ThL4, CuL; va InL..

8.3.8.2. Oxine—5—sulfonic Acid:
CoH,NOS

KPPT = 225,22
SO,H

\

OH

O dang tinh thé bot mau vang. D& dang hoa tan trong nuéc; pKa (N+H) = 4,10 va pKa
(OH) = 8,76 (n —0,250). Chelate c6 tinh tuong tu nhu oxine, nhung chelate khong hoa tan
trong nudc. Do d6, thude thir nay duoc dung nhu 13 thude thir tric quang (Fe(III), Ta(V) va
V) hodc nhu mot thudc thu huynh quang (Al, Cd, Ce(IV), Ga, In, Mg va Zn) cho ion kim
loai trong dung dich nudc. Khi giai doan chiét khong can thiét, thi qua trinh d6 tuong ty nhu
oxine. Hon nira, d§ nhay va do chon loc c6 thé duogc loai trur b?mg viéc loai bo giai doan
chiét. Két qua chelate kim loai trong pha nudc cé thé tach ra boi dung méi thom hoic
chloroform nhu mét cip ion vdi mot chudi alkylamine hodc Zephiramine cho tric quang.

Bang 8.2: DPAC BPIEM QUANG PHO CUA OXINE

Dang A ax (nm) | € (x103)
Trung tinh (pH 7.6) 239 32,4
HL 305 2,63
Zwitter ion 270 2,84
HL* 431 0,064
Cation (pH 1) 251 3,16
oL+ 308 1,48
319 1,55
) 252 30,2
AmonIE)H 12) 334 2.88
352 2,82

(Nguén in dugc cho phép bodi Ardersen, P.D. va Hercules, D.M., Anal.Chem., 38,1702,
1966. Copyright 1966 Ho1 hoa hoc My.)

Bang 8.3: SU SAP XEP CAC HE SO CUA OXINE
VA 2 - METHYLOXINE(25 % 0.20,u = 0.10)
| Dung moi hitu co | OXINE | 2-Methyloxine |




1-Butanol 45,5 82,6
Carbon tetrachloride 116 435
MIBK 136 314
Toluene 162 557
o-Dichlorobenzene 303 1003
Dichloromethane 377 1248
Chloroform 433 1670

Bang 8.5: HANG SO BEN CHELATE CUA CAC KIM LOAI OXINTE

Ton kim loai log log log Didu kién. ’
: KML KML2 KML3 t°C u,, moi chat
Ag 5,20 4,36 - 1285D NaClO4 0,1
Ba 2,07 - - 20 -0
Be 3,36 - - - -
Ca 7,3 5,9 - 30 Dioxane 75%
Cd 9,43 7,68 - 25 Dioxane 50%
Ce 9,15 7,98 - 25 Dioxane 50%
Co(II) 10,55 9,11 B3 24,35 25 Dioxane 50%
Cu(II) 13,49 12,73 - 25 Dioxane 50%
Fe(Il) 8,71 216,83 | B3 22,13 25 NaClO4 0,3M
Fe(III) - - B3 38,00 25 NaClO4 0,3M
Ga 14,51 13,50 12,49 20 NaClO4 0,1
In 12,0 B2 24,0 B3 35,5 25 NaClO4 0,1
La 8,60 7,74 - 25 Dioxane 50%
Mg 6,38 5,43 - 25 Dioxane 50%
Mn(II) 8,28 7,17 B3 26,80 25 Dioxane 50%
Ni 11,44 9,94 - 25 Dioxane 50%
Pb 10,61 8,09 - 25 Dioxane 50%
Sc - - =9 - Ethanol tuyét doi
Sm 6,84 - B3 19,50 25 NaClO4 0,1
Sr 2,89 - B3 3,19 25 NaClO4 0,1
Th - B2 21,3 9,42 25 NaClO4 0,1
U022+ 11,25 9,64 - 20 Dioxane 50%
VO2+ 10,97 B2 20,19 - 25 0,085
7/n 9,96 8,90 - 25 Dioxane 50%

Bang 8.6: UNG DUNG CUA OXINE TRONG QUANG PHO

i \ P & 151
Ioit)l;llm biéu klén Ti so Amax (nm) (X 103) Sélgldllll?fll Ghi chu
pH4.5- 113,
Al tartarate, EDTA, ML3 | 386~390 6,97 0,5~5 -
H202




Co(Il) | pH3,3~9,9,H202 | ML3 420 9,48 0,3~3 -
Khéng thé tach
Cr(I1I) pH 6,0~8,0 ML3 420 7,28 0,5~8 tai pH <4
Ga pH 3,0 ~11,7 ML3 393 6,47 3,5~10
Tach véi iso-
Ga pH 2,9 ~3,3,700 | ML2X 600 19,5 - AmOH +
CHCI3
Che Al (CN-),
Hf pH4,5~113 ML4 385 22,9 0,6~12 U (acetat)
In pH>4,0 ML3 395 6,67 0,8~18
Khong tach
Mn(II) pH 9,0 ~10,5 ML3 395 10,3 0,3~7 duroc tai pH <6
Mo(VI) pH 9,0~10,5 MO2L.2 368 7,93 0,3~10 | Ag, As, Bi, Cd
pH 2,8 ~10,5, N
Nb(V) EDTA, Oxalate MO2L2 385 9,75 2,5~6
Pd(II) pH 3,0~11,2 ML2 435 7,15 0,5~15

Nhiéu nguyén t6 hoa hoc duoc xac dinh bépg trdc quang véi oxine: Au, Be, Bi, Ca, Cu,
Fe, Mg ...va nguyén to0 dat hiém, nhung d¢ hap thu phan tir cia nhitng oxit do6 khong cao
hon 6.10°.

Mot van dé khac duge dé cap dén, oxide kim loai dugc tach béng chloroform.

VI1.4.ZINCON
sl L)
N N

H.L (Na H, L)

8.4.1. Danh phap

0—{2—-[a—(2—-Hydroxy—5—sulfophenylazo)-benzylidene]-hydrazino}—benzoic acid, 2—
carboxyl-2’—hydroxyl-5’—sulfoformazinbenzene, S5—o—carboxylphenyl)-1—(2—hydroxy—5—
sulfophenyl)-3—phenylformazan.

8.4.2. Ngudn gbc va phuong phap tong hop:

Chi thi Zincon ¢6 moi noi. N6 dugc chuan bi bﬁng cach: cho 2—amino—l-phenol-4—
sulfomic tac dung véi nhau.

8.4.3. Cach stir dung phép phan tich:

Dau tién né duge gidi thiéu 12 mot thude thir (ghét phan tmg) nguyén thé cho Cu(Il) va
Zn, nhung bay gio nd con dugc st dung 1a mdt chat chi thi kim loai va dugc rng dung rong
rai trong nganh phan tich.

8.4.4. Tinh chat cta chat phan tng (thudc thir):

Thudng dugc cung cap nhu 1a mubi mononatri (NaH;L). N6 1a chat bot mau tim dam, nd

hoa tan nhe trong nudc va ethanol, dé hoa tan trong kiém, tao ra mdt dung dich d6 dam, va




n6 khong hoa tan trong cac chat hitu co thong thudng va nhanh chéng phan huay trong dung
dich acid. Cau trac hoa hoc cua Zincon c6 lién quan dén 1 chat la diphenylcarbazone va
trong dung dich c6 sy can bang phan ly proton trong dung dich nuédc.

Su khac nhau ¢ mau va gia tri pKa trong qua trinh pha ché co thé 1a do mau mau thir
khong trong sach. Pho hap thu cua Zincon 6 pH = 9 (HL*) duoc minh hoat ¢ hinh 8.6.

pKa,=4-4.5 Ka,=7.9(hoac 8.3 Ka;=13(hoac>14
H2L H3L- HZLZ— E 2 ( J HL3_ ‘p 3 ( 2 L4_
do hong },10{10 dé Vang Vang cam hodc tim
tim dé cam

8.4.5. Phan tng va tinh chat cta cac hop chat:

Zincon mau vang (H,L*) hodc cam (HL*) & pH = 5 — 9 tao thanh dang ML mau xanh la
cac chelate tan duoc vai Co(IT), Cu(IT), Hg(I), Ni va Zn. Hé sb hap thu mol cia cac chelate
Cu va Zn 1a qua cao (CuL, pH = 5,0 — 9,0, Apax = 600nm, € = 1,9.10% ZnL pH = 8,5 - 9,5, A
mx = 620nm, € = 2,3.10* , chinh vi vy ma Zincon dugc xem nhu mét thude thr d6 quang
cho nhiing kim loai ndy, ph6 quang hap thu ca Cu(II) va Zn dugc minh hoa & hinh 8.6.

1.0 -

=
oo

Hinh 8.6:Phé hdp thu cua
Zincon va Cu, cac chelat Zn-
Zincon, nong dé nong do thudc
nhuéom 4.0x10°M, tai pH = 9.
1(1): Nhuom; (2): chelat Zn;
(3): chelat Cu.

HEé 55 hip thu
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{) ] |
400. 500 600
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CAu trac cta kim loai chua duoc lam sang to, tuy nhién co thé xem Zincon nhu lam mét
chi thi pho bién nhat dé két hop kim loai sat voi 2 oxi (OH, COOH) va 2 Nito (N=NI1NH)
khong c6 s6 liéu nao vé cong thirc hoa hoc ngoai trir cong thure sau:

HL* +Zn* 8@ ZnL> +H* 1gK = -1 (hoic -1,8)
8.4.6. Cach lam sach:

Zincon tir cac ngudn cung cap thuong mai ¢ thé duge sir dung ma khéng can 1am tinh
khiét cho cac muc dich phan tich chung. Tuy nhién, kiém tra d6 tinh khiét cho cac nghién
ctru hoa 1y 13 can thiét, cic chat ban chinh 1a mudi vo co ¢ thé liy ra bang cach sir dung
acid dilute acetic, cac chit ban hiru co c6 thé cho chay nguoc, ...

8.4.7. Ung dung phén tich:
8.4.7.1. Str dung nhu 13 thudc thir do quang:

Zincon 1a mét thudc thir do anh sang twong dbi nhay cam d6i véi Cu(ll) va dic biét 1a
Zn.

Diéu tré ngai chinh cua Zincon la thiéu tinh chon loc va tinh 6n dinh thép cua thude thur,
vi vay, phép do trac quang voi Zincon dugc ing dung vdi mau thir sau khi tdch Zn bang
dung moéi tach hodc qua trinh trao d61 anion cac dau vét cua NTA (nitrilo triacetic acid) &



cdc mau trong mdi truong nudc ¢ thé duoc xac dinh bang cich do do gidm cua chat hut.
Nudc Zn, Zincon ¢ 620nm dya vao phan ng sau:

NTA +[Zn-Zincon| @ &y [ Zn—NTA] + Zincon  (pH=8,5 > 9,5)

Néu NTA thip hon 0,2ppm thi co thé xéac dinh bang phuong phap nay. Sy xac dinh déng
thoi caa Qu, Fe, Zn trong mot mau thir 1a c6 thé dugc boi vi cac dinh hﬁp thu cua moi chat
khong chong chéo 1én nhau, phuong phap nay duogc &p dung cho tién trinh do anh sang
chay.

8.4.7.2. Xac dinh NTA trong nudc thai:

Hoa tan 31g boric acid va 37g KCI trong 800ml nudc cat diéu chinh do pH trong dung
dich pH = 9,2 v&i NaOH 6N va pha loang thanh 1000ml.

Dung dich k&m: hoa tan 0,440g ZnSO, + H,O trong 100ml + thém HCI 2N d6 vao binh
dinh mtrc dung tich 1000ml va dinh mrc t61 vach

Thudc thir Zn—Zincon: hoa tan 0,130g Zincon trong 2ml NaOH IN, d6 vao binh dinh
murc dung’tich 1000ml thém SOOm} dung dich dém va 15ml dung Qich kém, dinh muc to1
vach. Thuoc thur nay nén dugce chuan bi méi hang tuan khong nén dé dung dich lau ma nén
bao quan trong bong toi.

- C4ch tién hanh:

Dung pipet hut 25ml d6 vao coc 50ml véi méi mau chung cat va tiéu chudn 1a Sppm
NTA, thém xap xi 2,5g nhya cation traoi d6i, dung dua thuy tinh khudy déu vao mdi cdc.
bay nap bang 1 cai nap thuy tinh trong va khuiy bang may hut chan khong khoang 15 phut.

D6 miu loc qua glay loc trudce khi loc va khong dugce rua chat két tua. Dung pipet hut tiép
15ml chét di loc d6 vao cde thtr 3 ¢ dung tich 50ml, thém 35ml Zn—Zincon.

Zincon ciing dugc sir dung nhu 1a chat chi thi kim loai trong nghé.
8.4.8. Chat phan tng khac ¢6 cau tric lién quan:

Nhiéu thudc nhudém fozmazan di dugc tong hop va ude luong nhu 1a thude thir phan
tich, chung dugc dé cap ¢ nhiéu bai bao khac nhau, nhung rat it c6 rng dung thuc té.

Mudi ndy c6 cong thirc chung & (1) va (2) c6 thé duoc xem nhu 13 tién than cta thude
nhudm formazan.

N=—HN C_N\\. N—C
k OO
N—N =/ “N—N
aJNG'
x1 Jh

(2)

Mudi nay thuong khong mau nhung d& chuyén thanh formazans c6 mau dim cip
formazan va thé oxi hoa—khir ciia cip mubi tetrazolium/tormazan thap va ching c6 thé
chuyén thanh cac dehydrogenase khac nhau. Do d6 mubi nay dugc ap dung rong rii nhu 1a
mét thudce thir dic biét cho viéc bao vé va xac dinh cac chit 1én men khac nhau trong cac
mau thir sinh hoc.



VIL5.XYLENOL DA CAM VA METHYLTHYMOL XANH
8.5.1. Danh phap:

Nhitng thudc thir trong ddy duoc liét ké ¢ bang 8.7, ciing v6i nhimg dong phan cia né.
8.5.2. Ngudn gbc va phuong phap cua su tong hop:

Vé mit thuong mai, XO dugc diéu ché tur su sur h(’;a dac Mannich 2 acid acetic, va re—sol
dé véi fomaldehit. Methyl thymol xanh dugc di€u ché tir thymol xanh.

8.5.3. Ung dung trong phan tich:
Nhan biét nhitng kim loai nhu: Bi, Cd, Hg, Mn(I1,) Pb, Sc, Th, Zn, Zr va dat hiém.
Nhitng tinh chit cua thdc thr:

8.5.3.1. Xylenol da cam(XO):

Nhitng mau thwong mai chira 2 hoic 3 mudi natri, 13 bot tinh thé ngam nudc mau do
sam. Acid tu do c6 thé thu duoc nhu dihidrat, nd nong chay & 286°C( ciling 1a nhiét do phan
hay). Mubi kiém réat d& tan trong nudc va tan nhanh trong ruou va trong dung méi hiru co
khéc. Nhitng mau thwong mai thuong 1a hdn hop ctia XO va nira XO véi nhirng ti 1 khéc
nhau (c6 khoang 17% cua nura XO).

Hing s6 phan ly acid cua XO gian tiép c6 duogc thi c6 nhiing gia tri khac nhau va chi
tuong d6i chinh xac, dai khai boi vi mau nghién ctru khong tinh khiét. Nhiing gia tri co
duoc dbi voi mau duoc 1am sach thé hién & bang 8.8. Dung dich nudc ciia XO c6 mau vang
& pH < 6, mau do6 tim ¢ pH > 6. Pho hdp thu cua dung dich nuéc XO trong thang pH nay
duoc minh hoa & hinh 8.7

8.5.3.2. Methylthymol xanh:

Nhitng mau mang tinh thwong mai c¢6 1 hodc 2 mubi natri, n6 1a bot tinh thé mau tim
sam hay den. N6 ngdm nudc va tan ngay trong nudc nhung khong tan trong ruou ethanol va
hau hét nhirmg dung méi hitu co. Dung dich nudc ¢ mau xanh (mau hoi d6 chi thoang qua)
va dung dich rit lodng c6 mau vang. Gidng truong hop ciia XO, nhitng miu thuong mai 1a
mot hon hop methylthymol xanh va nira methylthymol xanh (nira thymolxanh chiém
khoang 50%) .Hang s6 phan ly acid ctia MTB tinh ché dugc tom tit trong bang 8.8.

Maiu cua dung dich chuyén tir vang sang xanh khi né mang tinh kiém, su thay d6i phd
hép thu trong dung dich theo pH dugc minh hoa ¢ hinh 8.7, sy thay doi nay la do 1 hoac 2
proton c6 trong chinh thudc va phu thudc vao kha ning hip thu cyc dai cia MTB (XO) theo
gia tri pH hay hidro biéu dién ¢ hinh 8.8. Nguyén nhan cia viéc thay doi phd 1a do
complexon két hop voi ion kim loai 14 hoan toan twong déng béi 2 proton cua thudc thir,
khoang pH tdi wu dé do mat d6 quang thi han ché trong khoang tir 0 dén 6 cho XO va MTB.
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8.5.4. Phan (mg complexon va nhiing tinh chat cia complexon:

Mau vang cua dung dich thude thir & pH = 0, chuyér} sang tim & pH = 6 (XO) hay xanh
(MTB) khi complexon két hgp v&i ion kim loai, c6 thé can cr vao nhitng phan tng khac
nhau cta ching v6i thuoc thur.

Nhitng ion kim loai ma thuy phan trong khoang pH tir 0,0 — 6,0 khi d6 chi thi c6 mau
vang (xem hinh 8.9) (phan tng gitra ion kimloai vé1 XO hay MTB thuong cham va phai
dun nong ¢ 60 — 80°C, nhiét d0 nay tang 1én theo ty 1€ cia chung): Ag, Al, Au....

Nhirng ion kim loai phan mg v61 XO hay MTB trong khoang pH tur 0,0 — 6,0, nhung chi
thuy phan khi pH > 6 (day 1a khoang pH t&t nhat cho viéc xac dinh mat d6 quang): Cd, Cu,
Hg(), Fe(I)....va dat hiém.

Ion kim loai ma khéng phan tng véi XO hay MTB ¢ pH tir 0,0 — 6,0, nhung lai phan
g & pH cao hon. Nhiing ion kim loai ma thudc thir khong c6 ich cho chung bao gém: Ca,
Ba, Sr, Ra. Véi truong hop 1a MTB, tuy nhién mau ctia phan tng 1a do complexon cho phép
phan tich chi dung trong giéi han pH tir 11,5 — 12,5 (hinh 8.8)

Bang 8.8: HANG SO PHAN LI ACID CUA XO VA MTB

2 , Ka Diéu
Thube thir = 2 3141576 7 8 | 9 | kién
. 0 1 2 | 3 1 1 n=0,2
XO(HoLs") | -1,74 -1,09 76 | 15| 58| 23 6,40 05 | 2.6 | NO
MTB 0 1 2 | 3 1 1 n=0,2
(HoL5") -1,76 -111 78 | 13 | ,60 | 24 7.2 12 |34] (NOy)
Ntra <! |2 _ 1 | 250,u=1
XO(HqL,") 0,65 0,53 1,5 ,60 747 0,9 (KNO»)
Nua
N _ 2] 1 _ | 250,u=1
MTB§H4L2 2,0 81 7,6 21 (KNO»)
MXB 0 1 1 | 250,u=0,
(H.L,) <28 -1,90 08 2,013,443 7,00 0.6 | 2.5 5
Nhoém chire OgH }OH -COOH }OH -NH

Bang 8.9: HANG SO PHAN BEN BPIEU KIEN CUA CAC CHELATE




Ion kim loai X0 MIB
| logKwe pH logK’wm | pH
Al 14,3 2,3 - -
Ca - - (5,5 10
Co(II) 3,78 5,5 [B,3 |5,5
Cd 6,78 5,9 - -
Cr(I1I) 3,57 1,7 - -
Fe(II) 3,91 HC1040,15N - -
Hg(II) - - (13,4 |5,5
Mg - - [5,2 10
Mn(1I) 3,23 5,9 [R,0 10
Mo(1V) 17,0 3,6 - -
Pb - - [b,4 |55
Ru(III) 9,6 4,0 - -
Se(I1II) 5,95 2,6 - -
Th(IV) 11,6 4,0 - -
Zn - - [5,5 |5,5
DAt hiém 683 6D 6 M9 |55

VIL6.ASENAZO I VA MONOAZO DERIVATIVES OF PHENYL ARSONIC
ACID

CisH11011S:Na,As

KLPT = 592,29
H203AS
OH OH
| I N——=N
NaO3S O3Na

8.6.1. Danh phap:

2—(4,5-Dihydroxy-2,7—disulfo-3-naphthylazo) phenylarsonic acid, mudi dinatri,
Neothorin, Neothoion, Uranon.
8.6.2. Ngudn gbc va phuong phap tong hop:

Trong k¥ thuat thuong phd bién 1a mudi dinatri. N6 duoc tong hop bang su két ndi cua
acid 2—aminophenularsonic dugc diazo hod véi acid chromotropic.
8.6.3. Ung dung:

Puoc str dung nhu mot thudc thir tric quang cho cac nguyén td: Al, Be, In, Th, Zr, cac
nguyén t6 dat hi€ém va cac nguyén t6 actinoid. N6 cling duoc sit dung nhu mot chi thi kim
loai trong chuan d¢ chelate cua Ca, Mg, cac nguyén to dat hiém va Th; dong thoi no ciing 1a
mot chi thi trong phép chuan do két taa.



8.6.4. Tinh chét thudc thir:

Mudi hai natri 13 mot tinh thé dang bot mau do sdm, d& tan trong nudc tao thanh dung
dich c6 mau do cam (Anw=500nm & pH = 1 — 8) va kho tan trong hau hét cac dung méi hitu
co. Hang s6 acid pKa, = 0,6; pKa, = 0,8; pKas; = 3,5; pKa, = 8,2; pKas = 11,6; pKas = 15 (u
=0,1; 20°C).

8.6.5. Phan tng tao phirc va tinh chét cua phurc:

Arsenazo(I) phan Gng véi nhiéu loai ion kim loai dé tao thanh cac chit mau chelate
trong ddy pH tir 1 — 8. Nhung phan Gng xay ra trong dung dich kha acid 1a nhirng thuc té
quan trong b1 tinh chon loc cao hon cua phan img. Cac phan itng mau xdy ra trong dung
dich acid chlorhydric (HCI) la: Nb (III), Ti (III), Zr (mau tim), Sn (IV), U, cac nguyén t6 dat
hiém (d6 cam), Th (xanh tim) va Ta (III) (46 tim). Thudc thir thudng két hop theo ti 1& 1:1
v6i chelate, chang han nhu biéu dién bén duéi:

AsOy”

S

Hang s6 bén cia chelate v6i cac ion kiém thd va La dugc trinh bay nhu sau: logKML
voi Mg = 5,58; Ca=5,09; Sr=4,41; Ba=4,15 (un = 0,1 KNOs3; 25°C) va logKMH,L v¢i La
=28,8.

D6 hip thu quang phd cta cac chelate kim loai trong dung dich nudc thi phy thudce vao
pH. Puong cong ctua phép do quang trén mot day La—Arsenazo I tai cac gia tri pH khéc
nhau dugc minh hoa trong bang 8.11 1a mdt vi du.

Hing s6 hap thy mol cua cac chelate thi dugc sit dung tot & nong d6 10*, va ching han
nhu cdc phan img mau c6 thé dugc dung cho vi¢c xac dinh trac quang ham lugng vét cac
nguyén to.

Céc chelate kim loai thi khong mang dién tich va cé thé dugc chiét ra nhu mot cap ion
v mot cation 16n chang han nhu diphenylguanidinium

8.6.6. Su tinh ché va do tinh khiét cua thube thir:

Ansenazo I tir cac ngudn k¥ thuat cung cdp thuong khong tinh khiét mic du chung co
thé theo nhu cau sur dung cho cac muc dich chung nhu la mot chi thi kim loai. Tuy nhién
chung phai dugc tinh ché dé sir dung cho muc dich hoa 1y. Thudc thir ndy 6 thé dugc tinh
ché bang cich nhé cham dung dich nudc cua thudc thir vao trong cuing mot thé tich acid
chlorhydric dam dac dé két tua cac tinh thé vang cam, dem loc toan bd két tha, rira sach
bang acetonilite, siy kho ¢ 100°C trong 2 gid.

Viéc tinh ché thudc thtr ¢6 thé duogc xac dinh béng cach do do hép thu cia dung dich
nudc cua thuoc thir da biét trude nong do.

8.6.7. Cac trng dung phan tich:
8.6.7.1. Str dung nhu mét thude thir trac quang:

Arsenazo(I) da dugc su dung trong cac phep do trac quang cac ion kim loai trong dung
dich nudc va trong phép do chiét tric quang ctia mot cip ion voi ion diphenylguanidinum.
Tuy nhién khi cac thudc thir loai disenazon(III) cam quang hon, cac thude thir Arsenazon(I)



bay gio da dugc thay thé bang cac thudc thir hién tai. Cac vi du dién hinh voi Arsenazon(l)
dugc tom tat trong bang 8.11.

Ung dung quan trong thuc té cua Arsenazon(l) la co thé xac dinh duoc Th trong nhiéu
loai miu mic du bi cac nguyén té Nb, Sn, Ta, Ti can trd va anh huéng cua Zr thi rat déng
ke.

8.6.7.2. Sur dung nhu mot chi thi kim loai:

Arsenazon(l) dugc xem nhu 1a mdt chi thi l(in’,l loqi trong chuan do phtrc chét cua Ca,
Mg (pH = 10), Th (pH=1,3 — 3) va cac nguyén to dat hicm (pH = 5,5 — 6,5).

Mau sdc tai diém cuoi cua phép chuan dg tryc ti€p chuyén tor mau do tim sang mau cam
hoac do cam.

No cting dugc st dyng nhu mt chi thi trong chuan do két tia gbc SO.> véi dung dich
chuan BaCl, (mau chuyén tir cam sang tim) nhung dimethylsulfonazo(IlI) dugc biét 1a mot
chi thi tot nhat.

8.6.7.3. Cac dan xuat khac cua thudc thir acid phenylarsonic:
Thorin:

2(2-Hydroxy-3,6-disulfo—1-naphtylaminlazo) benzennearsonic acid, mudi dinatri,
Thoron, Thoronol, Naphtharson, Naphthazarin, APANS, APNS.

AsO3H, HO SOs3Na

SO;Na

Céc nguyén liéu tir cac k¥ thuét cung cip 1 mudi Na,—Nas, tinh thé dang bot, mudi Na;
(46 cam), mudi Nas (d06 ta, do ri). N6 dé tan trong nudc nhung lai khong tan trong cac dung
moi hiru co phd bién. Dung dich nudc c6 mau vang cam trong mdi trudng acid (Amex =
510nm, £ = 1,4.10* tai pH = 1) va mau do cam trong mdi truong kiém(kmax = 490nm, € =
1,4.10% tai pH =9 — 10 ) va ¢6 mau do trong moi trudng acid sunfuric ddm dic, pKa; = 3,7;
pKa, = 8,4 (~AsO(OH)), va pKas = 11,8 (-OH).

N6 tao thanh céac chelate c6 mau trong dung dich acid 0,1N véi Bi (trong dung dich
HCIO4 0,02 — 0,04N Aax = 535nm, € = 9,5.10%), Th (pH = 0,5 — 1,5; ML3 Amex = 545nm)
U(VI) (pH = 3 — 4; ML2 Anax = 545nm), Zr va Hf (trong HCI; Amax = 555nm) va Pu (IV)
(trong HCI; 0,05 — 0,25N; Amax = 540nm) céc phan tng thi c6 do chon loc cdm quang kha
cao voi cac kim loai ndy. Thorin ciing dugc str dung trong viée xac dinh bang tric quang cua
kim loai khac & vung pH cao hon du cac phan tng khong c6 tinh chon lgc cdm quang cao;
Be (pH = 10, Amax = 486nm); Rh (II1) (pH = 4; gia nhi¢t trong 70 gidy; Amsx = 550nm) va cho
viéc x4c dinh gian tiép fluoride qua chelate Zr.

Thorin ¢6 thé dugc sfrqdung phu’ mot chi thi kim 103,1; trong phép chuin do chelate cua Bi
va Th (pH =1 - 3), tai di€ém cudi mau dung dich chuyén tir do sang vang.Va no ciing dugc
st dung nhu mot chi thi trong chuan do U (VI) ¢ pH = 2,5 bang acid oxalic.

Rezarson:



2,2,4-Trihydroxy—3—arsono—5—chloroazobenzene.
C]zH]oNzO(,ASCI
KLPT = 388,60

OH HO
H,O3As

N—/—N

Cl

Rezarson tao phtrc mau theo ti 1€ 1:1 véi nhiéu kim loai, bao gé)m Cu, Ga, Ge, N1, Pd Yél
Sn trong nudc acid trong binh v6i1 methanol tr 50 — 70 %. N6 dugc dé nghi nhu mot thude
thtr trong phép do trac quang cho Ge va Sn (trong dd HCl, Amax = 510nm).

Bang 8.11: UNG DUNG CUA ARSENAZO I NHU LA THUOC THU TRAC QUANG

Day
Ign A p Am € Xac :
klm bicu kién (nm) | (x10) | dinh Anh huong
loai
(ppm)
B H2S04, :’350, 15 635 | 6.4 0~1 K, Na, NH4 khong anh hudng.
phut
pH 11 ~12 0~ —
Be 580 | 10,0 0.15
Ca pH 9.6; GEDTA | 580 — 4 ~ Tong cua Ca + Mg trong dung dich.
HC10,02N 3
Ce(I1I) NH2OH HCI 253 | 7,6 — La, Fe (cn bang mol)
~ 2+ 4
Ga pH3~35 550 B 0,4 Ce(1V), Cu, Fe, :Fl(III),UOz anh
5,6 huong.
3-
In pH 5.6~ 6.2 580 | 582 | 2~10 Cu, Fe(III), l?b, U, %n, PO,™, tactrac
anh huodng.
La pH 7 570 | 27,5 1~2 Fe(III), U(VI) phai bi che.
1.0~ Cr(IIT), Cu(Ill), Fe, La, Ru, Y,
Pd(II) pH 2 565 | 11,5 1’0 6 oxalate, citrate, EDTA, CyDTA anh
’ huong.
0,64 ~ | Nhiéu kim loai khac, citrate, oxalate
Pd(II) pH 12 585 | 14,5 6.4 EDTA anh huéng,
Ru(IIT) pH 6 580 — 1~7 EDTA anh huodng.
Sau khi tach chiét cdc kim loai anh
SC pH 6,1~6.3 70| 17,0 ~2,0 huong bang TTA hoic oxine
Ta pH 1~2 530 B 0,(())18~ Ti khong anh hudng.
Th pH 1 546 23 0,5~5 Ce(IV), F,SO.*, anh huéng.
. 0,1 ~
Ti pH2,5~3 580 - 2.5
UV pH 3 ~7 600 | 212 0126~ Al, Fe(Ill), Th, Zn khong anh hudng.




02 ~ ‘ _

‘ Y ‘ pH 6 ‘560 ‘ 43,8 ‘ &

VIL7.EDTA VA CAC COMPLEXONE KHAC
8.7.1. Danh phap:

Nhitng thudc nam trong phan nay duoc liét ké trong bang 8.12, cing voi nhimg tén goi
cua ching.

8.7.2. Ngudn gbc va phuong phap cia su tong hop:

Tat ca déu c6 thé mua va du’o’c\chua‘m bi boi sy methyl hoa cacboxyl tuong tmg voi
polyamine, cling do sy ngung tu ki€ém cua acid haloacetic hodc bang phan Umg trung hoa
Strecker vo1 KCN va HCHO (formaldehyde).

8.7.3. Ung dung phan tich:

EDTA hau nhu danh riéng dé st dung nhu mot dung dich chuan trong chuan do phic
chat. EDTA va cic complexon khac cling dugc st dung nhu nhiing tac nhan che trong
nhirng truong hop khéc cua hoéd hoc phan tich.

8.7.4. Nhitng tinh chit cta cac thude thir:

Acid tu do ctia EDTA 14 bot tinh thé c6 mau trang va hau nhu khong tan trong nudc (xap
xi khoang 0,009¢g/1 & pH = 1,6) cling nhu trong cdc dung moi hiru co. N6 tan trong acid vo
co hoic trong cac dung dich kiém. Cac mau chira mot thude thir phan tich “EDTA” thuong
la mdt dihydrate, mudi dinatri cia EDTA (Na,H:L.2H,0), ma n6 c6 thé duoc tinh ché mot
cach dé dang bang su két tinh tir nuwéc (11,1g/100g & 20°C; 27,0g/100g & 98°C) va thanh
99,5% tinh khiét sau khi say ¢ 80°C. Sy & 100°C hoic cao hon dan dén két qua mat mot
phan nudc hydrated.

Céc thude thir loai complexon, ¢ hinh dang cua acid tu do, 1a bot tinh thé trrfmg va rat it
tan trong nudc, cac dung moéi hitu co thong thuong va tan nhiéu hon khi d¢ kiém cta dung
dich tang. Do cac thuoc thwr co6 tinh ludng tinh ty nhién, ching cling tan trong acid vo co.
Hing s6 phan ly timg nic cia cac, thudc thir dugc tong két trong bang 8.13. Gidng nhu céc
acid amino khac, cic complexon ton tai nhu ion ludng tinh.

8.7.5. Cac phan tng tao phtrc va cac tinh chat cua phirc:

Céac thude thir loai complexon it bén va tan chelate voi mot gi61 han rong cua cac ion
kim loai, loai trir kiém va mot sb ion kim loai hoa tri 1 khac. Pic tinh khac 13 kha ning
chelating phu thudc vao do bén pH. Ty 1€ phéi tir voi kim loai 1a 1:1, ngoai trir TTHA va
NTA. Nhiing diéu nay tré thanh nén tang cho viéc st dung complexanes dac biét 1a EDTA,
nhu mét dung dich chuan trong viéc chuin do phtrc chit va nhu mot tac nhan che trong cac
pham vi da dang nhu hoé hoc phéan tich. CAu tric cia kim loai~EDTA chelate c6 18 dugc
minh hoa mét cach riéng biét phia dudi cho 4 s phéi tri cta cac ion kim loai, (a) va (b).

Céc hiang s6 6n dinh chelate cta cac thudce thir nay duoc tong két trong bang 8.13.

Déi voi chit chelate, EDTA duoc st dung rong rdi nhit, bai gia ca twong dbi thip cua
thudc thir, n6 dang duoc san xuat rong rai cho nganh cong nghiép ti€éu dung.

Bang 8.12: EDTA VA CAC COMPLEXON KHAC

| Complexane | Cong thirc hoa hoc |




HOOCCH,, _CH,COOH
EDTA NCH,CH,N_
HOOCCH,” CH,COOH
_CH,COOH
N\
CyDTA CH,COOH
_CH,COOH
N\
CH,COOH
HOOCH,C_ _CH,COOH
GEDTA " NCH,CH,0CH,CH,0CH;CH N
HOOCH,C CH,COOH
HOOCH,C_ _CH,COOH
DTPA HOOCH C/NCH2CH21‘\ICH2CH2N\CH COOH
2 CH,COOH 2
HOOCH,C_ _CH,COOH
TTHA /NCH2CHQI‘\ICH2CHQI\‘ICH2CH2N\
HOOCH:C” 1600, ¢ CH,coon  CH2COOH
HOCH,CH,_ _CH,COOH
HEDTA NCH,CH,N.
HOOCCH,” CH,COOH
CH,COOH
NTA N—CH,COOH
CH,COOH
Béng 8.13: HANG SO PHAN LY VA HANG SO BEN CHELATE CUA CAC
COMPLEXON CHON LOC
EDTA | CyDTA | GEDTA [ DTPA| TTHA | HEDTA | NTA
€9) (2) 3) “4) ) (6) (N
pKa | 1,99 | 243 2,00 | 2,08 2,42 251 | 1,89
pKe | 2,67 | 3,52 2,65 | 2.41 2,95 531 | 2,49
pKa | 6,16 | 6,12 8,85 | 4,26 4,16 9.86 | 9,73
pKa | 1026 | 11,70 | 946 | 8,60 6,16 — —
pKas - — — 10,55 9,40 _ -
pKas — — — 10,19 — —
logKML
Ae | 732 | 8,15 6,88 | 8,70 | 8,67(13,89) | 6,71 | 5,16
Al 1613 ] 18,63 | 13,90 | 184 | 19.7(28,9) | 1243 | 95
Ba | 7,76 | 8,64 841 | 8,63 | 822(11,63) | 554 | 483
Bi | 279 | 312 23,8 | 29,7 — 21,8 —
Ca | 10,96 | 12,50 | 11,00 | 10,74 | 10,06(14,16)| 8,14 | 6,41
cd | 1646 | 1923 | 16,70 | 19,31 | 18,65(26,85) | 13,6 | 9,54
Ce)(m 1598 | 16,76 | 1570 | 20,50 - 14,11 | 10,83
Co(I) | 16,31 | 18,92 | 1250 | 184 | 17,128,8) | 144 110,38
Cr(1ll) | 23,40 — 2,54 — — — >10




Cu(II) | 18,80 | 21,3 17,8 21,53 | 19,2(32,6) 17,55 12,96

Dy | 1830 | 19,69 | 1742 | 2282 23,29 1530 | 11,74
Er | 1838 | 2020 | 17,40 | 22,74 [ 23,19(26,92)| 15,42 [ 12,03
Eu | 17,35 | 18,77 | 17,10 | 2230 23,85 15,35 | 11,52
Fe(ID) | 1433 | 1627 | 11,92 | 16,50 17,1 122 | 884
FelD) | 25,1 | 28,05 | 205 | 28,6 | 26,8(40,5) | 19.8 [15.87
Ga | 20,27 | 2291 — 23,0 — 169 | 13,6
Gd | 17,0 | 18,80 | 1694 | 2246 23,83 1522 | 11,54
Hf | 295 — — [3540 19,08 — (2034
He(D) | 21,8 | 2430 | 23,12 | 27,0 | 26,8(39,1) | 20,1 | 146
Ho | 18,05 | 19,89 | 17,38 | 22,78 23,58 15,32 | 11,90
In | 24,95 | 28,74 _ 29,0 17,16 | 16,9

La | 1550 | 16,75 | 15,79 | 19,48 [22.22(25,62)| 13,46 [1036
Li | 2,79 | 4,13 1,17 _ _ _ 2,51
Lu | 19,65 | 2091 | 17,81 | 22,44 _ 15,88 | 12,49
Mg | 869 | 1032 | 521 93 |81001438) | 7.0 | 546
Mn(ID) | 14,04 | 16,78 | 12,3 | 15,50 [ 14,6521,19)| 10,7 | 7,44
Na | 1,66 | 270 1,38 — — _ 2,15
Nd | 16,61 | 17,69 | 1628 | 21,60 [22,82(26,75)| 14,86 |11,26
Ni | 18,62 | 194 | 13,55 [2032] 18,1324) | 170 11,54
Pb | 18,04 | 19,68 | 1471 | 1880 | 17,128,1) | 155 [11,39

Pr | 1640 | 17,23 | 16,05 | 21,07 23,45 14,61 | 11,07
Sc | 23,1 | 254 _ — _ _ 12,7
Sm | 16,7 | 18,63 | 16,88 | 22,34 23,81 1528 | 11,53
Sn(Il) | 18,3 — 23,85 — — — —
Sr | 863 | 1054 | 850 | 968 [ 926(12,70) | 6,92 | 4,98
To | 17,81 | 19,30 | 17,27 | 22,71 23,61 15,32 | 11,59
Th | 232 | 29,25 _ 28,78 31,9 18,5 | 124
TiO, | 173 | 19,9 _ _ _ _ 12,3
T | 22,5 | 383 — 48,0 — — 18
Tm | 18,62 | 2046 | 17,48 | 22,72 — 15,59 | 12,2
UO.> | 256 | 269 — — — — 9,56
VO, | 18,77 | 19,40 — — — — —
Y [18,09 | 1941 | 16,82 | 22,05 _ 14,65 | 11,48
Yb | 18,88 | 20,80 | 17,78 | 22,62 23,58 15,88 | 12,40
Zn | 16,50 | 18,67 | 1455 | 18,75 ] 16,6528,7) | 145 |10,67
Zr | 299 | 20,74 _ 36,9 19,74 _ 20,8

Céc gia tr1 cua cac kim loai khac; logKwe cho Be(9,27); Cs(0,15); K(0,96); Nb(40,78);
Pd(IT) (18,5) va Sb(III) (24.,8).

Céc gia tri ngodc don biéu dién log Bur.

Céc gia tri pKa dugc quan sat & gia tri trung binh cta L = 0,1 (KCl hoac KNOs) ¢ 20°C,
trr TTHA ¢ 25°C.

Céc gia tri logKy dugc quan sat, hiu hét cac trudng hop, ¢ gia tri trung binh cia p =
0,1 (KCL, KNO; hodc NaClO,) ¢ 20 — 25°C.

Céc gia tri cho U(1V).



Céc complexane khac EDTA va NTA thi dat, viéc sir dung chiing chi gi6i han trong hoa
hoc phan tich va cac muc dich nghién ctru khéc.

CyDTA tao thanh chelate kim loai bén hon so v6i EDTA, tir d6 CyDTA duoc tién cir nhu
mat tdc nhan che ma ion kim loai khong thé dugc che mot cach c6 hiéu qua vai EDTA.

GEDTA duoc biét dé nhan biét Ca hon 1a Mg (A logKca mg = 5,79) va Cd hon 1 Zn (A
logKcazn = 2,2) trong viéc so sanh voi co ché tao phirc cia EDTA. (A locha e = 1,9; A
logKcd — Zn = 0). Theo do, GEDTA duogc st dung nhu mot dung dich chuéin chon loc cho
Cava Cd.

DTPA va TTHA c¢6 ddu hiéu nhu nhirng phéi tir octadentate va decadentate, tao thanh
chelate bén hon EDTA, véi cac ion kim loai co 8 phéi tr hodc cao hon, va két qua cac
chelate cé tinh bén hon d6i véi sy thuy phan. Trong cac truong hop cia TTHA, né ciing tao
thanh M,L — dang chelate v6i Cu(Il), Sn(II) (pH tir 3 dén 4), Al, Cd, Co (1), Ga, Hg(II), Ni,
Pb, Ti (v6l H,0,), Zn (pH tir 5 — 6), Mg va Zn (pH tir 9 — 10).

Su tuong phan gitra Fe(III)-EDTA chelate, Fe(Ill)>HEDTA chelate 1a tinh bén ddi véi
sy thuy phan trong dung dich kiém an da, vi thé n6 duoc xem nhu mét tac nhan che cho
Fe(III) trong dung dich ki€ém manbh.

NTA c6 xu huéng nhu mot phéi tir bén dinh, hinh dang cac chelate it bén hon EDTA. Su
tdn tai lugng du cua NTA, né hinh thanh ML — dang cling nhu ML, — chelate. NTA dugc st
dung nhu mdt tdc nhan che c6 hi€éu qua che cao hon so véi EDTA va CyDTA khong dugc
nhu mong mudn.

8.7.6. Su tinh ché va d¢ tinh khiét cta cac thude thir:

‘ Acid tu do cua cac complexon c6 thé duoc tinh ché bf%ng viéc hoa tan n6 trong dung dich
kiém Nz}OH, theo do s két tﬁa, cua acid tu do véi phﬁn thém vao cua apid sunfqric pha
loang dén pH = 1 — 2. K&t tua trang dugc loc va rira bang nude lanh cho dén khi phan nude
loc 1a dung dich chira géc sunfat ty do.

Disodium EDTA (Na,H,L.2H,0) c6 thé duoc tinh ché boi sy két tinh tr nudc nong.
Phuong phap tiép theo cling duogc gidi thi¢u dé thu dugc mau tinh khiét.

Hoa tan 10g miu nguyén li¢u (th6) vao trong 100ml nudc va thém tir tr C;HsOH vao
dung dich nay cho dén khi no chuyen sang duc. Sau khi loc dung dich, thém mét luong
C,HsOH co thé tich bang véi t}}e tich phan nuéc loc dé két tua mudi tinh khiét. Loc muoi
bang phéu, rira bang acetone, ti€p dén la ether. Sau lam kho muoi trong khong khi sudt dém,
say n6 ¢ 80°C trong 4 gio.

Thong thuong d6 tinh khiét ctia cac complexon duoc xac dinh bang viéc chuan do dung

dich Zn tiéu chuan (chi thi XO ¢ pH = 5) hoac Cu(II) (chi thi PAN ¢ pH tir 4 — 5) v61 dung
dich complexon di biét trudc nong do.

8.7.7. Cac trng dung trong phan tich:
8.7.7.1. Str dung nhu mot dung dich chuan in Chelatometry:
Phép tinh hé so ty lugng trong chelatometry c6 thé duoc viét & dang sau:
M™ + H,L* = ML™ +2H"

EDTA 1a complexon duoc sir dung rong rdi nhit trong chelatometry, va dung dich tiéu
chuan ciia EDTA 0,01M (3, 72g Na,H,L.2H,0/1) dugc gidi thigu cho cac két qua tong quat.
Céc phuong phép cu thé cho viéc xac dinh mdi nguyén té duoc tim thiy trong cac dang d6
thi chelatometry. Tuy nhién, biéu d6 1 dugc dung trong viéc tim ra diéu kién thich hop cho



su chuan d¢ va ban chat cia cac chi thi kim loai dé nhan dugc céc két qua tét. Cac ion vo co
va hop chat hitu co cling ¢6 thé dugc xac dinh gian tiép bang phuc chat.

8.7.7.2. Str dung nhu mot tac nhan che:

Gi61 han cua cac ung dung ciia complexane nhu nhiing tac nhan che trong cac phan tng
phan tich rat rong ma dleu d6 khong thich hop dé thao luan trong ting vi du cu thé. Tuy
nhién, bang 8.14 da tom tat mot vai vi du trong vi¢c st dung EDTA nhu mot tac nhan che.
Nhirng su khic nhau cua cac tinh chat che giira EDTA va CyDTA trai v6i phan g tao phirc
v6i cyanua dugc trinh bay trong bang 8.15 nhu mau khac. P& xuit chi tiét trong viéc sir
dung cua cac complexane nhu mdt tic nhan che dugc tim théy trong mot sb do thi khac.

Bang 8.14: MOT VAI VI DU TRONG VIEC SU DUNG EDTA

NHU MOT TAC NHAN CHE
Phan ung che Ung dung

Fe, Co va Ni v6i Natridiethyl- KL L o

dithiocarbamate. Chiét trac quang Cu va Bi
Fe(Ill), V(V) véi Tiron Phép x4c dinh trac quang Ti

Fe, Co, Cu, Ni va Cr vo1 2-nitroso- e £
I — naphthol Phép xac dinh trac quang Pd
Al, Cd, Cr, Cu, Ga, Hg, In, Pb, V, Zr Phép x4c dinh trac quang Ni
V dat hiém voi PAR (pH=38,6-10)

Bi, Cd va Cr vol Beryllon IV Phép xdc dinh tréc quang Be

(pH=7-%8)
Phép xac dinh trac quang
Fe(II), Ce, Co, La, Mg, Mo, Nd va Pb véi XO Al (pH=3-3,8)

Mo(V) véi 8 — hydroxyquinoline Chiét U, W(VI) (pH =2 -3)




MOT SO GIOI HAN CUA pH CAN LUU Y TRONG QUA TRINH CHUAN PO

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Al | H__
Cu-PAN
Bi(Ill) s
XO, MTB_|
PV
Ba(ll) | I —
Sr(1I) TP(
BT PC|MTB
Ca(ll) | — | [ N —
TP( ]
Clalmagife BT MX NN,HNB
Ccddan | - dalcein
Fu-PAN PR,BPR
XO,MTB BT
Co(I) |
cu(In |
HAN,TAN
GTB,GCR MX PV
Fe(Ill) | e —
VBB,BG|Tiron [Cu-PAN PV|PAN
Fedl) |-
XO,MTB
Ga(ll) |
u-PA orin
He(l) | _ ——
Clu-PAN L BT
XO,MTB
In(dIm) | | L p— — ——
Ch-PAN PV Morif PAN BT
Meg(1T) | o
E_almagte
PC.TPC MTB
Mn(1l) | [ EEEE—— 0000 ]
™MTB PV.BAR |
BT
Ni(Ill) | _“
PV.PR ,BPR, MX, TPC
Pb(l) | _i
BIl,Sulfarsazene MTB
XO|MTB,FAR
Se(Il) |
PAN
XD,MTH
Th(IV) [ s
Xd,MTB.pV
uo”t |
PAN
vo* |
Cu-PAN
Zn(I) |
Cu-PAN PV .Zjincon ]
Zr(IV) XO.MTB BT
HIV) | ooe—
i XO,MTB
Pbat | S I D — ]
hiém xo,MTH PR|BPR | BT




Gi61 han pH va chi thi kim loai dugc dé xuat cho viéc chuan do cac ion kim loai thong
thuong, M@ oi6i han pH ma ion kim loai chuin d6 dugc, HEM giéi han pH ma chi thi phu
hop c6 thé dung dugc, —— gi6i han pH ma phirc phu duoc sir dung dé 1am can trg sy thuy
phéan cua céc ion kim loai.

8.7.8. Cac chit viét tit ctia céac chi thi kim loai:

BG:
BPR:

BT:
Cu—PAN:
GCR:
GTB:
HNB:
MTB:
MX:

NN:

Bindschedlar’s Green
Bromopyrogallol Red
Eriochrome BlackT

Cu—EDTA + PAN mixture

Glycine cresol Red
Glycinethymol Blue
Hydroxynaphthol Blue
Methylthymol Blue
Murexide

Calcon carboxylic acid

(Patton and Reeder’s dye)
Bang 8.15: PHAN UNG CUA KCN VOI EDTA VA CYDTA-CHELATE KIM LOAI

PAN:

PAR:
PC:
PR:
PV:

TAN:
TAR:

TPC:

VBB:

XO:

Pyridylazonaphthol
Pyridylazorescocinol
Phthalein Complexon
Pyrogallol Red

Pyrochatecol Violet
Thiaolylazonaphthol
Thiaolylazoresorcinol
Thylmolphtalein Complexon
Variamine BlueB

Xylenol Orange

Kha nang phan ting cia KCN véi
Ion kim loai | EDTA chelate CyDTA chelate
Hg(ID) Phan ung tic thoi Phan ung tuc thoi
Cu(Il) Phan trng tirc thoi Phan rng tic thoi
Pb Khong phan ting Khong phan ing
Bi Khéng phéan ing Khéng phéan ing
Cd Phan tng tirc thoi | Hau nhu khong phan tng
Ni Phan ing Khong phan ing
Co(ID) Phan ng Phan ung cham
Mn(II) Khong phan Uimg Khong phan ing
Co(I1I) Khéng phéan ing Khéng phéan ing
Zn Phan img nhanh Phan ung kha nhanh
Fe(Il) Phan ing Phan ing cham
Fe(III) Phan ung Khéng phéan ing

VIL8.HQP CHAT DIHYDROXYARYLAZO
HGQP CHAT DIHYDROXYARYLAZO



HO COOH

OH OH OH
O,N

HL (1) HL (2)
OH HO OH HO SOs;Na
s @ wos{ e
L) w ) (Y
SO;Na
HL (3) HL (4)

8.8.1. Pong phan :

Nhitng hop chét azo cung vé6i dong phan va cong thirc phan tor duge dé cap trong
chuong nay liét ké & bang 8.16.

8.8.2. Ngudn va phuong phap téng hop:

Céc hop chat trén déu c6 san trén thi truong. Nhitng loai thudc nhudém azo nay duoc
tong hop bdi cong doan chuan muyc cua phan ung li€n hi¢p azo. Chung duoc goi tir cac tén
tuong Ung sau :

(1) diazo hoa 1-amino—6—nitro—2—naphthol-4—sulfonic acid va 1-naphthol, (2),(3) va
(4) tu diazotized l—-amino—2—naphthol-4—sulfonic acid va 2-hydroxynaphthoic acid, p—
cresol, 2—naphthol-3, 6—disulfonic acid, tach biét.

8.8.3. Cac tng dung phan tich :

Cac thudc nhudém azo loai nay dugc dung rong rai nhu 1a chét chi thi kim loai trong
phuong phép chelate, dic biét cho phép chuan d6 EDTA cua cac kim loai kiém thd. Chung
thinh thoang dugc dung nhu 1 thudc thir tric quang cho canxi va magie trong dung dich
nudc hodc sau khi chiét vao trong dung méi khong c6 tinh tron 1an.

8.8.4. Pic tinh cua thude thir.

Eriochrome Black T (1) luén duoc cung cip ¢ dang mudi cua natri & dang bot mau tim
dam c6 anh kim loai mo nhat, dé tan trong nudc va ruou, khong tan trong dung moi hiru co
thong thuong. Dung dich nudc c6 mau do ¢ pH < 6, mau xanh & pH =7 — 11 va mau cam &
pH =12. Trong dung dich kiém dé bi oxy hoa tr& thanh khong mau pKa (H,L") = 6,3 va pKa
(HL*) = 11,55(n = 0,08 ~ 0,008; 18 ~ 200)

(2) thuong duoc cung cap & dang acid ty do c¢6 dang bot mau dam, tan nhe trong nudc
va rugu dé tao ra dung dich mau hong ¢ pH < 8. N6 s& chuyén qua mau xanh ¢ pH = 1073
va mau hong nhat trong dung dich kiém manh pKa (H,L*) = 9,26 va (HL*) = 13,67(n =
0,01 KCI; 24°C).



Calgamite (3) cling thuong dugc cung cap & dang tu do, dang bot mau tim dam, dé tan
trong nudc cho dung dich mau dé tuoi ¢ pH < 7. N6 s& chuyén qua mau xanh & pH =9,1 —
11,4 va mau cam anh d6 & pH > 13. Cac thudc nhudom duoc liét ké & bang 8.16 hau hét 6n
dinh trong dung dich nué6c, pKa (HL*) = 7,92 va pKa (HL*) = 12,50 (un = 0,1; KNO;; 25°C).

Hydroxynaphthol Blue (4) dugc cung cap ¢ dang mudi I1I cua natri, dang bot dé hut am
mau tim dam, dé tan trong nudc va ruou cho dung dich mau tim do6 ¢ pH < 6 no s& chuyén
qua dung dich mau xanh & pH = 7 — 12 va mau héng & pH > 13, pKa (H.L>) = 6,44 va pKa
(HL*) = 12,9 (u=0,1; KCI, 24°C)

Bing 8.16 DIHYDROXYLAZO HQP CHAT

Thude . A A Cong thuc phan tir
thir Ten Bong phan va KLPT
1—-(Hydroxy—2— naphthylazo)—6—nitro—
. 2—naphthol-4—sulfonic acid,
(1) Erlgﬁ:ﬁime mudi mononatri; Solochrome CZOH&O{IESN&
Black T, Mordant Black 11, C.I. ’
14645, Erio T, EBT, BT
Cancol 2-Hydroxy—1—(2-hydroxyl-4—sulfo—1—
@) carboxvlic naphthylazo)-3-naphtoic acid Pat-Ton C21H14N,05S,
e dy va Reeder’s dye Cal D6, HSN, NANA, 438,41
HHSNNA, NN
: 1-(1-Hydroxy—4—-methyl-2— C17H14N>0sS,
(3) Calmagite phenylazo)—2—naphthol—-4—sulfonic acid 358,37
1-(1-Hydroxy—4—sulfo—1—
@) H-‘/tdhrgl"g?jgh‘ naphthylazo)-2-naphthol-3,6-disulfonic | <111 N0nSNas
acid, muoi trinatri, HNB ’

8.8.5. Phan trng tao phuc chat va dic tinh ctia phirc chat:

Khi sur thé hién clia nhiing ion kim loai hon nhiing kim loai kiém loai tinh mau xanh ciia
thudc nhudm s€ chuyén qua anh do trong dung dich nude va cac phan ing mau nhu vay
duoc tan dung trong phep trac quang cho cac ion kim loai hodc trong phuong phap chelate
nhu 14 nhitng chat chi thi kim loai.

Bang 8.17: PHAN UNG MAU CUA ERICHROME® BLACK T VOI ION KIM LOAI

TAIpH 9
Ion kim loai Mau Ion kim loai Mau

None Xanh duong Mg Do

Al Hoi do Mn(1II) Do

Bi Xéam — Xanh Nd Do

Ca b Ni Do

Cd Po Os(VII) Hong
Ce(I1I) Xam — Xanh Pt(1V) Xam — Xanh
Co(II) Hoi do Th Do
Cr(111) Xéam — Xanh U(VI) Xéam — Xanh
Cu(Il) Hoi do V(V) Do tuoi
Fe(III) Nau ppt W(VI) Xanh duong
Hg(11) Xéam — Xanh Zn Do




duong
La Hong dam

Phan g mau cua (1) voi cac ion kim loai khac nhau dugce xem xét chi tiét va tom tit lai
trong bang 8.17. Su thay doi cau tric cua thuoc thir di kem theo phan img mau duoc chi ra
so lugce dudi day.

Hang s6 bén cta thudc nhudém véi nhiéu ion kim loai da duoc xac dinh hau hét bang
phuong phap pho quang ké. Nhiing gia tri d6 duoc tom tat trong bang 8.18. Hang sd bén c6
diéu kién (logK’wy) cua (1), (3) va (4) & pH 10 1a cac bao cao nhu sau: (1); Ca (3,8); Mg
(5,4) ; (3); Ca (3,67); Mg (5,69); (4), Be 3,36); Mg (3,43); Ca (2,82); Sr (2,05); Ba (1,75);
La (3,75); Pr (4,03); Nd (4,13); Sm (4,09); Eu (4,10); Ga (3,76); Tb (3,77); Dy (3,71); Ho
(3,68); Er (3,60); Yb (3,50); UO,* (4,10 hodc 3,99).

Phé hép thu cua mot Yéli phtrc chelate kirr} loai dai dién rpinh hoa ¢ cac hinh 8.9, 8.10,
8.11, 8.12 va 8.13. Cac chat chelate mau co6 the hién dugc chiét trong dung méi hitu co phan
cuc nhu la n—amyl alcohol cho phép trac quang dén sau.

Molar Absorptivity ( x104 )
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Hinh 8.9: Phé hép thu cua Black T(1) va phitc Mg trong nudc
(1) pH 5 (H2L-) (2) pH 8 (HL2-) (3) pH 13 (L3-) (4) pH 10 (MgL-)
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FIGURE 2. Arsorption spectra of Calcon carboxylic acid
(2) and Ca chelate in water (1) pH 3.7 (H2L2—); (2) pH
9.9 (HL>); 3) pH 13 ( CaL?).Dye, 9.1x10°M.
Hinh 8.10: Pho hip thy cua acid Calcon carboxylic (2) vé6i chelate Ca trong nuée
(1) pH 3,7 (H,L?) (2) pH 9,9 (HL®) (3) pH 13 (CaL?)

Chi thi nong d6 9,1.10°M
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FIGURE 3. Arsorption spectra of Calmagite(3) in water.
(1) pH2.14 (H,L"); (2) pH 10.29 (HL?"); (3) pH 13.8 ( L*").
Dye, 9.1x10°M.
Hinh 8.11: Phd hép thu cta Calmagite (3) trong nudc
(1) pH 2,14 (H.L) (2) pH 10,29 (HL%) (3) pH 13,8 (L*)

Nong d6 chi thi 9,1.10°M



400 500 600 700
Wavelength(nm)

FIGURE 4. Arsorption spectra of Hydroxylnaphthol Blue and
Ca chelate in water (1) pH 3.3 (HQLB_); 2)pH 9.8 (HL4_);
3)pH 13.8 (L%); pH 13 ( CaL?). Dye, 2.4x10°M.
Hinh 8.12: Pho hap thy ciia Hydroxylnaphthol Blue va chelate Ca trong nudc
(1) pH 3,3 (H,L*) (2) pH 9,8 (HL*) (3) pH 13,8 (L%); pH 13 (CaL*)
Nong d6 chi thi 2,4.10°M
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FIGURE 5. Abaorption spectra of Ca and Mg Calmagite chelate at
pH 10; Dye, 3.5x10°M. (1) Ca in excess; (2) Mg in excess.
Hinh 8.13: Pho hap thy cia chelate Ca va Mg v6i Calmagite & pH 10
(1) Cabao hoa (2) Mg bao hoa
Nong d6 chi thi 3,5.10°M

Vi du: phé hap thu ctia Eriochrome® Black T(1) va chelate cua Mg co trong n—amyl

alcohol dugc chi ra ¢ hinh 8.14. Chelate mang dién tich am (anion) c6 thé dugc chiét ra véi
chudi dai ion amoni thé hién 4 1an nhu 1a Zephiramine® hoic Aliquat® 336S vao trong
dung méi hitu co nhu :

Bang 8.18: HANG SO BEN PHUC CUA DIHYDROXYLAZO

LOg KML
Thudc thir | Ca | Ba | Mg | Mn(Il)| Zn
(1) 5,4 %’ 7,0 9,6 12,9
5
(2) 851 | - -
3) 6,1 | — | 8,1 — 12,52
(4) 6,11 — | 7,11 — —




LOg KMLz

Mn(Il) | Zn Diéu kién Ref.
80 | 7.1 - M,

- - | 240, #=0,1(KCl)| 6
- 77 | | 240, H=0,1(KCl) | 4,9

- - | 240, #=0,1(KCI) | 6, 10

Absorbance

500 600 700
Wavelength(nm)

Hinh 8.14: Phé hap thy ctia Eriochrome Black T va chelate Mg trong n—amyl alcohol
(1) trong n—amy]l alcohol

(2) trong n—amyl alcohol, lic véi dung dich khong chira Mg, pH 11,5

(3) lac véi dung dich chira 0,1ppm Mg, pH 11,5

(4) lac v6i dung dich chtra 0,2ppm Mg, pH 11,5

8.8.6. Su tinh ché va tinh khiét cta thudce thir:

Céac mau thuong mai (trén thi truong) 1a du tinh khiét cho viéc str dung nhu 13 mot chat
chi thi kim loai trong phuong phéap chelate. Tuy nhién ching cling chira mét lugng co ban
mudi hitu co va phai dugc tinh ché khi dem st dung trong céc nghién ctru vé hoa 1y.

(1) dugce tinh ché boi mudi p—toluidinium cua né, d6 1a thudc nhudém trong dung dich
methanol 4m 20% duoc xtr 1y v6i p—toluidine dé két tia mudi toluidinium sau khi lam lanh
ma cubi cung dugc két tinh lai tir nudc noéng (3) cé thé dugc tinh ché boi viée chiét tir mau
kho vdi anhydrous ether .

(4) duoc tinh ché béi phép sac ky trén cot bot cellulose v6i propanol—ethyl acetate—nuédc
(5 + 5+ 4) nhu 1a mot chat tach theo cac cong doan sau.

Mau thdé duoc xtr Iy voi ethanol nong dé loai bo cac chat khong tinh khiét, sau d6 hoa
tan trong dung dich methanol 20%, r6i cho qua phép sic ky. Phan ving do tim ¢ phia trén
cao duoc tach nita dé chira thudc nhudm tinh khiét & dang két tia cia mubi natri trihydate
do viéc thém HC1 dam dic vao chat tach dam dic.

8.8.7. Cac tng dung trong phan tich:
8.8.7.1. Str dung nhu 13 mét thude thir tric quang:



Thudc nhudm azo ctia loai ndy duge dung rong rdi nhu 13 cac thude thir trac quang cho
cac ion kim loai khac nhau. Mic du hau hét cac cong doan tric quang duoc thyc hién trong
hé théng ¢d nudce, cac chét chelate mau van co6 thé dugc chiét vao trong rugu cao hon nhu
ruou izo—amyl. Tuong ty ching c6 thé duge chiét vao cac chat chlor hoa nhu 1a chloroform
hodc 1,2—dichloroethane nhu la mdt cdp ion voi chudi dai ion amoni thay 4 lan.

Céc vi du vé tmg dung phdm nhudém azo nhu 1a thude thir tric quang duoc tom tit trong
bang 8.19.

8.8.7.2. Str dung nhu 13 chét chi thi kim loai.

Céc thude nhudém azo nay da duoc sir dung nhu la chat chi thi kim loai trong phuong
phap chelate. Hang sé phan ly cua proton cudi cing trong (2) va (4) 1a cao qua dén ndi su
thay d6i mau v6i Ca dugc quan sat tai vung pH cao hon (12 — 13) méi do Mg két tua dang
Mg(OH).. Vi vay ching dugc xem la chét chi thi Ca chon loc trong su hién di¢n cua Mg.
Piéu kién chuin do véi cac thude nhudém nay nhu sau:

Sy chuan d6 véi: Eriochome® Black T (1) (tir mau d6 sang mau xanh tai diém két thic),
Ca, Mg, Cd, Zn (pH 10, NHs), Ba, Sr (pH 10, NHs;, Mg-EDTA), Hg(II), In, Pb, dit hiém
(pH 8 toi 10),NH;, tartarate, 100°C), Co(II), Ni(pH 10, NH3;, Mn—EDTA), Mn(II) (pH 8 t&i
10, ascobic acid, 80°C), Sc( pH 7,5 t61 8; NHs; malic acid; 1000), VO2+ (pH 10, NH;, Mn—
EDTA, ascorbic acid); chuan d6 véi Calcon carboxylic acid (2) (tir 6 sang xanh), Ca (pH
12 dén 13, KOH); chuan do voi Calmagite® (3) (tir d6 sang xanh), Ca, Mg( pH 10, NH;);
chuan do véi hydroxynaphthol Blue (4) (tir d6 sang xanh), Ca (pH 10 toi 13, KOH) va Mg
(pH 10, NH;3).

8.8.8. Cac thudc thir ¢6 cdu triic twong tu.
8.8.8.1. Gallion

Gallion dugc st dung nhu thude thﬁ: traflc quang cho Ga (ML, pH = 6, 560nm, ¢ =
1,54.10* La, Mn, Pb, Sc, Zn, DCD, dat hiém. Sy tao thanh tir 3 phtrc cuia Ga—Gallion—
Oxine (MLX; pH = 3; 640nm; ¢ = 2,3.10" trong buthanol).

Thi ciing hiru dung cho viéc xac dinh ctiia Ga—Lumogallion ciing dwgc khuyén cdo nhu
thude thur trac quang cho Al (pH =5, 576nm) hodc pH = 3,3; 558nm c6 mat trong ho Anta—
rox CO 890; Ga( pH = 3; 580nm) hoac pH = 3,1 — 4,3, 553 nm c6 mat trong ho Anta—rox.
CO 890, In( pH = 2,8 — 6,5; 500nm; Mo(VI) (510nm € = 1,13.104 ), Nb (pH = 5,6 — 7,6;
546nm) Sc (pH = 2; 500nm), Sn(IV) (pH = 1; 510nm) va W (pH = 2,6 — 3,5; 555nm) hoac
nhu thude thir huynh quang cho kim loai.

Sy xac dinh chiét tric quang cho Fe, Sn va Y thong qua 3 phtrc chit voi Lu-mogallion—
diethylether va Nb théng qua Lu—mogallion—BPA dugc bao cdo boi 3 phan phuc chét. Ion
chelate Lu—mogallion voi Cu, Fe, Mo(VI), PD, V(IV) va W(VI) ¢6 thé ciing dugc chiét véi
Aliquat® 3368 trong CHCI3.

8.8.8.2. SPADNS

Bot ¢0 SPADNS duoc dé nghi nhu thude thir trac quang cho AL (pH = 4 — 5; 590nm),
Ca (pH = 10; 570nm), Pa (pH = 10 — 11; 570nm), Mg (pH = §8; 570nm), Pd (pH = 2,5 — 4,5;
550nm), Th (pH = 2,6 — 3,6; 580nm), Zr (HCI 0,5N; 580nm) va dat hiém ( pH = 5 — 7,5;
540nm). Anion chelate c6 thé chiét nhu cip ion v6i diantipymethane cho su xac dinh tric
quang cua Sc ( ML.X,, pH = 5,5 — 8,5; 580nm) fluoride co thé duoc xac dinh khong truc
tiép trong sy bay mau cua chelate Zr (HC1 0,7N, 570nm).

8.8.8.3. BerryllonlI



Bot mau tim den gia tri pKa cho 5 bude phan ly 2,9; 4,3; 5,71; 7,01; va 10,88( 20°C n6
duoc str dung nhu 13 thude tric quang cho Be (pH = 12 — 13,2; 600nm) Mg (pH = 11;
640nm, £ = 1,03.10*), Th (pH = 2; 620nm), Ti(IV) (pH = 4,1; 580nm, € = 6.10*) va dat hlem
(pH =7,6; 610nm) va B.

Bang 8.19: UNG DUNG CUA PHAM NHUOM AZO

NHU THUOC THU TRAC QUANG

Pham | Ion Dy XAC | 4 .4 . .
N ) X1 in . Aimax € . Yéy to can trg
nhuom | kim biéu kién Ty 1€ 4 dinh 1 o1
. (nm) (x10%) va ghi chu
azo loai (ppm)
pH~6; 1,10
(1) | cq |Phenalthroline, |y 1 590 | 22 [0225,6| Ironghopkim
chiét voi Devarda
CHCI;
TPAC, chiét EDTA,DDTC
Co(II) véi CHCLL — 580 5,0 0,6~18 can
PH 5,5-8,2;
Co(I) ,S‘CN-; chiét ‘ B 537 6.62 | 0.1~0.8 MD,NI,\{O3 can
vO1 benzene va tré
Aliquat 336S
pH 10,9 ~
Mg 11,3; KCN; — 525~30 — 0,1 ~1 —
tricthanolamin
pH 9,5~11,2,
chiét v 6i Ca,Cd,Ce,Fe,Zn
Mg AmOH hoic B 345 2,0 0,5~ can trg
BuOH
pH 11,2 ~
12,2, o \
Mg Zephiramine, — 690* — 0,03 Ca kho{lg can
. X ‘- 0,1 tro
chiét v 61
dichloroethane
pH~6; 1,10
Phenalthroline, 0,64~ | Trong hop kim
Zn chiét véi MLX; 522 2,3 3,7 Devarda
CHCI;
pH 6,35 ~ 6,8;
% diphenyl
E.);at guanidine; ML,X; | 550~600 2,6 0,1~ 15 -
hiém % .. ~3,5
chiét vai iso— ’
AmOH
Moi truon Sag khi su trao
2) | U022+ S| MLy | 570 | 1,36 | 14~60 | ddiion phan
i€ém ,
tach
pH 8,2~ 8.8;
KCN; EDTA; )
(3) Al chiét voi ML, 570 42 10,1~05 lel’lgr‘f’l\?éibt’én
Aliquat 336S 8

trong CHCI3




pH 4,2; chiét
vo1 Aliquat
Co(II) 3368 trong - 580 0,8 - —
CHCl;
pH 11,2~12.2,
Mg Zephlfamllpe, B 690 6.3 2.7 Ca khOl:lg can
chiét voi tré
dichloroethane
pH 11; chiét
Mo(VI v6i Aliquat
) 336S trong | 75| 06 - -
CHCI;
Kim
loai _
4) i é{n pH6; EDTA — 650 — 1 ~ 600 —
tho
U022+ pH 4 ML 530 0,41 0,3~ -
, Kim loai kiém
bat pH 6 ~ 10; 2 2
hidm EDTA ML 65 — 1 ~300 | tho, ]?e, I{Oz
can tro

CHUONG VIII: THUOC THU N-N
VIIL.1.BIPYRIDINE VA CAC HQP CHAT FERROIN KHAC

Cac thude thir duoc dé cap trong phan nay da duogc liét ké ¢ bang 9.1 cung véi cac dong
phan cua ching.

Bang 9.1
‘ Khoi
STT Tén Dong phan CTPT luong
phén tir
0,0’ — Bipyridyl,
(1) 2,2’ — Bipyridine Dipyridyl,2,2° — CI10H8N2 156,19
bipyridyl
(2) 2,2°,2” — Terpyridine 2,2°,2” — Terpyridine CI15HI11N3 233,27
(3) | 1,10 —Phenanthroline | ° __P;f:s;‘;l;fé‘l?gj’s CI12H8N2.H20 198,23
(4a) 47 _plll)elr?:r?gl};lol_l;é 10— Bathophenanthroline C24H16N2 332,41
4,7 — Diphenyl — 1,10 —
phenanthroline Bathophenanthroline
(4b) | disulfonic acid, mudi Disul’fonic acid, C24H14N206S2Na2 | 536,48
dinatri muoi dinatri.

9.1.1. Nguyén liéu va phuong phap tong hop:

Tat ca cac nguyén liéu dugc ban dudi dang thwong pham. (1) va (2) duoc dicu che tir
qua trinh dé hydro hoa pyridine v&i FeCls hodc c6 chat xtc tac Ziegler & 100 — 200°C. (3)



dugc diéu ché bang cach dun ndng. o—phenylenediamine véi glycerol, nitrobenzene, va
H,SO, dic hoic bang phan ung Skraup tir 8—aminoquinoline. (4a) dugc diéu ché tir 8—
amino—4 aminoquinoline bang phan tng Skraup v&i B—chloropropiophenone. (4b) 1a 1 san
pham sulfo ho4 cua (4) véi acid chlorosulfonic sau d6 1a su thuy phén.

9.1.2. Ung dung trong phan tich:

Cé 4 chét trén chu yéu duogc str dung nhu mot thude thir tric quang dé xac dinh Fe(I) va
con duogc dung lam chat che, chat phat hi¢n cac ion kim loai khac. Cac phuc chelate sat cua
ching cling dugc sir dung nhu 1a chat chi thi oxi hoa khu.

9.1.3. Tinh chét cua thudc thu:

2,2’—bipyridine (1) 12 mot chat ran tinh thé mau tring, nhiét do néng chay 70+2°C va
nhiét do soi tir 272 — 275°C. N6 ¢6 ap suat hoi bdo hoa ¢ nhiét do phong va dic trung 1a
phan nao c6 mui d& chiu. Chat nay dé dang bj thang hoa hodc chung cat thanh hoi, tan duoc
trong nudc (khoang 5g/L) & nhiét do phong. N6 tan tot trong ruou, ether, benzene, ether dau
hoa, chloroform va acid loang. pKa; = —0,2 va pKa, =4,4 (n=0,1 KNOs, ¢ 25°C).

2,2’,2”Terpyridine (2) 14 mot chat ran tinh thé mau tring, nhiét d6 nong chay 1a 88 —
89°C. N6 khong bay hoi cung véi hoi nuéc va tan han ché trong nuéc, nhung tan dé dang
trong hau hét cac dung méi hitu co va acid loang. pKa, = —1,6 va pKa, = 3,99 va pKa; =
3,99 (n=0,1 K;SO4, 6 25°C).

1,10-phenanthroline (3) 13 1 chét bot tinh thé mau tring. N6 chu yéu ton tai & dang co
ngam nudc va khi néng chay ¢ 98 — 100°C do qua trinh mat nude. Dang khan néng chay &
117°C va dé tan trong nudc (khoang 3,3 g/L ¢ nhiét do phong) va trong benzene (khoang
14g/L & nhiét 46 phong). N6 tan tét trong con (khoang 540g/L ), acetone, va cac acid lodng.

Bathophenanthroline (4a) 1a mot chat bot tinh thé mau tring hodc c6 mau vang nhat,
nhiét 46 nong chay 215 — 216°C va tan nhe trong acid lodng, nhung trong thuc té khong tan
trong nudc trung tinh hodc nudc cé tinh kiém. N6 tan dé trong cac dung méi hitu co nhu
coOn, acetone, benzene.

Sulfonated Bathophenanthroline (4b) Thuong c6 dugc ¢ dang mudi dinatri, co dang tinh
thé bot mau vang nhat hodc hong sang. Mau cta thudc thir tiy thudce vao luong vét cua sit
nhiém ban vao. N6 1a d& chat hut am nhung sau khi sy khé ¢ 110°C trong 2 gid ta thiy rang
khéi lwong cia né khong thay doi khi ting nhiét do 1én 275°C. O ving 4nh sang UV né c6
mau xanh huynh quang sang va dé tan trong nuéc nhung kho tan trong 1 vai dung méi hitu
co. Acid tr do c6 dang chét 1ong sanh, d6 thuy phéan cao, va kho thu duoc ¢ dang ran.

Céc thudc thir & nhom nay déu khéng mau va khong c6 kha ning hip thu bat ky mét tin
hiéu nao & vung kha kién.
9.1.4. Cac phan tng tao phirc va tinh chét cta phirc chat:

Nhitng thude thir & nhom nay hinh thanh phtrc ¢6 mau bén vé6i cac kim loai chuyén tiép.
Tuy nhién, mot s6 hinh thanh céac chelate c6 cudng d6 mau khong manh bang khi chung ton
tai trong dung dich nudc. Mot sé tao chelate gin nhu khéng mau (Cd, Zn, Mn(II) va Ag).
Cu(I) va Fe(Il) 1a cac ngoai 1€ khi hinh thanh c4dc vong cang c6 mau manh. Trong cac
chelate nay, thi (1) va (3) va (4) thé hién nhu 1 khong mang dién tich dé tao thanh ML; va
ML?* loai phitc ¢6 ion kim loai (M™) lién két v6i & vi tri 4 va 6, theo trinh ty nhu minh hoa
0 hinh 1

Terpyridine (2) thé hién nhu mot phdi tr c6 3 lién két, hinh thanh ML,™, mot loai phirc
c6 ion kim loai lién két & vi tri th 6.



Mot s6 gia tri ciia hang s6 bén c6 lién quan duge ding dé xac dinh cac phirc kim loai cia
pyridine, terpyridine va phenanthroline. Cac gia tri ndy dugc tom tit & bang 9.2 dén 9.4.
Cac gia tri cia Bathophenanthroline (4a) 1a Cu(Il), logf3; 21,8( 18°C, u = 0,1; NaCl, 10%
ethanol, va dbi vai sulfonat Bathophenthroline (4b) 1a Fe(II), logP, 22,3.

Céc thudc thir & nhém nay duoc tng dung rong rai dé xac dinh Fe, Cu béi vi chiing hinh
thanh cic phtc c6 mau manh v6i nhimg kim loai nay. Cac dic trung quang phd cua cic
phtic Co, Cu, Fe, va Ru duoc liét ké ¢ bang 9.5, va cac phd hap thu cia cac phtc Fe(Il) véi
(1), (3) va (4a) duoc minh hoa & hinh 2. Mot sé it cac ion kim loai khac cling tao cac phurc
c6 mau tuy nhién quang phd dic trung cua chung rat khac so véi cac phirc cua Fe(Il) va
Cu(I) nén ching khong anh huong dén viéc xac dinh Fe va Cu bang phuong phép quang
phd.

Trai véi mau dé cam dam cua phtrc Fe(Il) (Ferroin), mau cua phuac Fe(Ill) (Ferriin) 1a
khong mau hodc mau xanh nhat. Cap oxi hoa khir Ferroin — Ferriin:

FeL:*" + e = Fels*
khong mau dé cam

c6 tinh thuan nghich rit cao va dap tng tat ca cac doi hoi cia mot chat chi thi oxi hoa
khtr. Thé oxi hoa khir cua phuong trinh c6 thé dugc mo ta bang phuong trinh Nerst:

[Fel? ]

E=E,+0,059l0gr———=

[Fely |
Gia tri cua E, thay ddi tuy thudc vao thanh phﬁn cua dung dich va phu thudc vao mirc do
anh hudéng ctuia h¢ s6 hoat do cﬁg cég thanh phan c6 trong dung digh va do bén cua phuc
Fe(II) va Fe(Ill). Bang 9.6 tom tat thé cua Ferroin — Ferriin ¢ cac nong d¢ acid khac nhau,
cung voi sy thay do6i mau cia chung. Mot s6 dan xuat quan trong cua bipyridine(I) va

phenanthroline (3) dugc dung lam chi thi oxi ho4 khtr cling duoc néu trong bang nay.



Béang 9.2: HANG SO BEN PHUC CUA BIPYRIDINE

Ton kim loai | Log KML | Log " Dicu ki¢n
Al 08 Log™ " | Nhiet do m
Ag(l) 3,7 B, 7,22 - 25 0,1(KNO;)
Ag(II) — B, 6,8 - 25 -

Cd 4,25 3,6 2,7 20 | 0,1(NaNO,)
Co(I) 6,06 5,36 4,60 20 | 0,1(NaNO»)
Cr(1l) ~4 ~ 64 3,5 — 0,1
Cu(I) —~ B,14,2 - 25 0,1(KNO3)
Cu(Il) 8,0 5,6 3,48 20 | 0,1(NaNO,)
Fe(Il) 4,20 3,70 9,55 25 0,1
Fe(I1I) 4,2 > 5 B, 17,06 25 -
Hg(II) 9,64 7,10 2,8 20 | 0,1(NaNO,)

Mg 0,5 — — 27 ] 0,5(LiClO,)
Mn(II) 2,62 2,00 ~ 1,1 25 0,1(KCI)

Ni 7,13 6,88 6,53 20 | 0,1(NaNO,)

Pb 2,9 — — 20 | 0,1(NaNO,)
Ti(I) - B.3 - 25 1,0(NaNO:)
Ti(I1I) 9,40 6,70 - 25 1,0(NaNO:)
V(1) 4,91 4,67 3,85 — 0,1

Zn 5,04 4,35 3,57 25 0,1(KCI)
Bang 9.3: HANG SO BEN CUA PHUC CUA TERPYRIDINE(2)

N Log K Piéu kién
on kim loai | Log KML Nhiét do u
Cd 5.1 — 25 —
Co(II) 8,4 B, 18,3 25 -
Cu() ~9.3 — 25 | 0,1(K:S0.)
Cu(Il) ~13,0 — 25 | 0,1(K:S0.)
Fe(II) 7,1 B, 20,9 25 -
Mn(II) 4.4 — 25 —
Ni 10,7 B,21,8 25 -
Zn 6,0 — 25 —
Bang 9.4: HANG SO BEN CUA PHUC 1,10 PHENANTHROLINE
o , Log K Diéu kién
on kim loai | Log KML Log" " | Nnhiet do "

Ag 5,02 7,05 — 25 0.1

Ca 0,7 — — 20 | 0,1(NaNO,)

Cd 5,78 5,04 4,10 20 | 0,1(NaNOs)
Co(I) 725 6,70 5,95 20 | 0,1(NaNO,)
Cu(l) — B,15,82 — 25 0,1(K>S0.)
Cu(Il) 9,25 6,75 5,35 20 | 0,1(NaNO,)
Fe(1]) 5,86 525 10,03 20 | 0,1(NaNO,)
Fe(I1I) 6,5 B.11.4 | B,23,5 20 | 0,1(NaNOs)




He(1) - B,19,65 3,7 20 | 0,1(NaNO;)
Mg 12 — _ 20 | 0,1(NaNO5)
Mn(II) 4,13 3,48 2,7 20 | 0,1(NaNO5)
Ni 8,8 8,3 7.7 20 | 0,1(NaNO;)
Pb 4,65 — _ 20 | 0,1(NaNO5)
TI(D) — B4 _ 25 | 1,0(NaNO;)
TI(IIT) 11,57 6,73 _ 25 | 1,0(NaNO;)
vO(II) 5,47 422 — 25 0,082
Zn 6,55 5,80 5,20 20 |0,1(NaNO;)

Trong céc thude thir dugc liét ké ¢ bang 9.6, thé oxi hoa khir ctia 5—nitro (3) duogc goi la
nitro Ferroin, c6 dién thé gan nhit so voi thé twong duong cua phan ung chuan do Ceri
(+1,19) véi Fe2+ d6i khi thudc thir nay 1 chi thi 1y tuong dé chuan d6 véi dung dich Ceri.

Nhu di trinh bay & trén, cac chit tir (1) dén (4a) déu thé hién nhu mot phdi tir khong
mang dién, két qua ctia viéc hinh thanh phirc cation thi van con giit lai dién tich dwong ¢ ion
kim loai trung tdm. Céc phirc cation ndy cé khuynh huéng hinh thanh két tia khong tan voi
cac anion céng kénh ¢6 hoa trj 1 hodc 2, nhu 1a Cl0,, SCN", hoic CdL,>. Do tan phu thudc
rat nhiéu vao su lién két cta cac phirc giita cic anion va cation, va phan tng c6 thé duoc st
dung dé phat hién hay tach cac anion bang phan ung két tia. Bang 9.7 tom tat gi6i han pha
lodng dé phat hién cc anion khic nhau bang Fe(bipy)3S04. Mic du cac két tia nay khong
tan trong nude nhung lai tan trong cac dung méi hitu co ¢6 hang sé dién méi cao.

bJ tan cua Fe(phen);X, (X = CIOy, I, Br, CI') trong cac dung moi khac nhau dugc tom
tit & bang 9.8. Va mot sd anion duoc chiét vao cac pha hitu co nhu 1a 1 cdp ion. Mot lan
nita, hé sb chiét, lai phu thudc vao sy lién két cta cac phuc cation, cac anion duoc chiét va
dung méi. Bang 9.9 tom tit ti 16 phan b cta cip Fe(bipy)s va X, Fe(phen);Xo.

Céc phuc cation dugc tao thanh boi biquinoline va cdc hoa chat cé lién quan ciing dugc
st dung cho muc dich nay. Cac vi du v€ qua trinh chiét cdp ion cta cac anion khac nhau véi
phtrc Ferroin dugc tom tat & bang 9.10.

9.1.5. Sy tinh ché va qua trinh tinh ché hoa chat:

Ca 4 chat déu co6 nhiing tinh chét dic trung ciia mot tinh thé va dé dang duoc tinh ché
bang qua trinh két tinh lai tir cac dung méi thich hop, (1) thi dung méi 1a ethanol lodng, (2)
va (4a) thi tir benzene, con (3) thi vAn con chtra 1 nhom hydrat khi két tinh lai tir benzene—
nudc hay benzene am. Chét khan thi c6 thé dugc diéu ché tir benzene hoic ether dau hoa di
dugc loai nuwdc bang qua trinh chung cat.

Khi d¢ tinh khiét thap, (4b) 1a 1 chit bdt mau néu hodc nau vang va rat kho dé loai di
mau nhlem ban nay. Dung dich (4b)-nudc rat nhay véi sit vi vdy phai hét st can trong dé
tranh sat nhiém ban 1én nudc, hoa chit va dung cu thuy tinh. Mudi v6 co va mot sb chat gay
nhiém mau c6 thé duge loai bo bang cach hoa tan mau tho vao mét lugng nudce nho, sau do
thém vao ethanol dé két tua cic chit gay nhiém ban, dang tinh khiét ciia (4b) dugc diéu ché
béng cach cho béc kho dich loc.

Chung ta c6 thé kiém tra do tinh khiét cua (1) dén (4a) mot cach dé dang bang cach
quan sat diém nong chay cta chung hoic chuin do bang acid perchloric trong moi truong
acid acetic voi chi thi la naphtholbenzene. Dung phuong phap pho hép thu dé xac dinh d6
tinh khiét ctia (4b). Hoa chat ma thoa mén d¢ tinh khiét thi phai dap ung nhing yéu cau sau:

A (6 278,5nm) > 0,70
A (6'535nm) < 0,01



Trong d6 A 1a d6 hap thu ciia dd (4b)10mg/L, cuvet silic 10mm.
9.1.6. Céc ting dung trong phan tich:
9.1.6.1. Thudc thtr quang phd:

Mot sd thude thir tao mau di duoc nghién ctu dé xac dinh ham lugng vét Sit, nhung
khong c6 thude thir ndo c6 thé sanh bang cac thudc thir Ferroin.

Bipyridine(1), terpyridine(2) va phenanthroline(3) 1a dugc dé nghi cho cac muc dich
chung ma khéng can c6 do nhay cao hay cac diéu kién dic biét. Bathophenanthroline(4a) va
dan xuit xuét phat hoa (4b) duoc dé nghi dé xac dinh ham luvong sat cao. Viée xac dinh co
thé duogc thyc hién trong méi truong nudc déi vai (1), (2), (3) va (4b). Tuy nhién, ddi voi
(4a) thi can phai chiét phirc mau bang dung méi hitu co.

Khi str dung (1) dén (3) , phtic sat mau do6 cam hinh thanh mot cach dinh luong & trong
khoang pH tir 2 dén 9 (t6t nhat 13 tir 4 — 6 ). Trong cic tac chat thuong dung 1am chat khi dé
chuyén Fe(III) vé Fe(II) thi hydroxylamine—HCI va acid ascorbic 1 dugc tmg dung rong rai
& khoang pH nay. Thur ty cho thém cac thudc thir ciing rat quan trong, va thir tu thudng
dugc dung la: chat khir, chat 1én mau va dém.

- bo hép thy tudn theo dinh luat Beer trong khoang ndéng do tir 0 — 8 ppm Fe va 5 — 50ug
sat trong 10 ml dung dich. B§ bén mau trong khoang vai thang.

Mic du (1) dén (3) c6 d6 chon loc cao ddi véi sit nhung néu mot vai nguyén té c¢6 nhiéu
trong mau phan tich ciing c6 thé gay anh huong. Mirc do anh hudng cua cac nguyén td co
thé giam bét tuy thude vao pH, luong thudc thir 1én mau va loai thude thir dung lam chét
che va néng do cua no. Khi dung citrate va EDTA, & khoang pH = 5,0 — 6,5, thi ti 18 cac
chat co thé gay anh hudng (ti 16 mol ctia ion anh huéng/Fe) nhu sau Ag(50), Co (<20), Cu
(4.18), Mo (<40), Ni(12,5), Cr (<200), Ru (<30), va W (<7).

(4a) thuong du:qc dung khi can c6 do chon loc va do nhay cao, véi thude thur nay thi’ ham
lugng cua Fe cd thé xac dinh dugce 1a 0,001 — 0,1 ppm. N6 cling cé dd chon loc cao doi voi
Fe bot vi chi ¢6 Fe(Il) mdi hinh thanh phirc mau ¢ pH = 4 trong dung dich nudc, va phirc
nay co thé dugc chiét vao iso- amyl hay hon hgp iso—amyl va iso—propylether(1:1). Cu(I)
cling hinh thanh phtrc khéng mau c6 thé dugc chiét & pH < 4 nhung khong giy anh hudng
dén viéc xac dinh Fe, vi diéu kién 1a luong thudc thtr tao mau thém vao da dé tao phtrc voi
ca Fe va Cu.

(4b) hinh thanh phirc 3 chelate mau do bén trong khoang pH = 2

(4b) tao phirc ddi voi Fe d6 chon loc yéu hon so v6i (4a). Mot luong tuong dbi nho Cu,
Co, va Cr cling c6 thé géy anh huong do hinh thanh phirc mau do, nhung (4b) lai rat thuan
tién cho vi¢c xac dinh Fe thong thuong, vi giai doan chiét c6 thé bd qua khi st dung (4b).
9.1.6.2. Ung dung lam thudc thir huynh quang:

(3) thuong dung lam thudc thur huynh quang dé xac dinh cac chat nhu Ag, Cd, Pd, Re,
Sc, Zn va dat hiém c6 ham lugng vét Nguyén tac cua phuong phap 1a dya trén sy xuat hién
cua mau huynh quang trong hon hgp tao phirc dugce hinh thanh khi ¢6 mét phdi tir thar hai,
vi du nhu acid salicylic, acid 2—phenyl-4quinolinecarboxyluc, Eosine, dibromofluorescein
hoac TTA.

9.1.6.3. Ung dung lam chét che:

Thudc thur cia nhom nay thuong hinh thanh phirc khong mau voi cac ion kim loai khac
nhau va c6 thé dugc st dung nhu lam chat che trong phan g tao phirc hay phép do quang.



(4a) ciing duoc tmg dung 1am chat che dé loai bo cac vét Sat, Cu, va mot s6 ion kim loai
nao dé co trong dung dich thudc thir dung dé phan tich ham luong vét kim loai. Sau khi
dung dich phan tng voi (4a), phirc tao thanh va cac chat khong phan tmg dugc loai bo dé
dang bang cach chiét voi dung moi khong tan trong dung dich.

9.1.6.4. Ung dung 1am chat chiét:

Nhu di trinh bay & trén, phtic cation sit ¢ dd bén cao va cac anion khac co thé duoc
chiét vao pha hiru co nhu 1 cip ion (xem bang 9.10). Trong cac diéu kién thich hop, viéc
chiét rat dinh luong, va ndng do cua anion twong tng trong pha nudc cd thé duoc xac dinh
bang cach do cudng do cua Ferroin & pha hitu co, theo phuong trinh sau

Fe( phen) §+aq +2X,, 83 Fe(phen).’ + X2
9.1.6.5. Ung dung 1am chét chi thi oxi hoa khir:

Nhu da trinh bay & trén, phan tng thuan nghich Ferroin = Ferriin ¢6 thé dugc tng dung
dé 1am chat chi thi trong phan tmg oxi hoa khur. Méc du, thé dich chuyén cua chi thi ma tai
d6 co thé quan sat sy thay d6i mau quan h¢ chat ché voi thé hinh thanh, gia tri u6c luong
clia n6 phan nao bién doi tuy thudc vao cac cau tir. N6i chung, vi phirc mau do6 cam cta
Ferroin manh hon phttc mau xanh nhat cta Ferriin, khoang 9/10 ctua Ferroin phai dugc
chuyén thanh Ferriin trude khi nhan ra diém thay doi mau. theo do, thé chuyén dich khoang
0,05V(0,0591.1og[Ferroin/Ferriin], 16n hon thé tao thanh & bang 9.7. Chi thi c6 nguén géc
tir 5-nitro—1,10—phenanthroline 12 mot chi thi 1y twéng thich hop khi chuan do Ce(IV)
( perchlorate) trong acid perchloric va dd HNO:s.

9.1.7. Cac thudc thir c6 cu trac tuong ty:
9.1.7.1. 4,7-dihydroxy—1,10—phenanthroline (thudc thir Snyder)

HCI

Thuong ¢ dang HCI (H.L.HCI), khoi lugng mol = 248,67); bot tinh thé mau vang (phan
huy & 475°C). Chat nay tan nhe trong nudc & pH = 1 — 8 va trong cac dung mdi hiru co,
nhung tan manh trong cac dung dich kiém (pH = 8). Dung dich bén trong nhiéu thang tham
chi & nhi¢t do cao, pKi(N+H) = 2,55, pKa,(OH) = 7,28 va pKa;(OH) = 11,5

Thudc thir Snyder 1a 1 thude thir dic biét 1y tha do hinh thanh phirc mau do véi Fe(Il)
trong dd NaOH 6 dén 10 N, & bude song A = 520nm; € = 1,48.10%. Hon nira, thude thur nay
con duge dung nhu mot thude thtr tric quang dbi véi Fe, trong dung dich kiém manh.
Tuong tu, din xut cua 2,9-dimethyl ciing dugc dung 1am thube thir dbi véi ion Cu (A =
400nm; € = 1,15.10* trong NaOH 0,5 — 7 N)

9.1.7.2. Phenyl-2—pyridylketoxime (2—-Benzoylpyridine oxime, PPKO)

HO— N/ N= N/ N=



Trong hai chat dong phan lap the, dang phan ung voi cac ion kim loai khac nhau hinh
thanh cac phuc c6 mau va c6 thé chiét bang dung dich chloroform. Chit nay hau nhu khong
tan trong nudc va cdn nhung lai dé tan trong ethanol néng, benzene, chloroform, dioxane,
ruou izo amylic va cac acid vo co lodng. Thubc thir ndy & dang rén va long déu nhay voi
anh sang va do6i khi phai tranh anh sang chiéu tryc tiép; pKa,( HoL") = 2,84 va pKay(HL) =
12,19 ( p = 0,1NaClOs, 40% acetone, 20°C).

Thudc thir nay hinh thanh phtrc ¢6 mau véi Fe(II), (IIT) (d6), Cu(I) (cam), Cu(II) (xanh),
Au( III), Co(II), Pd(I), Pt( 1) va UO,*" (vang), va Cr(Ill) (khong mau) trong dung dich
trung tinh hodc kiém. Trong dd kiém manh (pH, NaOH 5 — 10 N), Fe(II) hinh thanh phirc
mau do ddm (ML,, (Amax = 545 nm, € = 1,52.10", phtrc nay c6 thé chiét vao ruou izo amylic.
Hon nita, PPKO ciing duoc dé nghi ding dé xac dinh luong vét ciia Fe trong mau kiém. N6
cling duoc dung dé xac dinh Au(III), Cu(II) va Pd(II).

Bang 9.7: DO KET TUA CUA CAC ANION VOI [Fe(bipy);]SO,

Anion | Gi61 han pha lodng Anion (G161 han pha loang
Cr 1:10 Fe(CN)s* 1:5.000
Br 1:50 Fe(CN)s” 1:30.000
I 1:1.000 Fe(CN)s(NO), 1:20.000
SCN- 1:5.000 PtCls™ 1:100.000
VO;5 1:40.000 BiCly 1:10.000
Cr,0~ 1:6.000 SnCls* 1:2.000
MnOy 1:12.500 HgClL* 1:50.000
ReO4 1:1.000 CdL* 1:1.000.000
Béang 9.8: D¢ tan ctia Fe(phen);X, trong céac loai dung mdi khac nhau (mol/L tai 25°C)
Dung méi X
ClOy4 I Br CI SCN-
. 8,8.10* * 3 2 ¥ 3
Nudc 7.9.10* 6,15.10° | 5,08.10~ | 2,55.10" | 3,3.10
Nitrobenzene 2,95.10% | 6,26.10° | 6,7.10" | 6,2.10* | 6,04.10°
Nudc bao hoa nitrobenzene | 4,5.10-4 | 3,29.10° | 5,31.102% | 2,71.10" | 1,59.10°
Nitrobenzene bdo hoa nudc | 3,55.10-2 | 6,0.10° | 1,27.10° | 2,32.10* | 6,66.10°

*: (G1a tr1 tinh duoc béng cach dung dién cuc mang, do hoa tan ctua Fe(bipy)s;(ClO4), 1a

1,9.10°M

Bang 9.9: Ty 1 phan b6 (D) cua cip ion Ferroin (FeL3)2+(X-)2a (25°C)

X [Fe(bipy);]"(X): [Fe(phen); o' (X):
Nitrobenzene/nudc | Dichloroethane/nude | Nitrobenzene/nudce
_ (6.107)° (5.10%) (10
ClO, 422 0,077 13,5
_ (2,5.10.)° (5.107)° (107)°
SCN 0.39 0.012 1,71
- (3.10)" (3.10°)" (10
0,19 0,004 0,83
. (10 - (10
Br 0,06 0,03
) B B (10-2)b
Cl 0,003




a: On dinh trong dung dich dém phosphate 1/15M (pH 5,3)
b: Gia trj trong ngodc don 1a ndng d6 ban dau ciia mubi Ferroin trong pha nuéc
VIIL2.TRIPYRIDYLTRIAZINE(TPTZ) VA PYRIDYLDIPHENYLTRIAZINE

‘ N
N ~ X
N™ 5N O
N\ | 7 N\ N
geRedases
= 7 =N N=N
(WL ()L, X=H

(3) HoL, X = SO3H

9.2.1. Nhiing tir d6ng nghia

Nhiing :chuéc thir dugc bao ham trong doan nay duoc li¢t ké tir bang 9.11, cung vdi
nhitng tr dong nghia cua chung .

9.2.2. Ngudn gbc va nhitng phuong phap cia tong hop

Tét ca dang thuong pham sin c6 thudng dugc cung cdp nhu 1a tinh thé mubi mono hodc
dinatri c6 chira 1 — 2 phan tir nudc.

(1) duoc diéu ché bang cach ty c6 dic ctia 2—cyanopyridine trong su c6 mit natri
hydroxide.

(2) dugc diéu ché bang phan ung timg giai doan ciia 2—cyanopyridine véi hydrazine,
sau do6 vai benzyl.

(3) 1a san pham sulfonate ctia (2) v6i hoi acid sulfuric.
9.2.3. Nhiing tng dung trong phan tich.

‘Nhiing thudc thir do quang cho Fe(Il) va Cu(Il). Ching ciing duoc ding dé do quang
chat xac dinh cua cac kim loai khac, nhu 1a Co, Cr, Ni va Ru. (1) va (3) thi thich hop cho
viéc st dung trong mot h¢ chira nudce.

9.2.4. Tinh chét cua thudc thir

TPTZ (1) 1a tinh thé hinh kim mau vang sang, diém ndng chay 245-248°C, va it tan
trong nioc (0 0,03g/100ml), nhung tan nhiéu trong ethanol. N6 dé dang tan trong acid
chlorhydric lodng va khong tan trong dung moi khong phan cuc. Gia tri pKa cua HL" la
3,10 (25°C, u = 0,1 KCl), hodc trong dang khac, gia tri sy phan ly nac hai cua H,L* 12 2,82
va 2,75 (25°C, p = 0,23 NaCl). Su phan bo cua (1) gitta dung mdi hitu co khac va dung
dich acid da dugc nghién ctru, va gia tri pH1/2 1a 1,93 (nitrobezen), 0,38 (phenylcarbiol,
1,20 (chloroform), 2,16 (dichloroethane), 2,50 (trichloroethylen), 1,72 (n—butanol), va 2,28
(n—pentanol).

PDT (2) 1a tinh thé hinh kim méau vang sang, diém néng chay 191-192°C va tan it trong
nudc, nhung tan nhiéu trong alcohol va cac dung moéi khac; pKa (LH") = 2,95 (25°C). Su



phan bd ti 1& cua (2) gitta chloroform va dung dich acid khac dugc tong quét trong bang
9.11.

PDTS (3) 1a dang bot co mau vang sang hodc vang xanh, nhiét d6 phan huy lén hon
3500, né thuong dugc cung cap nhu tinh thé mudi mono hoic dinatri c6 chia 1 —2 phén tir
nude, va dé dang hoa tan trong nudc tao ra dung dich khong mau hoic sang hong
(0,7g/100ml trong NaHL & 20°C).

Dai hap thu khong dic trung dugc quan sat trong (1),(2) va (3) trén ving kha kién.

9.2.5. Nhitng phan tmg phtic chat va tinh chat ctia phirc chat

"TPTZ (1) ,thé hién bang mot phdi tir ¢6 3 nhanh nhu terpyridine,va PDT (2)va PDTS(3)
thé hién bang mot phoi tir 2 nhanh nhu bipridine, hinh thanh HL* va HL* loai vong véi ion
kim loai c6 sO phdi tri bang 6, theo thir ty. Loai vong véi (1) va (3) c6 tinh dac trung cho
kha nang tan trong nudc cua ching. Vong sat(Il) voi (2) ([FeLs]*) c6 thé duoc chiét vao
1so—amyalcohol, hoéc, néu c6 mat SCN’, trong cl}loroform hinh thénh pha ‘acid 10 rét chﬁa
nudc, tro thanh nén tang cho viéc xac dinh vét sat trong acid. DPi€u kién hang s6 can bang
cho phéan tng sau

Fe* +3[LH"X") %\z‘a% ([Fels] X,), +3H"+X" Ko,
K*=K./[H]’.[X], d& dugc tinh toan bang (9,0+0,4).10" (trong H.80; 1M va NaSCN
0,5M). Hang s bén cua lién két vong duge danh gia trong mot s6 dugc gisi han cua nhu’ng

kim loai; TPTZ, logB,(Co(1)), 09,11; logB.(Fe(Il)); 11,4; PDTS, logPs(Fe(Il)), 15,56 ( diéu
kién ctia hang sb & pH 3,5 dén 4,5).

Quang phd dic trung ciia vong kim loai dugc tém tét trong bang 9.13. Phd hép thu cua
Fe-TPTZ vong (FeL,”) trong dung dich chira nuéc duoc minh hoa trong hinh
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9.2.6. Tinh ché va d tinh khiét ctia cac thube thir:

TPTZ (1) va PTD (2) ¢6 thé duogc tinh ché bralmg cach lap lai qua trinh kég tinh tr dung
dich ethanol va ethanol-DMF, theo thtr tu, cho dén khi nhan dugc diém s61 chap nhan.

PDTS (3) ¢6 thé dugc tinh ché béqg cach két tinh tir nudc hodc bang cach hoa tan véi
mot it nudc, sau do thém ethanol vao dé€ lang duoc tinh chat.

Thi nghiém cua (3) duoc tién hanh ngoai cach quan sat bang do hap thu cua vong véi Fe
(2) 6 budc séng 562nm, st dung vuot qua 10 1an cua Fe(Il) & pH 4,5 (d¢m hydroxylamine
acetat) (€ = 2,86.10%). Mau trang sat hién c6 trong thudc thir dugc xac dinh bang cach do
dung dich nude 2,5% ¢ biroc song tir 500 — 700nm sir dung 6 ong do lem. Cach khac trong
d6 hap thu giita 502 va 700nm dugc sir dung dé tinh toan c6 chira sit.

9.2.7. Ung dung trong phan tich



Nhiéu dan xuit cia triazine, (1), (2), va (3) da dugc phat hién la thudc thir ctia sit trong
hau hét nhitng tng dung trong thuc té.

Trong nhirng tmg dung cua (2) dyoc két hop voi ch1et Xuét dung moi, (1) va (3) co thé
dugc st dung trong hé thong dung dich nudc. Piéu kién tot nhat dé phat trién mau dugc tom
tat trong bang 9.13.

Sy thuan lgi cia TPTZ 1a ¢6 dinh hap thu xuat hién trong khoang budc song twong ddi
rong va thudc thir rat ré. Tuy nhién, thudc thu khong chon loc dai dién cho Fe boi vi Co, Cu,
Cr, Ni va Ru ciing hinh thanh phitc mau. Anion nhu MnO,, NO;, va CrO,* cling ¢6 anh
huéng rat 1on.

PDT va PDTS ciing hinh thanh phitc mau v6i Cu, nhung peak hap thu cia phirc Cu(I) co
cudng do yéu hon va xuat hién ¢ budc song 488nm, phirc nay khong can trd khi xac dinh
sat. Nhitng ion can tré va mirc d6 anh hudng trong xac dinh Fe(Il) voi TPTZ va TPTS duoc
tom tit trong bang 9.14 va 9.15

TPTZ va TPTS di dugc sir dung dé xac dinh Fe trong huyét thanh va sita v6i cach xir Iy
so bg. Lugng nhé Cu co thé che voi Neocuproine, thiourea, hodc acid thioglycolic.

Thudc thir véi moi tuong quan vé cau truc

Nhitng chit ddn xuit khac cia asym—triazine da duoc nghién ciru dé thay thé cho thudc
thir ciia Fe, Cu, hoac Co. Vai thuoc thur thanh cong dugc tom tat trong bang 9.16.

Bang 9.11: TPTZ VA CAC HOP CHAT TUONG TU

Thudc A R . Cong thuce
thir Tén Tén go1 phan tir KLPT
. . 2,4,6-Tris(2—pyridyl)-S—
(1) Tripyridyltriazine triazine, TPTZ CisHioNg 312,33
2) Pyridyldiphenyl | 3—(2—Pyridyl)-5—6—diphenyl CoH 1N, 310,36

triazine —1,2 4-triazine, PDT

3—(2-Pyridyl)-5-6—
diphenyl-1,2,4—triazine,
Pyridyldiphenyl | sulfonic acid, mudi natri, 3—
(3) | triazine, sulfonic (2-Pyridyl)-5-6-di(4- C20H12NsO6Na. HO | 486,35
acid, mudi natri sulfophenyl)-1,2,4—triazine,
mudi dinatri, PDTS,

FerrozinelJ (*)

(*) Tén thwong mai cia cong ty Hoa Chat Hach., Lién Doanh.,Ames, lowa
Bang 9.12: SAP XEP TY SO CUA PDT (2) GIUA CHLOROFORM
VA CAC DUNG DICH ACID KHAC (CHCly/acid)

HCIO,+
Nong d¢ acid (M) | HC1O, | H,SO4 | HCI | HNO; | NaSCN
(0,5M)

0,5 110 | 150 [190] 120 | 120

1,0 40 | 150 [ 150 [ 60 70

2,0 13 28 | 16 | 13 26

5,0 1,6 | 020 |42 ] 32 10

0
8,0 004 | 005 | 0| 15 1,4







Bang 9.14: CAC ION CAN TRO TRONG XAC PINH Fe(1,1ppm) VOI TPTZ (1)

Ton kim loai | Nong d6 (ppm) | Sai s6 (%) | Anion Nong d6 (ppm) | Sai s6 (%)
Ag 102 ppt F 502 +0,2
Ba 101 +0,2 Br 556 +0,2
Bi 100 ppt CN- 500 Rét 16n
Cd 100 -0,7 NOy 500 Lén

Co(Il) 4,8 +3,6 NO;s 504 +0,2
Cr(I1I) 20,8 +2.,4 PO,” 528 +0,2
Cu(Il) 6,3 +4,8 ClOs 548 +0,2
Hg(I1) 100 ppt SCN- 507 +0,2
K 1067 +0,4 S,05* 528 +0,4
Mn(1I) 110 +0,2 MoO,* 34 Rit 1on
Ni 10,6 +2,7 CH;0, 14400 -0,2
Pb 101 +0,2
Sn(1I) 100 -0,2 Khong can tré
Sr 99 +0,2 Al, Be, Ca, Li, Mg,
Th 120 -0,2 NH4+, I, SO42_, 82032_, ClOy, BO33-, BrOy
UO32- 115 +0,4

Bang 9.16: QUANG PHO DAC TRUNG CUA VONG KIM LOAI CUA MOT VAI
ASYM-TRIAZINE

Ion Vong kim loai
Thudc thir kim | A 3 Ghi chu
loai (nm) | (x10%
3—(4—Phenyl-2—pyridyl)-5— | Co(II) 516 0,22 —
6—diphenyl—1,2,4—triazine
&PD-‘/T hoie PAT) Cu(l) | 480 | 0,79 -
FeL, & pH 3L7/, trong
ethanol — nudce (1:1), chat
Fell) 261 2,87 can tr¢ 0,27 [02,44ppm Fe
EDTA, CN°
2,4-bis(5,6-Diphenyl—
1,2,4—triazeno—3—yl) Co(II) 475 0,01 —
pyridine
Cu(l) 510 1,52 —
Fe(l) | 563 30 Chiét véi CHCI, OpH7
(mau tim)
3—(4-Pheyl-2—pyridyl)-3—
g)henyli/ 1 ,2,4p—}‘:riagi§e Cu(D) 495 1,03
FeL, ¢ pH 3 J12, (mau
Fe(II) 560 3,48 | tim); dd nhay cao; vong Co
thi khong mau

VIIL.3.0-DIOXIME

9.3.1. Nhiing cong thirc dong phan:
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o—Dioxime duoc liét ké trong bang 9.17, ciing v&i dong phan va ciu triic cau tao
cua no
Bang 9.17: CAC DIOXIME

STT CTCT Tén goi Cong ﬂt’t}r"’c phan
H;C— C — C —CH; 2,3 — Butandionedioxime, _

(1) o Dimethylglyoxime, C4II_1186N 12 20 %
HO—N ~ N—OH Diethyldioxime, DMG :

e U ,
2) o 1o Furildioxime CI10H8N204;

220,18
HO—N N—OH

2 N—OH
3) @ 1,2 — Cyclohexanedione — C6H10N202;

dioxime, Nioxime 142,16
\N— OH

? '?

H3 3

\//\/\\/

/"\//\
H3C/\\ CH;

o N

o
4)

9.3.2. Ngudn gbc va phuong phap tong hop:

Co tinh thuong mai. Duoc téng hop tir phan ng tuwong ng cua o — diketone va
hydroxylamine (ngoai 1€ do6i véi (1) 1a dugc tong hop tir methyl ethyl ketone bang
biacetylmonoxime).

9.3.3. Dung trong phan tich:

Dimethylglyoxime (1) 1a mot trong nhirng thude thir hitu co chon loc dau tién dugc
mg dung trong hoéa hoc phén tich. Dioximes tu (1) dén (3) dugc st dung rong réi nhu
mot thude thir két ta chon loc, thuoc thir xac dinh va thubc thir do quang cho cac kim
loai Ni, Pd(II), Pt(II), vd mot s6 ion kim loai khac. Trong sé 3 ddng phan hinh hoc
khong gian, chi c6 ddng phan anti c6 kha ning tao phirc chelate v6i ion kim loai.
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C—C C—_C C—C
V4 \ V4 N\ V4 N\
0—N N—O N N N N—O
/ \ \O O/ \O \H
H H
/ \ /
H H H
Anti-(a) Syn-(B) Amphi~(y)

9.3.4. Tinh chét cua thudc thu:

Dimethylglyoxime 1 1a tinh thé hinh kim, khong mau, nhiét d6 néng chay tir 238 —
240°C (c6 sy phan hiy), tan rat it trong nudc (0,632 g/L 25°C) va trong CHCl; (0,052
g/L 25°C) va hau nhu c6 thé hoa tan trong C,Hs OH 96% (16,3 g/L 25°C) va nd dé
dang tan trong dung dich kiém va trong dung dich acid (pH < 1).

N6 bi thuy phén tir tir & nhiét do phong va thiang hoa & nhiét do tir 26 — 68°C (2.10°
TORR ) ty trong D(CHCI3/H,O) = 0,083 25°C pKa (Hs;L") = 8,7; pKa (H.L) = 10,6 ;
pKA(HL) =11,9 (M =0,01; KIO4 25°C))

Furildioxime (2), mau thong dung nhét 14 hdn hop pha tron tir hai ddng phan anti va
syn theo ty 1& 1:1, thoa mén cho hau hét cac ing dung trong phén tich. N6 1a tinh thé
khong mau hay c6 mau vang nhat, nhi¢t do nong chay tir 166 — 168°C (c6 sy phan
huy). Pong phan anti tinh khiét nong chay & 192°C va né hau nhu khong tan trong
nudc nhung tan dé dang trong acetone, rugu va ether va hoa tan it trong chloroform
(10,6 g/L) benzene va ether dau hoa D(CHCly/H,0) = 0,35 (H,L) pKa= 11,6 (50%
dioxane 25°C).

Cyclohexanedionedioxime (3) 14 tinh thé khong mau nhiét d nong chay 187 —
188°C (c6 su phan huy). (3) tan trong nudce nhiéu hon (1) (8,2 g/L, 21,5°C ) va co thé
tai két tinh trong nudc nong pKa (H,L) =12,0 (50 % dioxane 25°C).

9.3.5. Phan g tao phtrc va tinh chit cua phc:

o—Dioxime (H.L), & d6ng phan anti, tao thanh dang phuc chelate M(HL), voi nhiéu
ion kim loai chuyén tiép hod tri 2. Trong vai tro thudc thir phan tich, tinh chat quan
trong nhat cta (1), (2) va (3) 1a tinh khong tan trong nudc, tao phirc mau chelate tir
dién (4) voi Ni, Pd(II), Pt(Il). Trong noi phén tu, lién két hydro lam 6n dinh phirc
chelate M(HL),, va do d6 hop chit phirc nay khong dé bi solvate. Trong truong hop
phirc chelate ciia Ni, viéc tao voi kim loai yéu lién két kim loai trong trang thai ran
cling gop phan 1am cho chat d6 khong tan trong nudc. Mit khac, phtc cua Cu(Il) va
Co(I) véi dimethylglyoxime tan it trong nudc, vi vi tri phéi tri thir 5 hodc 6 cta ion
kim loai trung tam bi lién két v6i phan tir nude. Trong truong hop cia phirc chelate
Pd(II), n6 khong tan trong dung dich acid hay trung tinh, nhung lai tan trong kiém yéu
vi nguyén tir trung tdm co6 kha nang tao lién két phdi tri voi ion hydroxide. Vi phirc
chelate Ni khong thé tao lién két phdi tri v6i ion hydroxide, tham chi trong méi trudng
kiém manh, sy khac biét nay trong co ché tao phirc c6 thé dugc dung dé phan tach Ni
va Pd.

Co ché tao phirc ctia thude thir (1), (2) va (3) hau nhu giéng nhau nhung (2) c6 loi
thé hon (1) dé chelate kim loai tan nhiéu hon trong dung méi hiru co, va mau ctia phan
mg nhay hon. M6t uu diém cua (3) so véi (1) 12 ¢ hoa tan trong nudc cua thuoc thir
cao hon va phan tir khéi nang hon c6 thé dung dé chiét trong lugng mong mudn.
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Hang s6 bén cua phuc trong nudc hay dung dich dioxane duoc tong két & bang
9.18.

Bang 9.18: HANG SO BEN CUA PHUC CHELATE — DIOXIME

Thudc thir | Ton kim loai KlﬁfL log KML2 Piéu kién
Cd 5,7 5,0 50% dioxane, 25°C
Co(II) 10,8 10,2 50% dioxane
Co(II) 8,7 9,0 Nudc, 25°C
10,0
Co(IIT) 15 (log KML3 7.2)
Cu(Il) 11 12,5 50% dioxane
(1) Fe(II) 10,8 9,2 50% dioxane
La(III) 6,6 5,9 50% dioxane
Mn(1II) 8,6 8,6 50% dioxane
Ni 11,16 10,54 50% dioxane
Pd(II) K «K; — Nudc, 25°C
Pb 7,3 B2 34,1 50% dioxane
/n 8,1 9,3 50% dioxane
Co(Il) 8,2 7,2 50% dioxane
Cu(Il) 10,3 10,1 50% dioxane
2 Fe(II) K1«K2 221,8 50% dioxane
Mn(I1) 6,4 5,4 50% dioxane
Ni 6,9 7,2 50% dioxane
Zn K1«K2 B2 15,7 50% dioxane
Co(II) 13 12,5 50% dioxane
Cu(Il) 13,2 12,5 50% dioxane
3) Mn(II) 8,2 7,2 50% dioxane
Ni 11,08 11,38 50% dioxane
Zn K1«K2 B2 14,4 50% dioxane

That tht vi dé nhan thay, trong hau hét cac truong hop, KML/KML, < 1, ma phu
thudc vao lién két hydro noi phan tir lam 6n dinh phuc chelate M(HL)2 trong dung
dich. Su 6n dinh wu thé cia M(HL), dam bao hau nhu sy tao thanh phitc M(HL), hoan
toan, dap tmg duoc vu thé dang ké cho tng dung lam thudc thtr phan tich. D6 hoa tan
va cac chét hoa tan phtic chelate kim loai trong cac dung moi khac nhau duoc téng két
trong bang 9.19

Vi phue chelate véi Ni, PA(IT) va Pt(IT) c6 thé chiét vao dung méi hitu co khong
tron 1an, ching ¢ thé duoc tach riéng timg nguyén t6 khac nhau bang dung m6i chiét
va c6 thé xac dinh bang phuong phap do quang. Dung mo61 thong dung nhat dung cho
viéc tach chiét 1a CHCls, va hang s6 phan ly cua phiic chelate dimethylglyoxime giita
hé dung méi1 CHCI;—H,O duogc tinh log Kp = -9,93 [Cu(HL),]; 1,85 [Pd(HL),] va 2,60
[Ni(HL)].

Phtc chelate cua Ni va Pd(II) c6 mau vang trong CHCl; va c6 thé xac dinh chung
bang phuong phap quang phd, tuy nhién kha ning hip thu phan tir cua phic Ni-
dimethylglyoxime trong CHCI; khong cao nén it c6 y nghia quan trong trong viéc phan
tich ham luong vét trong thuc té.
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Mot phuong phap khac nhay hon dé xac dinh Ni voi (1) dua trén su tao thanh
chelate nau hay do trong kiém yéu, c6 sy hién dién cua tac nhan oxy hoa nhu bromine
hay persulfate. Két qua thu duoc 1a phuc chelate Ni(IV) [(NiLs)*] va c6 thé chiét nhu
mot cdp ion véi diphenylguanidine. Dya theo Zolotov, cau tric ciia chelate khong phu
thudc vao tac nhan oxy hoda trong ty nhién, nhung phu thudc vao moi truong. Mot phirc
trung tinh kém bén s& duoc tao thanh trong dung dich ammoniac, va mot chelate anion
bén s& dugc tao thanh trong dung dich NaOH hay KOH.

o—Dioximme c6 thé tao nén phirc chelate ciu trac tir dién N, ion kim loai ¢6 vi tri
phéi tri trén truc z c6 thé tao lién két duoc voi nhidu phdi tir, nhu Co(1I), (I1I), Cu(Il)
va Fe(II), co thé tao lién két voi cac anion (OH', CI', Br, I'va CN") hodc nhitng phan tir
khong mang dién (NHs, piridine, ...) dé tao thanh hdn hop cac phdi tir ciia phiic
chelate [M(HL).]X hodc [M(HL)ZXz] Phirc dimetylglyoxime cua Ni, Pd va Pt khong
tao lién két cong ghép hodc co lién két rat yéu. Vi du khi Co(II) cho phan tng v&i KI &
moi truong pH = 4, r61 phan tmg véi (1) & mai truong pH = 6 phuc tao thanh c6 mau
do nau [CO(HL)ZIQ]Z' (Amax = 435; £ = 1,06.10%). Phan g nay c6 tinh chon loc cao cho
Co.

9.3.6. Ung dung trong phén tich:
9.3.6.1. Dung nhu thubc thir dinh tinh:

Dimethylglyoxime (1) tao thanh két tia mau hodc phirc mau véi mot sé ion kim
loai nho vay ma ching ta cé thé st dung cho qua trinh x4c dinh nhitng ion kim loai.
bicu nay duogc tong két ¢ bang 9.21

Bang 9.21: XAC PINH NHUNG KIM LOAI VOI DIMETHYLGLYOXIME (1)

Ton 2 n , -
kim | Didukien | Chuyen | Congthic | oty o pht hién Gi6i han
loai mau cua phuc pha loang
Bi NH, Mau _ 14 pg/ml 1:7.0.10°
vang ppt
Fe(Il) | NH; D‘i’alg"a M(HL), 0,411¢/0,05ml 1:1,25.10°
02N A 4 2 1S
Fe(III) NaOH Nau do, M(HL), — 1:3.10
Ni NH; Do ppt M(HL), 0,16pg/0,05ml
pH=2 (HCI
Pd(II) hoac Vang M(HL), -
H,SO.)
Acid, sau Phtrc Pd and Pt tan trong
Pt(1I) khi khtr ppt H(HL). | NaOH,nhung Pt cao mau
Pt(IV) do tia
Tc SnCl,-HCI |  Xanh 0,04 ug/100 ml
NH; c6 méit ) s
V(V) Fe(Il) 0.04 pg/100 ml 1:5.10

9.3.6.2. Dung nhu tac nhan tach chiét nhiing ion kim loai:

Nhu dugc moé ta & trudc phuc chelate cia a—dioxime véi Ni, Pd(I), Pt(IT) khong
tan trong nudc va mot vai kim loai khac va chiét co thé chiét ra bang dung moi hitru co
ching ta c6 thé tach nhiing ion kim loai tir hon hgp nhiéu kim loai bang phan ing két
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tia hodc hodc chiét bang dung moi Ni trong pha hitu co c6 thé chiét bang dung dich
HCl loang.

Dimethylglyoxime (1) hodc cyclohexanedionedioxim (3) 14 phan tGng két tia dic
trung cua Ni trong moi truong NH; c6 mét cua tatrat 1am chat che khi c6 mat cua cac
ion Co(II), Mn(II) hodc Zn. Tuy nhién phan ung két tua dugc thuc hién & moi truong
pH =35.

Thong thuong khi thém alcohol vao trong dimethylglyoxime khi dun dung dich
néng sé lam cho Ni va phuc chelate tao thanh két tia. Tuy nhién khi ¢ diéu kién dung
dich nong hon 50% lugng tda Ni va phuc chelate bi hoa tan trong ruou, dg tan s¢€
khong dang ké khi tang d6 rugu nho hon 30%. Do d6 trong khi st dung ruou véi thude
thir dimethylglyoxime khi thém thé tich ruou vao khong vugt qua mot nira thé tich cua
dung dich Ni. Trong qua trinh phai kim ham nhi¢t d6 s6i cua ruou trong dung dich
tranh dung dich ban ra ngoai vi khi ban ra ngoai lam hao hut ham luong lam sai s
trong phan tich trong lugng. Trong phirc chelate cua cylohexanedioroxime (3). Thudc
thir nay tan trong nudc, vi vy tranh ruou thoét ra ngoai, dy la thudc thir ¢ thé ding
trong phén tich trong lugng d6i véi Bi. Két tiia ndé & méi trudng pH = 12, su cd mit
ciia EDTA. Bi c6 thé dinh luong bang cach két tia tach ra khoi hén hop dung dich
chtra hon 30 nguyén t6 bao gdm Ni va Pd.

_ * Pd(Il) phirc chelate cua (1) hodc (3) cling c6 thé dinh lugng két tia trong khoang
bang dung dich acid (HCI hodc H,SO,) trong di€u kién nay nhiing ion kim loai khac
khong két taa.

9.3.7. Dung nhu thudc thir do quang:

Nhu thao luan trude day chiét quang cta Ni va Pd (2) hau nhu rat nhay va phuong
phap tac dung véi thude thir (2) don gian. Sy hap thu cua phuong phap do quang cua
Ni trong dung dich kiém véi sy c6 mit ciia chat oxi hoa ciing co the chap nhan du
hiéu x4c dinh. Trong phuong phap nay cuong do hdp thu phu thudc rit nhidu vao diéu
kién cua phan tng. Vay moi truong chung (NaOH hodc NHs) c6 tdc nhan oxy hoa sau
mot thoi gian phan (mg tao ra mau day la dicu kién dung dé nhan biét phan (mg. Chi
tiét ctia tmg phuong phap khic nhau duoc xem ki & chuwong khéac tng dung ctia thude
thr voi phuong phap do quang ctia kim loai dugc miéu ta bang 9.20.

9.3.8. Dung trong diéu kién khéc:

Nhimng thudc thir cé thé dung lam dung dich chuan trong chuan do két tiia ctia Ni
bang ampe ké.

Xac dinh Co®" véi thube thir Dymetlyglyoxime chuin bang dién cot thuy ngan va
xtic tic H, c6 bude song xac dinh dung dé xac dinh Co** ¢6 d6 nhay tir (5 — 20 ppm).

_ Phurc chelate Ni (1) va (3) co thé tim thdy & pha tinh trong sic ky 1ong ctia mach
gom céc hydro carbon khac nhau.

9.3.9. Cac monoxime:

Phdi tir hai nhanh nam trong nhom oxime dugc dua vao 2 vi tri cua pyridine, co
tac dung nhu thudc thir sat cho Fe(Il), va nhiing thudc thir nhu vy da duoc noi dén
trong phan thudc thir Ferroin (phan IX).

Mot loai phdi tr hai nhanh khac c6 mot nhom oxime, ké ca salicylaldoxime (5)
(H.L, nhiét d6 nong chay 50 — 59°C pK = 9,18; 25°C) va benzoin monoxime (6) (H-L,
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nhiét d6 nong chay 153 — 155°C pKa = 12, 50% dioxane, 25°C), nguoi ta con goi loai
phdi tir nay 1a Cupron. Ca 2 thuoc thir déu tao thanh dang phirc chelate M(HL), trung
hoa dién v6i Cu(Il), va véi mot sé ion kim loai hoa tri 2, chung co thé duogc chiét vao
cac dung méi hiru co khong tron 1an. Vi vay chung rat c6 ich trong viéc phéan tach cac
kim loai.

(s) (6)

Gan day, nhiéu dang o—monoxime dan xuat tir acetophenone, acenaphthenequione,
., da dugc nghién curu dé lam thudc thir phan tich.

VII1.4.PORPHYRIN
Porphyrin 14 tén goi cia hop chét c6 vong porphin. Cong thirc ciu tao:

R R

H,L

La thudc thtr co do nhay cao dung dé xac dinh Cd, Co, Cu (1), Fe(II), Hg (II), Mg,
Mn (II), Ni, Pb, Pd (II), Zn va vai kim loai khac.

Nhitng thudc thir & dang nay :
a,B,y,0-Tetraphenylporphin.
a,3,y,0-Tetraphenylporphin tetrasulfonic acid.
a,B,y,0-Tetraphenylporphin trisulfonic acid.
a,B,y,0-Tetra (3—N-methylpyridyl)porphin.
a,B,y,0-Tetra (4—N—methylpyridyl)porphin.
a,B,y,0-Tetrakis (5—sulfothienyl)porphin.
a,B,y,0-Tetrakis (4—N—trymethylaminophenyl)porphin, tetra (p—toluene—sulfonate).
O dang thuong pham c6 thé dung duoc.

1. Phuong phap tong hop va tinh chat ciia thude thu:

1.1 a,B,y,0-Tetraphenylporphin (TPP):
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C6ng thl’I'C phén tu: C44H3()N4
Cong thirc viét tach ra: H,L

Cong thirc cdu tao: voi R 1a

O

Khdi lugng phan ti: 614,75.

Tinh chét:

Dang tinh thé hinh kim.

Diém néng chay: 300°C.

Thing hoa & 232°C dén 262°C (2.10 Torr).

Bén trong khong khi, khong tan trong nudc va con. D& tan trong benzene,
chloroform, DMF va THF. C6 thé tan trong nudc (5.10° M) néu c6 mat ciia mdt chat
hoat dong bé mat nhu natri lauryl sulfate (khoang 5%).

Hap thu t6t & bude séng 438 nm (pH < 3,7) hodc budce song 418 nm (pH < 4,5).
b. Phuong phap tong hop:

Diéu ché bang cach chung cat hoi luu hdn hop cua pyrole va benzaldehyde ( ti 18
mol bang nhau) trong acid propionic.

1.2 Thudc thi a,B,y,0-Tetraphenylporphin tetrasulfonic acid (TPPS,) va a,B,y,5—
Tetraphenylporphin trisulfonic acid (TPPS;):

TPPS,:
Cﬁng thﬁ'C phél’l tﬁ: C44H42Ngs4012. 12H20
Cong thirc viét tach ra: (H,L)(NH,), .12H,0

Cong thirc cdu tao: voi R 1a

SO;H

Khéi lwong phan ti: 1221,30.

TPPS;:

Cong thure phan tir: CasH30N4S;300.4H,0
Cong thirc viét tach ra: (H,L)H;.4H,0

Cong thirc cdu tao: voi
SO;H

IR 3R
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Khéi lugng phan tir: 926,98.
Tinh chét:
Tinh thé mau xanh da troi, d& tan trong nudc.

Dung dich tinh khiét c6 mau do tim & pH = 6 va mau xanh 14 & pH = 4.

!
= i
2 " \
* ! V43
w { ]
I \
/
500. 600 700
Pho hap thu cua TPPS;:

Quang pho hap thu ciia TPPS trong dung dich nudc.

Trong moi truong acid, phd dic trung cua dung dich tinh khiét TPPS, khong xuat
hién.
b. Phuong phap téng hop:

‘bi tr TPP: dun nong TPP trong mdi truong H.SOs déc. TPPS, va TPPS; la san
pham cua sy thé goc SO;H— vao H', tiy theo nhiét do ma ta thu dugc san pham la
TPPS, hay TPPS;.

Pasternack va nhiing nguoi khac thu dugc TPPS; nhu; la mét acid tu dq, con Ishji
va nhirng nguo1 khac tach ra dugc TPPS, nhu 1a mdt mudi amoni. Ca hai déu 1a thudc

thir phan tich.
1.3 Thubc thtr a,B,y,8-Tetra(3-N—methylpyridyl)porphin [T(3-Mpy)P] va o,B,y,5—
Tetra (4—N— methylpyridyl)porphin [T(4-Mpy):

T(3-Mpy)P:

Cong thure phan tir: C,HesNsO12S4

Cong thirc viét tach ra: (H,L)(CH;CsHs~SOs),

Cong thirc cdu tao: voi R 1a

Khéi lugng phén ti: 1363,70.
T(4-Mpy)P
Cf)l’lg thure phéﬂ tu: C44H33N3016C14
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Cong thirc viét tach ra: (H,L)(ClO,),

Cong thirc cdu tao: voi R 1a

Khéi lugng phan tir: 1076,64.
Tinh chét:
La tinh thé mau tim, tan chdm trong nudc. T(3-MPy) P tan nhiéu hon T(3-MPy)P.

Dung dich tinh khié"g cua T(3—-MPy)P c6 mau do¢ tia nhat & pH > 2 va xanh 14 & pH
< 1. dung dich tinh khiét cia T(4-MPy)P c6 mau do tia nhat & pH = 4 ~ 7 va xanh 14
trong HCI 1M.

Trong moi trudng kiém dung dich tinh khiét T(4-MPy)P c6 khuynh huéng bam
chat vao bé mat cua binh thuy tinh.

Pho hap thu T(3-MPy)P

Absorbance

=
b
i

"\

500 fDO ?OO

Quang phd hip thy cua T(4-MPy)P trong dung dich nudc. Thude thir c6 nong do
2,7.10°

Pho hap thu T(4-MPy)P :
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Relative Absorbance

1 1 J
400 500 600 700
Wavelength - (nm)

Quang pho hép thu ciia T(4-MPy)P trong dung dich nuéc, thudc thir c6 néng do 2,3.
10°

Phuong phép tong hop:

Diéu ché bang cach chung cat hdi lwu hdn hop cia pyrole va pyridylaldehyde (ti 1¢

mol bang nhau) trong acid propionic. Tiép theo 13 sy thé bon bac véi methyl iodide
hodc tosylmethylate.

1.4 Thudc thir o,B,y,0-Tetrakis (5—sulfothienyl) porphin [T(5-Mpy)P] va o.B,y,0-
Tetrakis(4—N—trymethylaminophenyl) porphin, tetra(p—toluene—sulfonate) (TTMAPP):
T(5—Mpy)P:
Cong thure phan tir: C36H22N4012Ss
Cong thirc viét tach ra: (H,L)H,

HO3Sﬂ—

S

Cong thirc cdu tao: voi R 1a

Khéi luong phan ti: 959,12.
TTMAPP:

Cong thirc phan tir: CssHooNsO12S4
Cong thirc viét tach ra: (H,L)(tosyl)s

Cong thirc cdu tao: voi R 1a

(CH3)3N;@7
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Khéi lugng phan tir: 959,12.
Tinh chét:
T(5-MPy) 1a tinh thé mau xanh 14, TTMAPP 13 tinh thé mau tim dim.
Ca hai déu dé tan trong nudc.
b. Phuong phap téng hop:

Diéu ché bang phuong phap chung cat hdi lwu hdn hop cua pyrole va thiophene—2—
aldehyde hodc p—dimethylaminobenzaldehyde (ti 1€ mol nhu nhau) trong acid
propionic.

Thuc hién qua trinh sulfonate ta dugc T(5-MPy)P, tién hanh thé bac bén voi
tosylmethylate thu dugc TTMAPP.

PHO HAP THU VA HANG SO PHAN LY CUA CAC THUOC THU PORPHYRIN

Phé hip thu Hang lso phan | 5.3 kien
Thubc thir A € €
e Amax Ka Ka
(m) | (x109 (m) | gsy | PR | PRe
H,L H,L,"
TTP 438 a0 | 418
TPPS, 413 | 476 | 434 | 500 %8 | p=0,1;25°C
TPPS, 486 | 4,95 25°C
TG-MPy)P | 417 | 2,80 | 434 | 3,80 23 | M7 %lgo“
T@-MPy)P | 423 | 2,60 | 444 | 324 | 080 | 2,06
TG-STP | 427 | 3,07 | 456 | 329 | 549 | 6,05
TTMAPP | 411 | 493 | 423 | 514 | 365 | 381 NO;'SQéM;

2. Phan tng tao phuc va tinh chit cta phuc cht:

Thudc thir porphyrin tao phirc bén chelate dang 1:1 vé6i cac ion kim loai khac nhau.
Tinh bén cua phtrc do61 véi ion kim loai héa tri 2: Pt > Pd > Ni > Co > Cu > Fe > Zn >
Mn > Mg > Cd > Sn > Hg > Pb > Ba, khong ké dén su thay thé vao vong porphin.

Céu triic Cu (II) chelate ctia TPPS.:
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0,8 SO5y

0,5 SOy

Tbc dd tao phuc hoi cham, nhat 13 khi ham lugng ion kim loai thép. Tuy nhién tbe
d6 co thé tang 1én néu co6 thém tac nhan xdc tac. Vi du: tbe d6 tao phuc ciia Cu(Il) voi
T(4-MPy)P va TPPS; s& nhanh hon néu c6 mit L—cysteine hodc acid L—ascorbic. Toc
do tao phic TPPS,~Cu(Il) hodac—Zn(II) tdng trong imidazole (CsHsN>) hodc bipyridine
va T(4-MPy)P-Mg(II) tang trong 8—quinolinol.

Téc nhan phirc dic trung cho mdi hé nhung k¥ thuat thi khong dugc gidi thich rd
rang.

Phd hip thu cua thude thir du thudng xen phu 1én chelate kim loai, ta can loai bo
anh huong cua thudce thur du.

2+ b
Sy thay | LP =~ > P
(Cu”, P d2+) H.P = PboP
HP- — p PUPMPy
2 | TaophtcvéiPb® | =~~~ Y A

(Zn*, Co®™,Mn*",...) e

NP H P2
Su dua vao M
3| su thaythé [~~~ > '

(Zn™)
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> Su phan ly cua
porphyrin hodc
phtrc kim loai
M:P M:P MsP

5| mpc | —-mmm oo »AJ\J\

(Cu*, Pd*, Zn™,
Co*", Mn*

4 | Tiasang | — = ————-—~—

Phuong phap dau tién tin dung su thay doi pho cua thube thir tw do nho sy acid
hoa. Porphyrin kim loai bén nhu Cu(II)L hodc PA(IT)L thi khong dé bi phan 1i boi sy
acid hoa va hdp thu manh trong khoang ma ¢ d6 thudc thir nhan proton (H,L>) thi
khéng hép thu.

Pay 1a nén tang cho viéc xac dinh nguyén td bang phuong phap do quang c6 do
nhay cao (ppb).
Thir hai 13 tn dung sy thay d6i phd cta thude thir ty do boi su tao chelate véi Pb.

Kim loai porphyrin nhu CdL, Mn(II)L, hodc ZnL ¢6 khuynh hudng phén ly do sy acid
héa. Thubc thir du tao phirc v6i Pb(II) 12 nguyén nhan cho su thay ddi pho.

Sy tan dung thir ba 12 sy mé dau cua viéc thé nhom phu hop vao porphyrin gbe,
nhu T(5-ST)P ta thu duoc mot thudc thor méi ma diy hap thu khong xen phu vao
porphyrin kim loai.

Thi tu 13 sy quang phan cta thude thir tu do hodc kim loai porphyrin. VD : thudc
thtr du T(3-MPy)P hoac T(4-MPy)P c6 thé quang phan bdi tia sang dudi anh den
huynh quang trong acid ascorbic trong 30 phuat. Cd—TPPS, bi quang phan dudi dén
huynh quang, trong khi M—TPPS, con lai thi khong phan huy.

Dung HPLC thi hi¢u qua trong viéc phén tich nhiéu nguyén tb trong mau thir (xac
dinh Cu(Il), Pd(II), Zn) bang thuoc thi T(4-MPy)P).

3. Str dung phan tich:
Ton kim loai c6 thé xac dinh duoc bang thudc thir porphyrin thi c6 giéi han.

XAC PINH KIM LOAI BANG PHUONG PHAP TRAC QUANG VOI THUOC THU

PORPHYRIN
Kim loai Pham
£ Ion chelate Vi
Thuoc . 1 ea , \ )
, kim bicu kién xac Tro ngai
thur : € )
loai Amnax (x10°) dinh
X
(ppb)
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TPP

/n

Acid acetic bang
(nhiét 46 phong, 60
[170 phut)

551

0,14

[1200

Cu c6 ndng do 16n
hon.

Cu(Il)

Hoa tan bang Na—
laurylsulfate, tao
phtc 6 pH 4,7 +

NH,OH (100°C, 3

phut), ha pH 0,6 [

1,2 V(')’l HzSO4

414

4,7

L1140

Ag, Hg, Zn> 10pg,
Pd>5ug

TPPS,

Cd

Pyridin hoac
imidazole, pH 9,0
(nhiét 46 phong, 10
phtt)

432

4,3

Pd(II)

Tao phtrc 6 pH =
3,6 (100°C, 15
phut) ha pH = 2,5
vo1 acid
chloroacetic

410

2,2

[1360

Cu(Il), Zn gay can
trd. duogc che bang
acid tartaric.

Pd(II)

Tao phuc 6 pH =3
(100°C, 15 phut)
acid hoa bang
H,S0s, chiét voi
Capriquat/benzene.

419

2,98

Zn gay can tro

/n

Tao phtic 6 pH =
8,3 —11, v&i su co
mat cua Cd va
bipyridin (nhiét do
phong, 5 phut).

Aem
641

Aex
422

Sau khi chiét voi
dithizone
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pH = 12,5 (NaOH),

Sau khi tach Cd,

Cd 2,2’-bipyridine (5 | 432 | 4,45 | J100 2.
: Cdl,
phut)
Tao phtrc 6 pH =3,
acid L — ascorbic
Cd | (100°C, 8 phut) ha | 411,6 | 2,15 | 0250 Cu(II) va Hg(II)
pH = 2,5 véi acid
chloroacetic
Tao phtrc 6 pH =4
(100°C, 15 phut) ha 6
Coll) | H=25veiacid | P | *® | 6o Zn
chloroacetic
TPPS, cutn | PH=40000C, T [ Aaw | s Giam huynh quang
phut) 657 | 434 do HyL,"
Fe pH=3,9 14,2 395 14 20 O | Cu(II),Co(II),Mn(1I),
(ID) (100°C, 15 pht) ’ 180 | Pd(I), Sn(Il) va Zn
pH=10,2 (borate), 500 |  Cr(II), In(IID),
Pb KCI\;l(ql(t)) <5 4641 275 500 Mn(1I), va Sn(II).
Tao phtic &6 pH =
4,0+ acid L — Fe(III) va Pd(IT) che
Pd(ID) ascorbic (100°C, 7 41l 2,2 a bang NH,OH + KI
phut) ha pH = 2,5
Tao phttc 6 pH =16
(100°C, 7 phut 10 | Co(Il), In, Pd(IT) va
Cu(ID) acid hoa ll))ﬁng) 434 3.5 13 W V(V) v
H,SO, (2 3 N)
Tao phuc 6 pH =3
T —6(100°C, 7-10
(3' . . . N
MPy)P phut) acid hoa bang Pd(II) gay can tro
H.80.. Phan (mg dugc che bang KI
: 1cas an : g Kl
Cu(Il) xa}f rad Phls,t do 419 2,1 — hodc sau khi chiét
phong néu c6 sy v6i Chelex 1000
hién dién cua
hydroxylamine
hodac acid ascorbic.
Tao phtrc ¢ pH >
4,5 (nhi¢t do s D
Cu(Il) phong), 446 | 246 |O190| SN gh;“h bang
NH,OH.HCI 0,02% ithizone
T(4- hodc acid ascorbic. .
MPy)P H=9,2-10,8 Sau khi chiét ban
| zn (100°C. 1y | B7| 23 | - dithizone
pH=9,1-10,6 + A A Po quang ¢ 2 budc
Mg 8—quinolinol 6;‘“11 4:‘2 — song : 428nm (ZnL)
(100°C, 60 phnt) va 456nm (HsL,")
T(5- Zn pH=5,0-11,0 00 Sn, I', C104
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MPy)P (100°C, 15 phut) 120

pH=41-59+ | .\ | o | 0O

Cu(II) acid L—ascorbic 100

PH=13 (100°C,2 | ;5 5.9 . Co, Zn

Cd phiit)

Tao phtrc 6 pH =
4,5, acid L -
TTMAPP | Pd(II) | ascorbic (nhiétdd | 432 | 4.9 - Fe(III), Pt(I1), V(V)
phong, 2 phut) acid
hoa bang H,SO,

pH =5 (acetate) +
/n ferron (nhiét d6 421 5,1
phong, 5 phut)

0 0 | Co, Fe. Sau khi chiét
80 tach ion ZnCl,>

Nhiing ion gy anh huong duoc che bang nhimg tac nhan thich hop hodc su phan
tach so bo. Dan xuat 4—carboxyphenyl dugc kiém tra nhanh nhu mét thude thir cho Cd
va Cu(Il) va dan xuit n-sulfoethylpyridinium 1& mot dang khac cta thubc thu
porphyrin hoa tan trong nudc ma khong két hop trong méi truong acid, ciing khong
hap thu vao bé mit thily tinh trong méi truong kiém.

Bén canh nhiing Gmg dung nay, TPPS4 thi bi phén ly boi KBrOs; voi sy ¢6 mit cua
Ru(II) ¢ dang vét, c6 thé xac dinh Rb ¢ ndéng do rat thip (107'° M). C6 thé xac dinh
cac kim loai dya vao su xuét hién huynh quang trong phtrc ctia thudc thir porphyrin
(Mg va Zn) hodc su tat huynh quang bai nhitng kim loai (Co(II), Cu(II), Pb, va Pd(II)).

VIIL5.DIAMINOBENZIDINE VA NHUNG THUOC THU TUONG TU

NH,
i 3w LL,

(1) () X=H
() X=CI

NH
NH,
1.Danh phép

Nhitng o—diamine thom bao gdm trong phan niy dugc liét ké trong bang IX.4.1,
chung v&i nhitng danh phap cta ching.

Bang 1X.4.1: NHUNG o-DIAMINE THOM

Thudc . . Cong thtrc phan tr va
thir Diamine Danh phép khéi lrong mol
. . 3’3 B .. . 3’3 ’4’4 B . C12H14N4.HC1.2H20;
(1) Diaminobenzidine, Biphenyltetramine, 396.14
tetrahydrochloride tetrahydrochloride, DAB ’
(2) 2,3— DAN CloHloNz; 158,20
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Diaminonaphthalene
(3) | 1,2-Phenylenediamine o—phenylenediamin CeHsN»; 108,14
5—Chloro-1,2 .
“) Phenylenediamine CeH7NCl; 142,59
5-Nitro—1,2— .
(5) Phenylenediamine CeH/N3O2; 153,14

2 Ngudn gbc va phuong phap tong hop

Tat ca ching déu cé gia tri thuong mai. Chung dugc tao ra bang cach khir nhimg
hop chat nitro lién két:

(1) tir 3,3’—dinitrobenzidine, (2) tur 2,3—dinitronaphthalene, (3) tir o—nitroaniline va
(4) tr 4—chloro—2—nitroaniline véi Sn/HCI. (5) tao ra béi sy khir 2,4—dinitroaniline véi
(NH4),SO,

3. Nhitng trmg dung phan tich

Nhitng thudc thur nay c6 do chon loc cao cho Se. (1) va (2) dugc sir dung nhu la
nhing thubc thir trac quang trong ving kha kién va ving UV, tuong ung. (2) dugc st
dung trong phuong phap huynh quang. (4) va (5) ding cho tric quang va séc ky khi.

4. Nhing tinh chat cta thudc thir

- 3,3’~Diaminobenzidine (1): thudng dwgce cung cdp nhu tetrahydrochloride — dang
bot tinh thé, khong mau, to nong chay 328 — 330°C (c6 su phan huy). Hoa den ngoai
anh sang, do d6 can duoc giit ¢ noi lanh, t6i dudi khi nitrogen. D& tan trong nudc
nhung khong tan trong nhitng dung méi hiru co khong phan cuc.

- 2,3-Diaminonaphthalene (2): ¢ trang thai tinh khiét — dang bot tinh thé, khong
mau, nhung nhimg mau ( san pham ) thuong mai thudng c6 mau vang hoidc xam nau vi
su oxi hoa cua khong khi, to nong chay 190 — 191°C va hau hét khong tan trong nudc
lanh, c6n nhung s€ tan kha & to > 50°C. Pugc bdo quan ¢ noi lanh va toi.

- 0—Phenylenediamin (3): dang bt tinh the, khong mau, dé hoa den trong khong khi, to
nong chay 101 — 103°C va dé tan trong nudc, con. Thude thir nay nén duoc bao quan ¢
noi lanh, t6i; pKa,(H,L*") = 0,86; pKa,(HL") = 4,75.

- 5—Chlorophenylenediamine (4): dang bot tinh thé, khong mau, kho bi oxi hoa ngoai
khong khi hon (1) va (3), to nong chay 72 — 74°C. D¢ tan trong nudc va ¢ dang dung
dich thi thudc thir nay cling bén; pKa,(H,L*") = -0,11; pKa,(HL") = 4,16.

- 5-Nitrophenylenediamine (5): dang bot tinh thé mau vang sang, kha bén trong
khong khi, to nong chay198 — 200°C. D¢ tan trong nudc; pKa(HL") = 3,07.

5. Phan tng tao phirc va tinh chét cua phirc
+ Phan tng v6i ion kim loai

- Nhitng o—diamin thom giéng nhu phéi tir 2 nhanh & vi tri n,n (chelate c6 2 nhom
c6 kha nang lién két v6i ion kim loai) dé hinh thanh phitrc mau véi nhiéu ion kim loai.
VD: thude thir (3) tac dung véi Pt(II) tao thanh phirc chelate loai ML2 (Ama= 703nm, €
=9,8.10%) & mdi trudng trung tinh; thude thir (1) tac dung véi V trong moi trudong pH =
2 — 3 tao ra phtrc chelate loai ML (Amax = 470nm; € = 3310). Tuy nhién, chiing 1a nhiing

202




thudc thir khong cé nhiéu (mg dung thuc té quan trong giéng nhu nhitng thudc thir tao
mau doi1 véi nhiéu ion kim loai.
+ Phan g voi1 Se(1V)

- Pau tién tim thy thudc thir (1) tic dung v6i Se(IV) trong méi trudng acid tao
phirc ¢6 mau vang goi 1a “piaselenol”, n6 ¢ thé duoc chiét véi dung moéi hitu co & pH
= 6 — 7 nhu la: benzene, toluene, chloroform, butanol, ethylacetate. Phan ing nay co
thé duoc viét:

H,N NH, H,N

N
/ \/Se
H;N* O O NH;" +H,SeO;—> H3N* O N +2H,0 + H30"

- Két qua 14 piaselenol sinh ra mau vang va co thé dugc xac dinh bang trac quang &
vung kha bién, diéu nay ching minh & hinh 1. Sau nay nhiéu o—diamine thom khéc
dugc tim thay dé hinh thanh piaselenol va nhimng thude thir (2), (5) 12 nhitng thudc thir
chon loc ddi vai Se(IV). Nguoc lai véi piaselenol cua (1) thi do hép thu cuc dai cua
piaselenol cua (3) ndm ¢ ving tir ngoai (UV). Trong trudng hop cia piaselenol cia (2)
thi 6 hap thu huynh quang & budc séng dai hon so voi & dang ty do cta thude thir (2)
diéu nay duoc chimg minh & hinh 2 va hinh 2 nay c6 thé dua ra viéc xac dinh Se(IV)
bang huynh quang véi do nhay cao. Nhitng dic diém phd hép thu va phd huynh quang
ctia piaselenol dugc tong quat & bang 1X.4.2 va IX.4.3.

- Piaselenol tir (3) — (5) dé& bay hoi vi vay no c6 thé dugc phan tich bang sic ky
khi. Ham luong siéu vét cua paselenol cia (4) va (5) c6 thé dugc phat hién bang
detector ECD.

[T P —.

Hinh 1: Phé hip thu cua
3’-diaminobenzidine va piaselenol trong
toluene: (1) 25pg Se trong 10ml toluene; (2)
Sug  Se trong 10ml  toluene; (3)
3,3’-Diaminobenzidine (1) trong toluene;
n6ng dd thude thi, 0,5% trong nudc.

Budc song nm
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Cuong do

Intensit

I

L
300

Il
400

500

Budc song nm

Hinh 2: phd huynh quang cta 2.3 —
diaminonaphthalene va piaselenlol
cua no. (1) 2,3—diaminonaphthalene
(kex = 336nm); (2) Piaselenol (Xex, =
377nm)

600

Bang IX.4.2: PAC PIEM PHO HAP THU CUA PISELENOL TRONG TOLUENE

Gioi
, . D han
Thuoc biéu Anax € Xac : \
thir | kién | (nm) | (x10%) (1;{ dinh Anh huong
(ppm
Se)
phéan
0 pg“:g g B 3351 0,78 5o Ce(1V).Cu(l) Fe(l1l),
3:50°C; | 420 | 1,19 V(V),S0,~, CrO4 va MnO,
50phut
pH=1,7 . L 1A
) 380 | 1,18 Cu(Il),Te(IV),NO5", NO,, chat oxy
2 | =22 | 376 | 41y ~4 hoa
120 phat :
pH=1- Bi(I1I),Re(11T),Mo(IV),Sb(III)
(3) |25120| 335 | 1,78 | 154 | ~2.,5 ’ ’ ’ ’
, Sn(IV)
phut
PH< |20 | 154 Fe(I11),Mo(VI), Sn(IV),V(V)
4 | 239 | 3400 | (4lo0) [ 2580 | ~25 | nhung Fe(lll) v a Mo(V1) co thé
phut ’ duoc bao vé voi EDTA
pH <2;
() | 50 page | 350 | 155 | 367

a: Gia tri cho chiét mot lan

b: Gia trj cho chiét ba lan

c: Gia tri trong ngodc don cho piaselenol da co lap

Bang IX.4.3: DAC PIEM PHO HUYNH QUANG CUA PIASELENOL

Thudc thi

Aex (NM)

Aem (NM)

Dung moi

G161 han x4c dinh (ppm Se)

(1)

420

550 —

Toluene

0,02 0,4
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600
(2) 377 520 Cyclohexane 0,001 — 0,1
3) 400 448 Cyclohexane 0,01 -0,1

6. Nhitng ing dung trong phan tich

- Ung dung thyc tién cua nhitng thude thir nay chi dé xac dinh Se(IV). Vi & sb oxi
hoa khac thi Selen khong phan g véi nhitng thudc thir nay, Selen trong mau phai bi
khir hodc oxi hoa vé Se(IV). Mot trong nhitng cach thuan loi dé oxi hoa Se* va So 1a
st dung dung dich dém oxi hoa khir (Br/Br) sau khi pha mau uét. Su khir Se(VI) —
Se(IV) ta dung Ti(III).

- Thudc thir (1) duge dé nghi cho phuong phap tric quang trong ving thay duoc. O
diéu kién phu hop, thudc thir (1) phan tng véi Se(IV) & pH =2 — 3 ¢ 50°C. Nhung su
can thiét cua phuc piaselenol nay phai dugc thuc hién & pH = 6 — 7 béi anh huéng cia
su proton hod cua nhom amin ty do. Su chiét nhiéu 1an cua piaselenol voi toluene 1a
can thiét dé dat duge su tach 1 cach dinh luong (dat = 60% cho lan tach 1). Ion SO~
gay can nhiéu ddi voi viée xac dinh bai viée tao két tia voi thude thir tao ra suffate
khong tan, nhung c6 thé dugc che day bang cach thém luong du NH,CI. Nhiing cation
phd bién co thé duoc che bang EDTA, Fe(Ill) c6 thé duoc che bang F-, PO,* va Cu(Il)
c6 thé duoc che bang oxalate.

- Thubc thtr (3) ciing duoc dung nhu thudc thir tao mau v6i Se(IV) nhung trong
ving UV. Tuy nhién, luong thira thudc thir khong duoc chiét vao toluene boi vi su
chiét piaselenol dugc thuc hién ¢ pH =1 — 2. Hon thé nita thudc thir nay khong bi can
nhidu véi SO va d6 nhay cao gap 2 1an so véi (1).

- Viéc xac dinh ham lugng siéu vét cia Se co thé dat duoc bﬁng viéc su dung
phuong phap huynh quang véi thude thir (2) hodc phuong phap sic ky khi véi thube
the (3) = (5). Trong phuong phap huynh quang, diéu quan trong 13 st dung
diaminonaphthalene (2) tinh che v6i nén huynh quang thdp quan sat & A = 520nm.
Trong sic ky khi, dung dich mau (pH1) dugce xtr ly voi lugng du thudc thir (4) hodgc (5)
trong 1h. Phurc piaselenol duoc chiét véi 1ml toluene va 5ul dd dugce dua vao sic ky
khi véi diéu kién sau.

- Cot thuy tinh c6 chiéu dai 1m, c6 duong kinh 4mm, d6 day chat hap phu
chromosorb co kich ¢& ludi 60 dén 80 chira 15% SE — 30, nhiét d6 ctia cot va dau do
bat dién tu 14 200°C, téc d6 dong cua khi mang 20ml/phut He.

- Nhitng Cation phd bién,néu khong 16n qua gidi han, khéng giy anh huéng hay
nhilng phtc khong bay hoi. Cé thé xac dinh lugng nhé bang 0,15pug Se moi ml
Toluene. Phuong phap nay dugc ung dung dé xac dinh ham luong si€u vét cua Se
trong acid sulfuric, Telua kim loai, nuéc bién, nhitng mudi déng, nguyén liéu ciy trong
va sira .

5.Su tinh ché va tinh khiét ctua thude thu:

- Thudc thir (1): chat bi hu hong nhe c6 thé duge tinh ché bang cach hoa tan vao
nuée, sau d6 cho két tia véi HCl dam dic. Nhimg két tia ndy dugc lam kho trén
NaOH. That khong dé dang dé tinh ché chat di hoa den.

- Thubc thir (2) : dung dich thude thir ndy c6 nén huynh quang thip do d6 nén duoc
pha hang ngay. Hoa chét nay duoc két tinh lai trong nudc = 0,05g hoa chat (2) hoa tan
vao 50ml HCI(0,1N) & to 50°C. Sau d6 lam lanh (ngudi ) r6i dung dich nay duogc chiét
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2 lan v6i 10ml decalin (C1oHis) dé loai bo di nhimg gi khong tinh khiét va dua vao li
tam dé€ lay ra tinh thé hoa chat.

- Thudc thir (3), (4), (5): nhimg thudc thir ndy ¢6 thé dugc tinh ché lai bang su két
tinh lai tir nhitng dung moi két hop. Su tinh khi€t cia nhimg thude thir nay, ngoai trur
(1), ¢6 thé duoc udc doan bang vi¢c quan sat to nong chady cia chung.
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CHUONG IX:THUOC THU VOI CAU TRUC S
IX.1.DITHIZONE AND NHUNG THUOC THU TUONG TU

CTCT:C H NS

/N:N\ 1377127 4
Hs—C H KLPT: 256,32
N=N

1. Danh phap

Dithizone hay con goi la 1,5-diphenylthiocarbazone, n,n—diphenyl-C—
mercaptoformazane, phenylazothio—formic acid 2—phenylhydrazide.

2. Nguédn gdc va phuong phap tong hop

Puoc dung trong thwong mai. buoc tong hop bang phan ung gitra carbon disulfide
va phenyldrazine, kém theo dun néng can than dé oxy hoéa hdn hop phan tng.

3. Ung dung trong phan tich

Puoc su dung rong rai trong phu’O'ng phap chiét trac quang dé xac dinh cac kim loai
ning nhu: Cd, Cu, Hg, Pd va Zn vi co tinh chon loc va d6 nhay cao.

4. Tinh chét cua thudc thu

Dang bft tinh thé mau tim den co anh kim, diém nong chay 165°C dén 169°C,
thang hoa 0 40 dén 123°C (0,02 Torr). Thuc té khong tan trong nuoc opH nho hon 7 (5
dén 7,2.10°g/1), nhung tan hoan toan trong kiém (pH>7,>20 g/l) co mau vang cua ion
dithizoneate (HL") (Amsx = 470 nm, & = 2,2.10%) va tan trong nhiéu dung méi huu co
khac. D6 tan trong nhitng dung méi chon loc dugc liét ké trong bang X.1.1

Bang X.1.1: PHO HAP THU TRONG VUNG KHA KIEN TRONG
NHUNG DUNG MOI HUU CO CUA DITHIZONE

Dung mo1 bo ta? s (n;nn) 210 Rt 0 Mau
(g/L,20°C) Ist d Ist | 2nd peak)

Ethanol 0,3 569 4(;‘ 7?0 6? o | 164 Xa‘:ﬂé‘}“"":
tetlgt?:ﬂig?ide 0512 6o2 4o5 4?6 0?3 L70 Xanh
Dioxane 0,349 671 464 1?9 9f1 1,72 -

nudc + dioxane — 620 464 2? 4 6? 4 1,98 —
Benzene 1,24 622 435 4?3 9TO 1,80 Xanh dam
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62 | 45 3 1
Chlorobenzene 1,43 ) 2 |48 |83 1,90 Xanh
. 62 | 45 3 1
Nitrobenzene — 7 4 1.9 | 67 1,91 —
60 | 44 4 1 Xanh nudc
Chloroform 16,9 5 0 14 | 59 2,59 bidn

Mac du dithizone dugc cho la mét diacid (phan ly thiol proton va imino proton),
khong co dau hiéu cua L* o trong dung méi nuoc. Trong so cac gia tri pKa dugc bao
céo thi gia tri pKa = 4,47+0,25 la tot nhat, no duoc danh gia tu bang do tan.

Heé s6 phéan bo cua dithizone gita hai pha nuoc va pha huru co co thé duoc trinh bay
va don

gian hoa nhu duoi ddy néu trong méi truong la bazo voi [HoL].g << [HL o va [H']
<< Ka:

Pho hap thu cua dithizone (H,L) trong carbon tetrachloride, ion dithizonate (HL")
trong nuoc, va mercury dithizoneate [Hg(HL),] trong tetrachloride biéu dién trong hinh
2. Pho cua dithizone trong nhiing loai dung méi hitu co biéu dién thanh hai dai pho kha
& ma nd dugce quan hé téi hién twong hd bién thione (1) va thiol (2), mic du nhiém vu
ctia mdi pic thé hién v6i mot loai twong tmg nhung chua dut khoat.

N=N N=N
S=C — =C H
\ / N /
/N*NH H N—N
H
(1) (2)

Hinh 2:Pho hép thu cua dithizone (HL) va
Mercury(Il)dithizonate trong carbon
tetrachloride va cua ion dithizonate (HL")
trong nudc. (1) Dithizone (H L) trong CCl ;
(2) dithizonate (HL’) trong nudc; (3)
mercury(Il) dithizonate [Hg(HL)] trong

lala)|

e 1 x10%)

L
40n ann &00 700

Budc song nm

. Phan g tao phirc va tinh chat cua phirc
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Dithizone cho phdi tir SN, wu tién phan (mg véi nhing kim loai nhe. Néu du thudc
thir va trong pha nudc 1a mdét acid, cation trong pha nay phan ing vai dithizone hoa tan
trong dung moi hiru co tao mau phurc chinh phan bo trong pha hiru co.

M™ +nH,L, @& M(HL)

+nH*

lon kim loai phan u:ng v6i dithizone duge minh hoa trong hinh 3. Nhung phuc nay
tan trong cac dung méi huu nhu chloroform hoic carbon tetrachloride. Ciu truc chinh
cua dithizonate cho ion kim loai tetra—coordinate hoa tri I co thé trinh bay nhu sau (3)

3)

Néu kim loai du hoac pH cao, cac ion kim loai nhw: Cu(Il), Ag va Hg, cho phuc
phu ma cau tric cua chiung dugc cho ¢ (4) va (5) cho nhiing cation héa tri II va I,

tuong Uing
N N
/TN
N I N
N LS ¥ 14 ST N
/ X7k N\ (|3 /N
S N\ ~
\ //C\ //
(4) 5)
Jla |Ila [Ia [IVa | Va [ VIa| VIIa | - A— |[Ib |IIb | IIb |IVb | Vb | VIb | VIIb | O
AvAlll
H H He
Li | Be B C N | O F Ne
Na | Mg Al [Si |P S Cl Ar
K |Ca |Sc |Ti V |Cr [Mn [Fe |Co|Ni |Cu|[Zn |Ga | Ge |As | Se | Br Kr
Rb|Sr |Y Zr | Nb | Mo | Te Ru [Rh | Pd | Ag |Cd | In Sn |Sb | TE |I Xe
Cs |Ba [La |Hf |Ta | W |Re Os | Ir Pt | Au | HG | Tl Pb | Bi | Po | At Rn
Fr |Ra |Ac [Th |Pa |U
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Hinh 3: Kim loai dugc chiét bai dithizone va két tia dudi dang sulfide tir dung dich
nudc. Kim loai trong ving ma dugc t6 den co6 thé tach dudi dang sulfide tir dung dich
nudc va khong tao thanh phure chiét dithizone. Kim loai trong khung con lai ¢6 thé
chiét bang dithizone tr dung dich nudec.

6. Su tinh ché va d¢ tinh khiét ctia thudc thir

Dithizone rin bao quan tot trong t6i va tu lanh dé tranh khong khi oxy hoa , mau
thuong mai co do tinh khiét tu 30 dén 90%, phu thudc vao diéu kién ton tru. Thuoc thu
ran tho duoc tinh ché bang cach chiét Soxhlet voi ether dé loai cac san pham oxy hoa,
keém theo hoa tan trong chloroform néng va thém alcohol dé két tua.

Phuong phap tinh ché hiéu qua hon voi luong mau nho:

Loc dung dich dac cua mau tho trong tetrachloride bang phéu thuy tinh, sau do lac
phan loc voi dung dich ammoniac 0,8N dé chiét ion dithizonate. Chiét pha nuoc voi
carbon tetrachloride.

Cudi cung acid hoa dung dich voi acid sulfuric dé két tua dithizone tinh khiét. Lam
kh6 mau trong chén khong. Luong milligram co thé dugc tinh ché bang phuong phap
sac ky voi dung dich benzene, trong ¢t gdm co hon hop silicagel ca celite 545 hoac
sac ky giay.

Do tinh khiét cua dithzone co thé duoc xac dinh bang mét trong nhitng phuong
phép sau:

a. Phuong phap tric quang

b6 h?ip thu cﬁa‘dung dich carbon tetracNhlorigie ctia nong do Qithizone’ ducjc‘ biét ,do
quang o 620nm va ldp lai twong tw voi mau trang. DY tinh khiét duoc tinh bang cach
dua trén do hap thu cua phan tu gram cua dithizone tinh khiét (¢ = 3,4.10* 0 620nm).

b. Phuong phap thé tich

Chuan d6 dung dich chloroform ciia néng do dithizone duoc biét (0, 125 mg trong
10 ml) bang dung dich AgNO; 50.10° (25,0 ml), loai bo pha htru co sau mdi lan chlet
C}net chuén d6 cho deq khi phap chl‘e‘[ khong pon mau vang, nhung hdn hop 7c0 mau
vang xanh. D9 tinh khiét dugc tinh tu gia tri cua dung dich dithizone bi pha huy trong
chuan do.

c. Phuong phap ti s6 peak

Ti’ s6 cuong do cﬁz} hai dam phd nhé 1én c@a dithizone (A, = 602 dén 617nm, A, =
440 dén 454nm) co thé dung d€ do do tinh khiét boi vi dithizone khong tinh khiét hap
thu duoi 550nm. Mac du vi tri cua hai dam ph6 hau nhu khong thay do1 khi thay do6i
dung moi, nhung ti s6 cuong do thay d61 mot cach dang luu y. Gia tri trong chloroform
va carbon tetrachlororide nhu sau:

A605/A445(CHCIs) = 2,59
A620/A450(CCly) = 1,70
7. Ung dung trong phan tich

Thubc thu chiét:

, Pham \(i cua ion kim‘ loai dl}’gc chiét Y()”i dithizone trong dqu mdi huu co gc; thé
uvoc tinh tu K’[H,L]o va pH cua pha nuoc. Su phan 1i (tich) cua hai hodc nhi€u ion
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kim loai co thé dat dugc nhd su lva chon pH thich hgp cua pha nudc va n6ng do
dithizone trong pha hitu co. Po chon loc cho nhiéu ion kim loai c6 thé duoc cai thién
hon boi sy két hop su dung cac tac nhan trg phtrc (hoac tac nhan che). Mot vai vi du
dién hinh tom tic trong bang X.1.2.

Bang X.1.2: PO CHON LQC TRONG CHIET DITHIZONE

Pidu kién Ion kim lgai duoc
chiét
Mién kiém
Dung dich kiém chtra CN- Bi, Pb, Sn(II), TL(I)
Dung dich kiém manh chua citrate hoic tartrate Ag, Cd, Co, Cu, Ni,
Dung dich kiém nhe chtra kép (2-hydroxyethyl) Yl
Dithiocarbamate /n
Mién acid
Dung dich acid nhe chira CN- Ag, Cu, Hg(II), Pb(II)
Pha loang dung dich acid chtra Br- hoac I- Au, Cu, Pd
Pha loang dung dich acid chira CN- hodac SCN- Cu, Hg
Dung dich acid loang (pH=5) chtra S2032- CD,Pd, Sn(Il), Zn
Dung dich acid loang (pH=4-5) chtra S2032- Sn(II), ZN
Pha loang dung dich chira EDTA Ag, Hg

Thudc thu tric quang:

Chiét tric quang voi dithizone co thé duoc thuc hién bang ba cach: tric quang don
mau, trac quang hon hop mau, va trac quang ludng song.

Trac quang don mau:

Mau dung dich sau khi hi¢u chinh pH va thém cac chat bo tro can thiét, léc lién tuc
chia carbon tetrachloride hoac chloroform cua ~dung dich dithizone den khi tat ca kim
loai bat dau tach ra. Giai doan cudi cung cua qua trinh chlet mau cua dung dich
dithizone con lai la mau xanh la cay. Két hop chiét sau khi lic voi voi ammoniac loang
dé chiét phan dithizone du, dung dich thu duoc dem do trac quang. Nhiéu nguyén nhan
dan dén sai s6 trong phuong phap nay. Néu trong moi tru:0'ng ammoniac qua cao, mot
vai kim loai dithizonate co thé bi phan li, két qua phu dinh sai 50. Neu trong moi
truong khong du manh, dithizone khong chiét hoan toan, két qua co thé sai so.
Dithizone co thé duoc di chuyén d& dang trong dung dich carbon tetrachloride hon
trong dung dich chloroform. Bén canh do kha ning thay d6i phuc chinh thanh phuc
phu do su téy rira cua kiém. Vi thé, trong thuc té khong thé loai bo dithizone thira mot
cach triét dé dé khong hinh thanh vai phirc phu.

Trac quan hon hop mau:

Trong phuong phap nay, dung dich huru co chua dithizonate kim loai va dithizone
du dugc xac dinh. Khi peak thu duoc cua nhiéu dithzonate kim loai hién ra mét cach
hdn don trong mot vung noi ma duong dithizone tu do duoc hap thu thip nhit, phep
trac quang thudng xac dinh tai gia tri e, d0 haip thu dithizone du duoc dén bu bang
viéc do mau trang Sai s6 chinh trong phuong phap nay co thé do mat dithizone bi OXy
hoa trong qua trinh phan tich, nhung co thé lam giam dén gia tri nho nhat bang mau
trang, nhung dé dat dugc diéu nay thi qua trinh phan tich cting nhu trong budc chiét
phai hoan toan giong nhau gitra mau phan tich va mau trang.
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Trac quang ludng song:

Trong may quang phd ké, hai chum tia sang c6 budc song khac nhau duoc chiéu
1an luot qua tung cuvet, va su khac nhau gia tri AA gitra do hép thu duoc do tai budc
song A; va A,. Khi hai buoc song riéng bigt A, va A, duoc chon o 510nm va 663,5nm
tuong ung hon hop dithizonate thuy ngén va dithizone ti do duwoc minh hoa trong hinh
4, AA ty 18 voi nong d6 cua mercury dithizonate, vy trong phuong phap nay do hap
thu cua dithizone tu do tw d6ng duoc dén bu, tranh su dung mau tring.
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i e
v 7N
< - 2
2 4 -
.5 / /’ \\
o 3 ’
- ; A
’ \
s
’ A
i R .
7400 500 600 700

Wavelength’ inm)

‘ Budc song nm
Hinh 10.4: Pho hdp thu cua dithizone va mercury(Il) dithizonate [Hg(HL)2] trong
nuwoc. Dung dich Triton® X-100

dithizone; __ mercury(ll)dithizonate[Hg(HL)2]

8. Chuan bi dung dich thudc thu

Dithizone tan trong kiém, nhung khong bén co thé khong duoc su dung cho muc
dinh thuc té. Nhung dung dich duoc gioi thiéu nhu carbon tetrachloride hay
chloroform, nhung do tinh khlet cua nhung dung méi anh huo*ng lon dén do bén cua
dithzone trong dung dich va d¢ hdp thu trong quang pho cua dithizone. Nong d6 cua
dithizone trong dung méi chiét khoang 0,001% cho phep tric quang va 0,01% cho
chiét dung méi.

Dung dich carbon tetrachloride dugc deinh giai la 6n dinh khi che dung dich voi
10% thé tich bang acid sulfurous 0,IN va bao quan trong t61 va lanh. Trong do dung
dich chloroform su dung t6t trong viéc bao quan trong t01 hon la su dung chat khu.
Gan day, dung dich 6n dinh cua dithizoneate kim loai, vi du nhu Zn(HL),, thi duoc
gioi thigu dung cho khong chiét tric quang ludng do dai song ddi voi Vet nhung i ion
kim loai nhu: Cu(Il), Hg(II) hodc Ag. Dithizonate kim loai tan dugc voi su tro glup
cua chét co hoat tinh bé mit nonionic nhu la Triton X®-100 va dithizone la dang phuc
cua kém, trong situ, acid hoa dung dich dén pH = 1, ma Zn tu do thi khéng anh huong
dén vigc xac dinh. Khoang 5mg kém dithzonate duoc xtr Iy véi phan nho cua dung
dich Triton X®-100 20% trong cdi ma nio, thém dung madi twong tu dé duoc 100 ml.
Dung dich thu duoc sau khi loc bang mang loc (16 0,45um) thu duoc dung dich trong
sudt. Bao quan trong toi va lanh.

9.M6t s6 thude thir khac co ciu truc tuong tu
212



Nhiing dithizone thay thé

Du6i day 1a nhitng dithizone thay thé di duoc tong hop va tinh chat vat 1y cua
ching da dugc nghién ctru cho viéc st dung nhu la mgt thude thir phan tich.

2,2°— (hay o0,0-) dichlorodithizone
4,4’— (hay p,p—) dichlorodithsone
2,2°—dibromodithizone
4,4°—dibromodithizone
2,2’—diioddithizone
4,4’—diioddithizone
4,4’—diflorodithizone
2,2’—dimethyldithizone
4,4’—dimethyldithizone
4,4’—disulfodithizone

Di(o— hay p— diphenyl) thiocarbanzone
Di—a—naphthyl— (6) va di—B-napthylthiocarbazone

IX.2. THIOXIN
CTPT: CsH/NS.2H,0
KLPT: 197,25

1. Danh phép

8—Mercaptoquynoline, 8—quinolinethiol
2. Nguon gbc va phuong phap tong hop

Thioxin c6 gia tri kinh té nhu 12 H, hodc HCL. N6 duge tao ra boi sy khir cta
quinolyl-8—sunfunylcholoride véi SnCl, hodc sy phan tng ctuia diazon hdéa 8—amino
quinoline véi thioure. Ban than cila thioxin kha khong bén véi sy oxy hoa cta khong
khi. Diquinolyl-8—8 —disunfile 1& san pham oxy hoa cuia thioxin, né dugc dung nhu 13
mot chét tiéu biéu, 6n dinh va co gia tri thuong mai. Thioxin dé dang duogc diéu ché
bang khtr disulfide v6i HsPO,’.

3. Nhiing ing dung trong phan tich

Thioxin 13 mét sunfua twong tu cia 8—quinolinol (oxine) va dugc coi nhu mot phdi
tir cho S, N dé hinh thanh phuc chelate kim loai v6i nhitng ion kim loai nhe nhu 13 Ag,
As, Bi, Cd, Co, Fe, Ga, Hg, In, Ir, Mn, Mo, Ni, Os, Pb, Pd, Pt, Re, Rh, Ru, Sb, Se, Sn,
Te, Tl, V, W va Zn. Thioxine da dugc su dung nhu la: phép do trac quang, huynh
quangva 13 dung méi chiét trong phan tich cac vét ctia nhitng nguyén t6 nay.

4. Bic tinh cia thude thu
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Mic du ban than Thioxin 1a dang diu mau xanh t6i, nhung dang dihydrat 1a tinh thé
hinh kim c6 mau do ti, nong chay 58 — 59°C va nhiét do thiang hoa 1a 99 — 177°C
(2.107? Torr). N6 d& dang oxy hoa trong khong khi dé cho ra diquinolyl-8,8°—disulfide.
Disulfide c6 thé duoc tao nén boi su oxi hoa véi H,O,. Disulfide ¢ dang bot tréng,
diém néng chay 202 — 204°C va rat 6n dinh.

Hidrochloride (HL.HCI) va mubi natri (NaL. 2H,O) cua n6 la dang bot mau vang
va nén bao quan dudi nito trong béng tdi, mic du ching 6n dinh hon ca thude thir ty

do.

Thioxin tan it trong nuéc (0,67 g/L & 20°C, pH = 5,2) nhung dé dang tan trong
dung méi hitu co nhu la 1a C,HsOH (12,5g/100ml), chloroform, aceton, pyridine,
benzene, toluene. N6 1a dung dich nudc mau vang cam trong mdi truong trung hoa
nhung bién d6i mau vang tuoi trong acid hodc trong kiém. Trong pyridine, quinoline,
va nhiing dung dich khac c6 mau xanh. Trong benzene va toluene ¢ mau nau.

Hidrochloride hoic mubi natri ctia n6 dé dang hoa tan trong nudc, acid HCI chira
nudc va dung moi hiru co phan cuc, nhung né khong hoa tan trong dung moéi hiru co
khong phan cuec.

Quinolyl-8,8’—disulfide khong hoa tan trong nudc hodc dung dich kiém nhung d&
dang hoa tan trong acid.

Su phan tach acid cua Thioxin dugc miéu ta nhu sau:
H,L" 3% h' +[HL+HL]
[HL+HL [a2%a H + L

H'va H'L' chi 3 sy trung tinh (1) va dang ion ludng tinh (2) cua thudc thir.

N K N
[
= +/
N ¥
SH S H
(1) (2)

Ca hai dang ton tai nhu 1a hdn hop hd bién va hang s6 hd bién c6 thé nhu sau:
_ lon1666g tinh
Trung tinh

t

Nhitng gia tri duge quan sat trén hang s phan li acid va hang s6 hd bién trong
nuodc va dioxan duogc tong két trong bang X.2.1, véi su so sdnh ciia 8—quinolinol va 8—
quinolline selenol

Biang X.2.1: HANG SO PHAN LY ACID CUA THIOXINE TRONG NUGC VA
TRONG 50% DIOXANE HE NUGC

Lo Trong nudc Trong 50% dioxane hé nudc
Thudc thu Kt | pKa | pKa Ko, Ko
8-Quinolinol 0,04 | 5,13 9,74 3,97 11,54
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Thioxine (8—quinolinethiol) | 3.8 | 2,0 | 8,36 1,74 9,20
1

8—Quinolineselenol 740 -0,08 | 8,18 0,12 8,50

Bang X.2.2: NHUNG PAC PIEM PHO CUA THIOXINE

Loai | pH | Awu(nm) | E (x10%)
- 243 | 16,57
Lo 021 516 | 458
252 14.4
278 | 17.97
HL |52 1 544 0.82

446 1.6

_ 260 | 19.29
I R 3,25

Quang pho hép thy cua thioxin (H,L", HL, L) trong nudc dugc minh hoa trong
hinhl. Pic diém pho ctia mdi loai duge tom tit trong bang X.2.2. Hé s hip thu phan
tir 16 rang duoc biét dé ting thém khi thioxin bi oxi hod trong khong khi.

Thioxin duoc coi nhu 13 mot loai thuée nhudm cua qué trinh solvate chromic. Thay
d6i phd ctia n6 véi d6 phan cuc cta nhitng dung méi bai vi thanh phan cin bang cua
dang “trung tinh” va “ion ludng tinh” thay d6i v6i d6 phan cuc ctia dung méi.Vi du
duogc chi trong hinh 2 va 3.

Thioxin c6 thé chiét dinh lwong tir pha nude vao trong chloroform trong diy pH = 2

— 8,4. Ti 1€ phan bd cua HL & pH 6,2 (L = 0,15; 20°C) trong hé théng cua dung moi
hitu co/ nudce 1a: 324(CHCL), 250(BrC¢Hs), 160(CsHs), 81(CCls) va 10,4(iso octan).

D6 hap thu phan tir (x10%)

Hinhl: Ph6 hap thu cta thioxine
trong nudc. (1)pH = O(H2LY); (2)
pH =52 (HL); 3)pH = 13 (L)

Molar Absorptivity

220 260 300 340 380 420 460 500

Budc song nm
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D6 hap thu phan tir (x10%)

Molar Absorptivity

400 ' 450 500 550 600 650 700 750

Bude song nm

Hinh 2: Phé hip thu cua thioxine trong cac dung moi khac

nhau.
(1) ==~ , trong methanol thudc nhudm
(2) ------ , trong ethanol ndéng do 1,7x107
(3) — — , trong octanol thubc nhuém
(4) —, trong DMF ndng do 3,4x10”°M
(5) =, trong pyridine
(6) "~~~ , trong dichloroethane thudc nhudm
(7) —, trong chloroform ndng d6 2,5x10"'M
(8) —, trong acetone
O ....... , trong benzene ndng d6 3,0M
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Do hap thu phan tir (x10%)

18
161

-

121
10+

Molar Absorptivity

[ R N = - T = -]

Budc song nm

Hinh 3: Ph6 hap thu cia thioxine
trong nudc- ethanol. (1) ethanol
100%; (2) 80% ethanol - 20%
nudce; (3) 50% ethanol — 50% nudc;
(4) 30% ethanol-70% nudc; 100%
nudc.

Bang X.2.3: CAC PIEU KIEN TOI UU CHO QUA TRINH TUA VA CHIET
NHOUNG ION KIM LOAI BANG THIOXINE

, Su két tua Chiét
Ion kim .
loai® A 1A A \ A Mau (nhiét ¢ | Picu kién A
Diéu kién t61 vu | Thanh phan thing hoa)” i ru Dung mo1
(H.L);:MCl5.3 N < H,S04
As (IIT) HCI 3N H,0 Vang 3.5N CCl4
Tan trong
AS (v) HCI IN NL; Vang hén —
hop HCI
Au (TIT) HCI (Hzlﬁﬂ(\)m' Vang  |Acidmanh| CHCI,
2
Bi Acid tartaric ML; Vang pH 7-11,5 CHCI;
Cd pH 1-11 (NHs) ML; Cam - vang pH>4 CHCl;
cuan | HE 4§&N30H ML, 4H,0 | Nau (173-232) [> HCI12,5N|  CHCI,
Hg(I) | Acid trung tinh [ML.HL. 2H,O Do - nau Acid manh CHCl;
Hg(II) HCI 3N ML, Vang (77 - 180) — —
Ir(11D) - HL, Hong pH7,6-9 | CHCL
Mo(VT) pH 2-3 MosL,. H,O Xanhzd;n)(l 86-| Acidmanh|  CHCI,
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. CHCI; hay
Os(I1I) — HL; Xanh tim pH 7,5 DMF
. CHCI; hay
Pb pH> 2,6 ML, Vang pH> 4,5 Toluene
Pb pH > 2, 3(HCI) MLCI Vang nhat — —
Pt (1I) HCI IN ML,.H,O vang pH 5-9 CHCL;
Ty |Aed y?{éza kiem - pH9-14 | Toluene
VvV (1V) Acid MOL, Xanh la cay — CHCl;
, HCI 5N-
W(VI) | HCI5N -pH 5 MO.L, Xam den pH 4 CHCl,
Zn pH 4,5 ML, | Vene fgg; (1441 hs

a: Ton kim loai khac két tua véi thioxine bao gdm Ag, Co(IT)(IIT), Cu(T), Fe(I1)(I1I), Ga,
In, Mn, Ni, Rh, Ru, Sb(V), Se(IV), Sn(IV)(II), Te(IV), V(V).

b: Nhiét do thang hoa ¢ 2.10 Torr

5. Phan (g tao phirc va tinh chat ciia phirc

Thioxin phan tng véi ion kim loai nhe, dang két tiia khong hoa tan hodc 1a nhiing
dung dich mau. Thanh phan cua chelate phu thudc vao tinh chat cua acid va d¢ acid
cua dung dich, sy hi¢n di¢n ctia anion dugc tong két & bang X.2.3

Hing s6 bén cua chelate thioxine trong 50% dioxane hé nudc duoc tong két trong
bang X.2.4. Su hinh thanh hang s6 cua chelate thioxine trong chloroform hé nuéc:

(NK*M%nm( L‘)aq a £33 (ML,)

g
cling bao gdbm trong bang.

Phan trng cua Thioxin véi ion kim loai trong sy hién dién cua céac tdc nhan bao vé
khac dugc dau tu ti mi. Hau hét cac tac nhan bao vé hiéu qua chdng lai Thioxin 14 acid
HCL dac véi1 (Ag, Bi,Fe, Hg, Mo, Sb, va Sn), thiore véi (Ag, Au, Cu, Hg, Os, Pt va
Ra), NaF véi (Fe(IIl) ,Sn(IV), va kiém KCI véi (Ag, Cu ,Co, Fe(Il), Ir, Ni, Os, Pd, Pt
va Ru). KSCN la mdt tac nhan bao vé tt nhat cho Fe(II) va mot sb tac nhan nhu 1a Cd
va Zn.

Hinh 4 chi ra nguyén t6 c6 thé chiét voi Thioxin vao trong CHCls. Gia tri pH phu
thudc vao ph'?m tram dung dich chiét cho mét sd ion kim loai dai dién trong h¢ nudc—
chloroform dugc minh hoa ¢ hinh 5. Gia tri ctia logDyi.(CHCL/H,0) ¢ pH t6i wu la
dugc bao cédo nhu sau: 4,11 cho FelL,, 6,15 cho HgL,, 2,78 cho PbL, va 5,92 cho
ZnCl,. Ti 1& phan bd c6 1& duoc cai thién bai viec két hop boi tac nhan tao phic phu,
nhu 14 pyridin hodc 1,10—phenanthrolin. Dit li¢u vé d6 tan cua mot sb chelate Thioxin
trong nude va chloroform duoc tong két trong bang X.2.5.
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Cu Pd Cu Pd

% Tiel
chiét
0 . 1 A i i 1 1 J
1234 56]:_[8910]1121314 HinhSZSuphuthuC)cpHvéo%
P chiét ctia phirc thioxine trong
&« nudc-chloroform
100
80 |-
o 60 -
chiét 0|
20}

1 L 1 i -
12345678 91011121314
pH

Bang X.2.5: TICH SO TAN VA PO TAN CUA THIOXIANTE KIM LOAI

Thioxine chelate | logK,, (u=0,25(NaCl), 20°C) | B¢ tan trong CHCl,
Agl — 2,6x10-4
Bil.3 -46,31 5,8x10-5
Col.2 -29,60 —
Fel.2 — 3,1x10-3
Hgl .2 — 1,7x10-2

MnlL.2 -15,94 1,1x10-3
Nil.2 — 1,2x10-4
PbL2 -26,02 —
VOL2 -25,10 —
Znl.2 -29,44 7,1x10-2

Hau hét cac chelate Thioxine kim loai chi c6 mot dai hip thu don trong day kha
kién, ban than no rat hiru dung trong chiét tric quang dé xac dinh vét ctia ion kim loai.
Dic tinh quan pho ctia ion kim loai Thioxinat 1a dugc tong két trong bang X.2.6. Hinh
6 minh hoa mot cach dién hinh duong héap thu dién hinh ciia chelate thioxin, chelate Cd
va Zn trong CHCIl; dua ra huynh quang fluor ¢ 535 nm.
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Budc song nm

Hinh 6: Pho hap thu cua phirc Thioxine trong chloroform. (1)GaL,; (2)InL,; (3)TiL.
6. Su tinh ché va d¢ tinh khiét ctia thudc thir

Thioxin (dang bazo tu do) dé dang oxy hoa trong khong khi (khong dé dang oxy
hoéa véi HCI va mudi Na), trong thi truong nhiing mau oxy héa mot cach khong hoan
toan dan dén sy nhiém ban véi diquinolyl-8,8’—disunfile (M,S) nhung mau nay khong
hoa tan trong nudc. Mic du chat 1ong ndi & trén cua dung dich chira nudc thuong
xuyén dugc st dung véi nhitng muc dich cu thé, no co thé duge lam tinh khiét béi su
chiém hitu cua dung méi xac dinh. Tuy nhién cach tot nhat dé Thioxin dat duogc tinh
khiét 1a sy tong hop tir diquinolyl-8,8 —disulfide.

Hoa tan 5,5g disulfide trong h‘c:)n hop 20 ml acid HCI dac va 6 ml acid H;PO,4 50%,
dun néng dung dich dudi binh hoi Iuu trong nito khodng 2 gid, 1am lanh va loc dung
dich, thém vai giot dl}ng dich N‘aOH trong tién trinh bao hoa dong sudi nitg. Loc két
tia mau vang cia mudi natri (phan da két tinh) mdét vai gio trong ruou cho dén kho.

Mudi natri da duge téng hop trong phuong phép nay dang tinh thé chira mot dén
hai phéan tir nudc va 6n dinh nhiéu thang dudi nito.

_ D9 tinh khiét cuia Thioxin (dang bazo tw do, HCI hofic mubi natri) dwoc thir nghiém
bang chuén do iot cua nhom SH theo phuong phap ti€u chuan hogc thuan tién hon la

bang phuong phap TLC véi CCls—isopropyl alcohol (50:3). D9 tinh khiét cta diquinol—
8,8°—disulfide c6 thé quan sat bang diém nong chay.

7. Nhitng ing dung trong phan tich
Str dung nhu thude thir chiét tric quang:

Thioxin d3 dugc sir dung nhu 13 thude thir chiét tric quang cho nhing ion kim loai
nhe khac. Tinh chon loc ¢c6 thé duoc cai thién béng su chon loc diéu kién phan Uung
thich hop (nhu acid trong ty nhién, tinh acid, tdc nhan tao phuc phu, tac nhan bao vé).
Mot s6 mau da duogc tong két trong bang X.2.6.

Tac nhan bao v¢ thich hop la phai dugc nghién ciru trude tién. Mot dung dich chira
nude 0,2% Thioxin hidrochloride (0,1g trong 50ml HC1 6N) dugc dé cu, né duge co
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dinh trong bong t6i, lanh. Mot dimethanol cua thioxin dé dang oxy hoa véi disulfide
ngay ca ¢ trong bong to1, lanh va dugc chuan bi moi ngay.

Str dung nhu 13 thude thir huynh quang:

Mot s6 kim loai thioxinates fluorescene trong dung méi hitu co va nhiing kim loai
tuong tu c6 thé duoc xac dinh boi phép xac dinh huynh quang. Vi du duoc téng két
trong bang X.2.7. Cudng d6 huynh quang phu nhiéu dung méi sir dung. Do vay su lua
chon tinh chét cua dung méi 1a quan trong.

Nhing tng dung khac:

Thioxin ¢6 thé dqu su dung nhy: 1a thubc thu trong lqong hodc chuan do trong
phuong phap ampe. Gidy loc duoc tam vdi thioxin duge dé nghi nhu la pha tinh cho
sac ky ket tua cta ion kim loai.

Diguinolyl—S,S’—disulﬁde 6 thé duoc s dung nhu la thudc thir sinh mau cho kim
loai néu tdc nhan khir 1a hydroxylamine hoac acid ascorbic.

9. Nhiing thudc thir khic c6 ciu triic twong tu

Selenoxine (CioH;NSe.H,O (KLPT=226,14)), selenium tuong tu cua Thioxin, da
dugc tong hop, co tinh chit héa 1y va nhitng Gng dung phan tich cia né da dugc
nghién curu.

Althiox (4) 1a mot phdi tir trung tinh d3 dan xuét tir Thioxin va rd rang nhat cho Rh
(400 nm, £ = 7.10%) mot dang lién két v6i nhoém definic. Clu tric tuong tu cua vong
cang Rh (5) c6 thé chi ra nhu duéi day. Dan xuét sulfonate hoa ciing duoc sir dung cho
nhitng muc dich tuong tu.

X A
N7 N7
S - Cle“NS }S\ o,
| KLPT: 20124 RK |
HzC// cH Hzc//CH
4) (5)

IX.3.NATRIDIETHYLDTHIOCARBAMATE VA CAC THUOC THU
TUONG TU

Csz\ S CTPT: CH NS Na.3H O
N_C/ 5 10 2 2
\ -
C2HS/ SNa KLPT = 225,30
1. Danh phép

Cupral, mubi carbamidat DDTC natri.
2. Ngudn gbc va phuong phap tong hop

Co gia tr1 thuong mai, ndé dugc tao thanh bdi phan ng ctua diethylamin va carbon
disulfide trong dung dich natrihydroxide.
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3. Ung dung trong phan tich

Puoc st dung nhu 1a mdt chét tao tha va la dung moi thudc thir dé tach chiét cac
ion kim loai nhe. Cling nhu dugc str dung lam thudc thir trac quang cho Bi, Cu, Ni va
mot sO kim loai khac.

4. Pic tinh cta thude thi

Thudc thir nay thuong 1a moét mononatri, mudi trihydrate, & dang tinh thé khong
mau. Dang mudi khan nong chiay ¢ 94 dén 96°C va tan ty do trong nude (35g/100ml ,
20°C ) tao ra phan tng kiém Mic du thude thir & dang ran thi bén, nhung ¢ trong dung
dich acid thi bi phan huy rat nhanh. V6i nhiing gia tri pH tang dan thi dung dich tro
nén bén hon. Mot dung dich co nong do 1% co6 thé duoc giit trong vai tuan va dung
dich 0,1% thi gitt dugc mot tuan. Thoi gian dé mot nira dung dich nudc tham gia phan
tmg hoa hoc 13 ¢ pH <2 va ¢ pH = 5 1a 7 gidy dén 87 phut twong Gng. N6 hiu nhu
khong tan trong dung moi khong phan cuc (0,006g/100ml trong CCls), nhung tan dugc
trong ruoQu.

St dung trong viéc tach chiét thi mubi diethylammoium thudng dugc dung hon béi
vi n6 tan duge trong nudce, cling nhu tan tdt trong carbon tetrachloride, chloroform, va
mot s6 dung méi hiru co khac. Hon nita, trong viée tach chiét kim loai trong dung dich
acid, mot lugng 16n dithiocarbamate van con lai trong dung méi hitu co, vi thé ma sy
phan huy ciia thudc thir trong acidic c6 thé tranh duoc.

Acid Diethyldithiocarbamic (HL) la mét acid trung binh yeu pKa = 3,95 (19°C);
Kp(CCL#/H:0) = 2,4 dén 3,4.10% ;Kp(CHCIy/H,0 ) = 2,30 dén 2,35.10°. Pho hap thu
cua muoi natri trong dung dich nuéc duge minh hoa trong hinh 1.

0.8

D¢ .
hécl)) 06 Hinh 1: Phé hap thu cua Na-DDTC
thu trong dung dich nudc;

0.4

260 280 300

Budc song nm

5. Phan tng tao phtic va dac tinh cta phuc

DDTC dugc xem nhu 1a mot anionic phéi tir 2 nhanh hoéa tri mgt nhan 2 nguyén ti
sulfur, va tao thanh nhiing két tia c6 mau véi hon 30 nguyén t6 tai pH > 4. Phan tng
xdy ra c¢6 chon loc hon trong dung dich acid, véi su vu tién dbi véi ion kim loai. Chung
hau hét khong c6 dién tich, & dang phirc bio hoa phdi tri va c6 thé tach chiét ra bang
dung mdéi hitu co, nhu 1a chloroform hodc tetrachloride. Vi duy, cu trac cua phtic
Cu(II) 1a nhu sau :
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Mot vai phirc ¢6 mau nhu (Bi, Cu(Il), Ni, ...), nhirng nguyén t6 nay co thé duge xac
dinh theo phuong phap quang pho.

Phén tmg tao tua va tach chiét cic ion kim loai duoc tom tit trong bang X.3.1. Tinh
chon loc cho viée tach chiét ion kim loai c6 thé tot hon bang viéc chon khoang pH va
chon nhitng chat che thich hop cho dung dich x4c dinh.

Pé hang sb cua phitc DDTC bén, c6 nhing phuong phap gian tiép dya trén phan
g song song vdi mot ion kim loai khac hogc mot ph01 tu khéac thuong dugce st dung
thay thé dé tranh xay ra sy phan huy phic cua phdi tir va phic kim loai trong dung
dich acid. Gia tr1 duoc tong két trong bang X.3.2.

Nhu d3d mo ta & trén, mot vai phic kim loai c6 thé dugc tach trong dung dich
chloroform hodc carbon tetrachloride. Gia tri K dugc ké khai trong bang X.3.1. Khi
phtc kim loai ¢6 d6 mau cao, n6 c6 thé d& dang dugc xac dinh theo phuong phép tric
quang sau khi c6 su tach chiét dung moi, béi vi ban than thude thir khong hap thu trong
mién kha kién. Pic diém quang pho cta phic DDTC—kim loai dugc tong két trong
bang X.3.3.

6. Su tinh ché va do tinh khiét cta thude thu

Natri diethyldithiocarbamate c6 thé duge tinh ché boi su két tinh tir dang nuéc dé
dat do tinh khiét can thiét 1a 99,5%.

Mot miu tinh khiét s& cho dung dich trong khong mau khi hoa tan vao trong nuéc
hodc ethanol (0,1%). Xac dinh ham luong nitrogen bang phuong phap kieldahl c6 thé
dugc dung dé thu nghiém.

7. Ung dung trong phan tich
Str dung nhu 13 mét thude thir dung mai tach chiét:

Do chon loc trong viéc tach chiét kim loai c6 thé dugc cai thién béi viée chon lya
nhimg gia tri pH thich hop cua dung dich va viéc s dung nhiing chat che. Bang X.3.4
tong két cac diéu kién cua sy tach chiét. Thuong thi ngudi ta cho thém Na—DDTC vao
dung dich dé tao tua phirc DDTC kim loai, theo sy tach chiét cua phirc voi dung moi
hitu co. Trong nhiéu trudng hop thi téc d6 cua su tach chiét xay ra rat nhanh. Su c6
mit cia EDTA s& lam giam toc d6 qua trinh tach chiét. Do acid cia DDTC khong bén
nén khong nén st dung dung dich acid kha manh dé tach chiét, mac du c6 do chon loc
cao cho cac ion kim loai nhu chiing ta mong dgi. Chang han nhu trong truong hop,
phan Ung trao ddi dién ra voi phttc DDTC kim loai s€ dugc dién ra cham hon, hoic
viéc st dung diethylammonium diethyldithiocarbamate 1a phu hop hon.

Sy khéac nhau trong cac gia tri ciia hang s tach chiét ¢ diéu kién cho nhiéu ion
kim loai khac nhau c6 thé duoc tan dung cho sy tach chiét c6 chon loc va viéc xac dinh
cac ion kim loai. Khi mét dung dich déng dugc tron vé1 mot dung moi hitu co cia
phirc Pb—-DDTC, phan tng duéi ddy hau nhu s& duoc dién ra mét cach dinh luong:

Cu®* +(PbL,) o ——(Cul,) + Pb**
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Vi log K¢ cua PbL, va Cul, theo tht ty 1a 7,8 va 13,7 (trong dung dich CCLs). Vi
thé, ion kim loai c6 thé dugc tach ra tur dung dich acid kha manh, noi ma dang tu do
DDTC s€ phan huy mét cach nhanh chong. Hon nita, phtitc DDTC kim loai khong mau
c6 thé xac dinh theo phuong phap trac quang sau phan ung thay thé dé hinh thanh phuc
c6 mau ro rang. Hinh 2 va 3 biéu thi kha nang cua sy tach chiét ¢ chon loc cta cac
loai ion kim loai tir nhiéu dung dich nudc céd nhiéu tinh acid khac nhau. Su tach chiét
két thuc sau khoang 2 phut trong hau hét cac truong hop, nhung SeL, , CoL; va FeL;
phan tng dién ra rat cham.

DDTC thuong duge sir dung nhu 1a thude thir do quang cho Cu(Il), va ké tiép 1a Bi,
Ni va mot s6 nguyén t6 khac. Pac diém vé quang phd cua phirc DDTC kim loai duoc
trinh bay trong bang X.2.3. Quang pho trong khoang nhin thay thi khong rd rang béi vi
dang tu do cua phuc

DDTC khong hap thu trong khoang nhin thdy dwoc (hinh 1). Tuy nhién, d6 hap thu
ctia thudc thir c6 thé gy nhiéu dén pho UV, mic du su tach chiét cua HL trd nén khong
dang ké & pH > 9. Vi du, Cu(II) (0,002 dén 0,03mg) c6 thé dugc xac dinh tai 440nm,
sau d6 tach chiét nhu CuL2 vé6i n-butyl acetate tai pH = 9 c6 EDTA. Céc cation nhu
Co, Cr, Fe, Mn va Ni khong gay anh huong.

Bang X.3.1: SUKET TUA VA KHA NANG CHIET CUA ION KIM LOAI

VOI DDTC
Két tia pH chiét
Ionkim | Ti D@ tan CHCl, CClL, CCls+ | CClLyt E([j)(;l“{'i n CClst | Ethyl
loai 1€ (diéu kién) (logKe) | (logKex) | KCN | EDTA citrate tartrate | acetate
logK,,-20,66
’ 2,6-5 4-11
(1=0,3)
Ag() | ML logK,-19,6 4-8 7-11 ~9 5-13 3
(KNO;0,1M,
25°C) (12,6) (11,90
As(I1I) 3-6 4-5,8 4-5,8
Au(IIl) 2-14 4-11 4-8 4-11
) 2-9 4-11
Bi ML; | S2,1.10-10M (1326) | (16.79) 8-11 4-11
logK,-22,0 0-9,5 4-11
(KNO; 0,1M, i i )
Cd ML, 25°C) 8-11 4-6 5-13 3
S 1,8.10'™M (0,78) (2,33)
logK,,-20,06
Co(Il) | ML, (1=0.3) 2-6 4-11
logKsp-30,21 2-14 4-11
Cu(Il) | ML, | (NacCl, 25°C) 4-8 4-11 ~9 5-13
S 3,2.10"°M (11,9) | (13,70)
Fe(Il) 2-9 (1,18) 9
Fe(Ill) | ML, 2-9 4-9.8 8-9 4-6 5-9
logK,-24,5
Ga ML; (1=0.3) 4-5.5 4-11 3
Hg(l) | ML, | logK,,-43,79 2-14 4-11 4-8,5 | 4-11 ~9 5-13 3
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(KNO; 0,1M)
Mn(Il) | ML, | S1,5.10*M 2-9 (-461,_32) 8-9 | 4-11 5-9 6,5
Mo(IV) 2-9 5-11
Nb(V) 4-5,5 5-5,5
logK-19,26 | 2-14 | 4-11
(1=0,3)
Ni | ML, | logKy-23,1 8-11 | 5,5-11| 5-13 10
(KNO; 0,1M)
S2,3.10’'M | (11,18) | (11,58)
logK,-21,7 | 395 | 4-11
Pb | ML, | (KNO; 0,1M) 8-11 | 5-7 5-13 | Acidic
S3.4.10°M | (7.949) | (1.7D)
4-11
Pd(1l) | ML, cay | 81| 41 5-13
Pt(IV) 4-11 | 8-11 | 4-11
l0gK4,-16,9 2-9 4-11
Zn | ML, | (KNO; 0,1M) 8-11 | 5-11 5-13 3
S2,5.10°M | (2.39) | 2,96
Bang X.3.2: HANG SO BEN CUA PHUC KIM LOAI-DDTC
Ion kim loai | Log KML | f=logKML.logKML, Piéu kién
Cu(Il) 14,9 28,8 75% ethanol | 20°C
38,1 B ,
Hg(II) 22,2 (5:39.1) u=0,1, KNO; | 20°C
Ni 12,9 u=0,01 | 22°C
Pb 18,3 u=0,01 |22°C
TI(D) 4,3 53 u=0,1, KNO; | 25°C
Zn 11,4 u=0,01 22°C

8. Nhirng tmg dung khéc

N6 ting dugc st dung nhu 1a thude thir dé nhan biét Cu (gidi han xac dinh 13 0,2pg
va gidi han pha loang 1/5. 107) nhung phan tng 14 khong c6 tinh chon loc. Thude thir
con duge sir dung 1am chat tao taa trong phuong phap phan tich trong lugng. Phirc
DDTC kim loai ciing c6 thé duoc phan li va x4c dinh bang sac ky khi hoac HPLC. Mot
polymer v&i nhém chirc DDTC hodc hat silicagel lién két véi phiec DDTC di duoc
nghién ctru nhu 1a mot ion dugc lya chon lién két. Nhitng ion kim loai da dugc hinh
thanh trudc trén bé mit kinh noi ma DDTC duoc thdng ké va kiém tra boi tia X trong
phé dién tur vdi do chon loc va do nhay cao.

9. Mot s6 loai thude thir khac véi clu tric tuong tu

Diethylammonium Diethyldithiocarbamate:
CTPT: C9H22N2$2
KLPT: 222,41
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CHs S
N—C
/ \
C,Hs S(NH,(C,Hs)o)

La nhiing tinh thé khong mau, nong chay ¢ 82 — 83°C, tan trong nudc, chloroform,
carbon tetrachloride, va mot sé dung moéi hitu co khac. Uu diém cua thudc thir nay
trén natri-DDTC la né tan dugc trong dung méi hitu co boi vi nhitng ion kim loai tur
trong dung dich acid v6 co co thé tach ra voi thude thir nay. Trong qua trinh tach, s6
lugng cua thude thir trong duong véi phire kim loai ton tai trong dung moéi hitu co voi
dang acid phan li. Kha nang tach ion tr nhitng dung dich acid manh dugc tong hop
trong bang X.3.5. Kha nang chiét tir dung dich trung tinh hay bazo hau nhu tuong tu
nhu céach chiét cia mudi cua Na.

Ammonium Pyrrolidinedithiocarbamate:
CTPT: C5H12stz
KLPT: 164,28

CH,-CHy S

| N—C

\
CH,-CH, S.NH,

La APDC, ammonium pyrrolidine-1-carbodithioate; c6 san ngoai thi trudong; 1a
nhiing tinh thé khong mau, nong chay 142 — 144°C, dé tan trong nudc (18,9g/100ml;
200°C) va ruoqu, it tan trong chloroform (0,38g/100ml) va carbon tetrachloride
(0,12g/100ml; 200°C). Thudc thir & dang tu do 1a mét acid yéu, pK, = 3,29 (u = 0,01;
KCl, 25°C), KD (CHCIy/H,0)=1,1.10%. Thudc thir nay trong dung dich acid thi ben
hon DDTC. Chu ky ban ra ¢ pH 1,0, 3,0 va 7,3 theo thu tu 1a 63 phut, 175 phut va 170
ngdy. Vi thé APDC duoc dung nhu 13 chat tao tia va 1am dung méi tach chiét cho céc
ion kim loai ndng trong dung dich acid.

Nhin chung, phuong phap tach chiét kim loai bang viéc sir thuéc thir APDC twong
tu nhu sir dung voi diethylammonium dithiocarbamate trong acid hitu co va voi mudi
natri trong méi trudng trung tinh hoic kiém yéu. Bang X.3.6 1a su tong hop phuong
phép tach chlet clia cac ion kim loai v6i APDC tir dung dich acid. Hang s6 tach chiét
ctia mot s6 ion kim loai cling dugc dua vao bang trén. Do tan ciia phitc APDC kim loai
thi thuong thap hon so véi DDTC kim loai. Nhitng dung méi khong duge halogen hoa,
ching han nhu MIBK hoic alkyl acetate, thi dugc sir dung nhu dung moéi tach chiét
cho su ¢6 can ctia mau kim loai ning véi ham luong thap khi d6 ching cho nhiing
nguyén tir c6 phd hap thu dugc dung dé xac dinh ham lwong kim loai.

Ammonium N—(dithiocarboxy)sarcosine:
CTPT C4H5N0282.2NH4
KLPT: 199,30

"O0OCCH, S
\ ’/

N—C |[2NH,"
/ \
H;C S
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La nhiing tinh thé bot mau trang, dé tan trong nuéc. O trang thai 1ong né co thé dé
dugc 1 thang. Phan Gng voi mot sd ion kim loai ning cia hydrogen sulfide va
ammonium sulfide dé tao thanh phtc kim loai tan. Nhiing ion kim loai ma n6 c6 thé
dugc che véi EDTA va chi thi kim loai 1a: tai pH 2 — 3: Bi, Cd, Co, Cu(Il), Fe(Ill), Hg,
In, Mo(VI), Mo(V), Ni, Pb va V(V); tai pH 5 — 6: Bi, Cd Co(II), Cu(Il), Fe(III), Hg, In,
Ni, va V(V); tai pH 9 — 10: Bi, Co(I), Cu(Il), Fe(III) va Ni. Thubc thir nay duoc sir
dung nhu mét chat che cac ion kim loai ning trong phan tich cua Zn.

Silver Diethyldithiocarbamate:
CTPT: (CsH]oNSzAg)z
KLPT: 512,26
C2H5\ //S* Ag— S\ /C2H5
N—C C—N

/ \ /7 \
C2H5 S— Ag—»S C2H5

La nhiing tinh thé mau vang nhat, hau nhu khong tan trong nuéc, nhung de dang
tan trong pyridine hodc chloroform. Thudc thir nay bi anh huong nhleu boi d6 am va
anh sang, vi vdy né dugc bao quan trong cac dung cu khd c¢6 mau toi va dé & noi kho
rdo. Nhitng mau bi nhiém ban c6 thé dugc lam sach bang cach két tinh trong dung moi
pyridine. Khi dé c6 nhiing bot khi xuat hién trong dung dich pyridine cia Ag-DDTC,
phan tng dién ra nhu sau:

AsH, +6AgL +3B = AsAg, 3AgL + 3L +3HB"
AsAg,.3AgL+3B =6Ag+AsL, +3L +3HB*

Trong d6 B 1a pyridine hodc khi nitrogen khac. Két qua ciia phan tng hdn hop trén
13 su hinh thanh nhitng hat keo c6 mau hong nhat. Phan Gng nay c6 thé st dung cho
qua trinh xac dinh ham lugng nho As trong nhiéu loai mau. Mot dung dich chloroform
ciia Ag-DDTC chtra méot lugng nhé nitrogen chang han nhu triethylamin (3.102M)
dugc dung mot phan Ung trung gian thich hgp hon, bdi vi nhiitng sy anh hudng cua
pyridine c6 thé dugc ngin ngira. Nhitng gde nitrogen khac ciing duoc dwa ra dé thay
thé pyridine.

Xac dinh As theo phuong phap tric quang:

Thuéc thu: dung dich pyridine 0,5% cua Ag-DDTC. Dung dich pyridine co thé
thay the bang dung dich chloroform 0,5% ctia Ag-DDTC, chira 3.10°M triethylamine,
dung dich KI 15% ,dung dich SnC12 40% , H,SO. dam dac.

Thiét bi: hinh 4
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Hinh 4: Binh phan tmg dé xac dinh As

Qui trinh: Cho mau dung dich 16ng chtra 4 — 15ug As vao trong binh phan tng va
pha loang thanh 25ml, thém 5ml dung dich H,SO, dam dac, 2ml KI 15%, va 0,5ml
dung dich SnCl, 40% .Tiép theo tién hanh tron déu trong 15 — 30 phut v6i nhitng lan
lac tron khac nhau. Gan chit ¢6 dng thuy tinh ngap sau vao dung dich acetate chi thong
qua vong dém bang cao su trén miéng binh loc (trong binh ¢6 chira sin 3ml dung dich
Ag-DDTC). Cho thém 3g bot kim loai Zn véo trong binh phan tng va xuat hién nhanh
chéng dau hiéu cta sy cong hop. DAu hiéu d6 sé két thac sau 60 dén 90 phut va dung
dich trong binh loc tir mau vang nhat chuyén sang mau hong. Sy chuyén d6i mau cia
dung dich trong khoang 10-mm va dugc do ¢ budc song 540 — 560nm tuy thudc vao
mAu tring. Pudng hip thu mau cta dung dich dugc trinh bay trong hinh 5.

=.
S
B
f). 0,3 Hinh 5: Ph6 hép thu cua
o san phadm phan ung tu
0.2 Ag-DDTC va arsine.10ug
’ (+10pg Sb).
0,1
I I
400 500 600 700

Budc song nm

Céc chat gay sai s0:

S(IT) bi oxy hoa bdi acid nitric. Ge, HNO3, va HCIO, bi loai bd béng su bay hoi
lién tiép voi HCL Su anh hudng boi Cu, Fe, Ni, Sb, Se, Sn, Te, PO,>, va mot sd
nguyén td khac dugc loai trir boi qua trinh tdch AsCI3 tir dung dich HC1 dam dac véi
p—xylene hodc benzene. Nhiing ion kim loai chéng han nhu Ag, Bi, Cu, Hg, Pb, Pd, Pt
va Sb ¢6 khuynh huéng ling trén bé mit Zn, va ngin ngira sy hoa tan cta Zn, nhung
cling c6 thé che bang KI.

Xanthate:
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Kali ethyxanthate (R = C,Hs—) va kali benzylxanthate (R = CsHsCH>—) c6 ich nhu
1a thuoc thir dung moi tach chi€t cho kim loai tach chiét. Ung dung cta chang trong
hoa phan tich va trong su tuyén ndi khodng thi dugc xem nhu 1a trong the literature

Bang X.3.3: PAC PIEM PHO CUA PHUC MAU KIM LOAI -DDTC

Trong CCly Trong CHClI,
Ton kim loai | Ti 1€ Mau Amax(nm) | £ (x10°)
Bi ML, Vang 366 8,62 370 10,5
323 23,93
Co(II) Xanh 367 15,7
650 0,55 650 0,52
Cu(ll) Nau 436 13.0 440 12,1
335-350 12,7
Fe(IID) Nau 515 2,49
600 2.05 515 2,79
) \ 326 34,2
N Vangxanh | 545 6.11 395|587
305 54,8
Pd(ID) 345-350 7,13
P(IV) 355 5,87
Sb(I1l) 350 3,37
Te(IV) 428 3.16
U022+ do nau 380 - 400 390 3,87

Bang X.3.4: SU'CHIET CUA PHUC CHELATE KIM LOAI-DDTC VOI CCl,

Cac
Cac Céac nguyén | nguyén td
Céc nguyén t6 chiét & | Cac nguyén to chiét | nguyén to t6 chiét khac
pH >11 opH=9 chiét & pH | khong hoan khong
=6 toan duoc liét
ké
Ag, Bi, Cd, Co(Il), Fe(IlI), In(I11),
Cu(Il), Hg(II), Ni, Pb, | Mn(III), Sb(III) va
Pd(ID), TI(T)(IIT), Zn. Te(IV)

As(I1D), Au, Ba, Ir, | Khong thé
Se(IV), | Nb(V), Os, | duogc chiét
Sn(IV)va | Rh,Ru,Pt | 6pH=4
V(V) va U(VI) -11

(Ag, Bi, Cu(Il), Hg(Il), |  (Sb(III), Te(IV)
Pd(IT) va TI(IIT) khong | khong thé bao vé
thé bao vé bang EDTA; | bing EDTA; Fe, In,
Bi, Cd, Pb va TI(I)(IIT) | Mn(III), Sb(III) va
khong thé bao vé boi Te(IV) khong thé
KCN) bao vé bang KCN)
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IX.4.TOLUENE-3,4-DITHIOL VA THUOC THU TUONG TU.

H;C SH CTCT: CHS,
KLPT: 156.26
SH
HL

1. Danh phéap
4—Methyl-1,2—dimercaptobenzene, 3,4—-dimercaptotoluene, dithiol.
2. Ngudn gbc va phuong phap tong hop

Toluene—3,4 dithiol duoc sir dung phd bién trén thi trudng. N6 duogc tong hop boi
su khur cua 3,4—disulfolnylchoride véi Sn va HCI.

3. Str dung trong phan tich

Thudc thir dung do quang dé xac dinh cac kim loai Ag, Mo, Re, Sn, Te va W, dac
trung cho Sn.

4. Phan mg tao phtrc va tinh chit cta phtic

Tinh thé khong mau, trong sudt, nong chay & 31 — 34°C, nhiét d6 soi ¢ 185 — 187°C
(84 torr ), np = 1,6378. Thudc thir c6 mui dic trung va dé dang bi oxy hoa trong khong
khi cho mau vang (dau) hodc mau tring nga (C:HeSo)n. Thudc thir dugc bao quan &
nhiét do thap va dudi diéu kién khi tro. Dbi véi thude thir nay trén thi truong thi gioi
han néng chay & 28 — 31°C, it hoa tan trong cac acid nhung dé dang hoa tan trong céc
dung moéi hiru co va trong dung dich KOH. Thudc thir khéng bén trong nuéce khi lam
viéc v6i thude thir can duoc chuan bi dung dich méi. Dithiol ¢6 tinh acid pka, = 5,34
va pka, = 11 (trong nudc ¢ 25°C), log Kp(CHCI3/H,0) = 4,13 (L =0,1, & 25°C).

5. Phan (g tao phirc va tinh chét ciia phirc

Dithiol phan trng v61 mot s6 kim loai nhe hinh thanh dang phtrc tan mau hodc dang
tha. Mot sd co thé chiét dugc trong cac dung méi hitu co nhu chloroform, 1,2—
dichlorchroethane, isoamyl acetate hoic DMF. Mau va thanh phan cia phic ¢ gia tri
pH khac nhau dugc tom tit trong bang X.4.1

Cac ion kim loai c¢6 hoa tri cao nhu Ge(IV), Mo(VI), Pb(IV), Si(IV), Sn(IV) va
W(VI), hinh thanh phirc ph6i tri khong mang dién voi ion bidentate dithiolate (L*) va
c6 thé dugc chiét trong nhitng dung méi khac nhau.

Tuy nhién mot sb kim loai c6 hoa trj thap thuong hinh thanh phirc chelate tan hoic
o dang phtic chelate polymeric ca khong tan trong nuéc 1an khong tan trong cac dung
moi hitu co. Phirc polymeric nay c6 thé hoa tan dugc nhd chat hoat dong bé mait
(Teepol®, Santomerse®, Gelatin hodc Triton® X-100), dung trong do quang dé xac
dinh céc kim loai. Kém hinh thanh hai dang phtrc dang ZnL,*(1), tan trong nudc tao
phirc chelate mang dién, bao hoa phdi tri. Va ZnL(2), 12 phtic chelate khong tan, khong
mang dién, khong bao hoa phdi tri, nén khong thé chiét dugc. Tuy nhién, phtc chelate
mang dién c6 thé dugc chiét voi cation thich hop nhu ion NH," trong pha hiru co nhu
mot cap doi ion.

230



\ / S\Z /OH
@[ N ]@ @ R
S OH

(1 (2)

_ Va phurc chelate khong béo hoa phdi phdi tri khong mang dién c6 thé chiét duoc
bang su thay thé phdi tri nudc cua phitc kém véi mot bazo khong mang dién nhu 1a
1,10—(phenanthroline)

2
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-
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Q-
a 0.8
0.6
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400 450 500 550 600
Bude song nm

Hinh 1: pho hép thu cta phirc Sn—dithiol, Sn 16ppm

Phd hap thu cta Sn(II)—dithiolate mau dé trong nudc duoc minh hoa ¢ hinh 1. Mic
du dung dich phtrc kém nay tan trong dung mdi hitu co, dung dich c6 mau vang nhung
n6 khong dugc dung cho do quang. Quan sat do hap thu ctia Mo(VI)—dithiolate trong
cac dung méi hiru co khac nhau thi d6 hip thu phan tir cao nhét (€ = 1,84.10" tai budc
song A = 705nm) trong hon hop dung méi acid acetic bang—TBP-acid phosphoric theo
ti 18 20:5:2 vé thé tich.

6. Su tinh ché va do tinh khiét cua thube thir

Dithiol c6 thé tinh ché bang chung cét chan khong dudi khi nitrogen. Thubc thir dé
bi oxy hoa, né dugc dé nghi giir kin trong nitrogen, ¢ nhiét d6 dong bang. Dithiol
dugc chuyén hoa thanh din xuat bén hon, nhiing dan xut din ra dudi day thi dan xuat
cudi cung hau nhu dugc sir dung rong nhat trong thyc té.
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Hop chat (3) - (5) 1a bot trang, kha bén va dithiol c6 thé tai ché boi quy trinh don
gian (v6i (3), (4) dung NaOH IN véi (5) dung acid vo co). Do tinh khiét cua dithiol tu
do duoc xac dinh bang phép chuan do iot cua nhom SH. D6 tinh khiét cua k&m-dithiol
c6 thé kiém tra tra bang chuan d6 EDTA sau khi xir Iy mau véi HNO;—HCLO..

Phan dung méi hdi luu lai c6 thé dé xac dinh tl}é tich cua nhom SH bang phuong
phap quang hoa. Dung dich cua Zn dithiol ¢6 thé kiém tra boi chuan d6 EDTA, sau do
dun mau véi HNOs;-HCIO..

7. Nhitng trng dung trong phan tich
Thudc thir tric quang:

Nhitng diéu kién xac dinh vai ion kim loai bang phuong phép tric quang st dung
dithiol kim loai dugc tom tac trong bang X.4.2.

Xac dinh thiéc: dun nong dung dich mau chira 3 — 50ug Sn véi 0,5ml dung dich
H,SO, (1+2) trong mot cdc thuy tinh, dun néng cho téi khi dung dich bdc hoi. Chuyén
toan bd vao cdc (10ml) ding 7ml H,O va nhé mét giot thioglicolic acid va khudy tron
déu. Thém 1ml hd arabic 0,5% va 0,5ml dd dithiol 0,2% (cho vao dd NaOH 1% chura
acid thioglicolic 1%), dun va khudy tron cach thuy tai 50£5°C trong mot phut va pha
lodng véi thé tich vira dun xong, dem do quang & budc song 530nm va loai trir sai s6
béng cach 1am mau tréng dé so sanh. As, Bi, Ge, Mo, Sb, Se va Te lam tré ngai cho
phuong phap. Phuong phap nay duoc dé nghi sau khi tich Sn bang phwong phap
chung cit nhu 1a SnCl..

Xac dinh Mo(VI): diéu chinh tinh acid ctia dung dich mau c¢6 chira 100ug Mo bang
HCI 6 — 8N va tong thé tich 13 25ml. Lic déu voi dung dich v6i Sml TBP (dugc bio
hoa v&i HCI) trong 5 phut sau khi tich pha, chuyén toan bo phan tach vao coc thuy tinh
50ml, thém 25ml acid acetic bang va 2ml H;PO, sau d6 thém 5 giot dung dich dithiol
(1g dithiol trong 100ml NaOH 1% va chira 1g thioglicolic acid) va khudy tron déu.
Tang thé tich can thiét voi acid CH3COOH bing va dé yén trong 3 gio, sau d6 dem do
quang ¢ budc song 705nm. Bi, Cd, Co, Cu, Fe, Ni, Pb, Sn, Zn va W khoang 1000ug
khong c6 anh hudng.

Khi dung Zn—dithiol thi dung dich phai chuan bi lai theo qui trinh chudn bi nhu sau:
tron 0,2g Zn-dithiol v6i 2ml ethanol va thém vao 100ml dd NaOH 1%. Sau d6 thém
Iml acid thioglicolic lgc va trdn dé€u, bao quan trong chai nhya.

Thudc th ¢6 d6 nhay:

DPugc tom tit trong bang X.4.1, Dithiol x4c dinh dugc nhiéu ion kim loai trong
nhiéu diéu kién. Cho cac ion kim loai nhu Mo, Sn va W, phan ung tao tua khoang
5ppm. C6 thé phat hién trong dung dich HCI 1 — 2N, chi c6 Pt cho tiia mau tim ma ¢
thé chiét 13y trong cac dung méi hitu co.
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IX.5.BITMUT II - KHOANG CHAT II

Iﬁl_lf@ CTPT: CHN S K.

c_ C KLPT: 264,32
ks” °s” s

HL (KL)

1. Danh phép

3—Phenyl-5—mercapto—1,3,4-thiadiazol-2—thione, mudi  kali, bismuthone,
bismuthol

2. Ngudn gbc va phuong phap tong hop

Vé phuong dién thwong mai, nd dugc tao thanh tir phan Gng cta phenylthydrazine
v6i carbon disulfide trong dung dich KOH.

3. Dung phép phan tich

Dung phan tich trong luong va thudc thir két tua nhimg ion kim loai nhe. Dung
phuong phap tric quang cho Bi, Se, Te, va mot vai nguyén t6 khac.

4. Tinh chét cua thudc thir

Bismuthiol II thuong giéng nhu mudi kali, c6 nhiét do nong chay 243 — 248°C
(nhiét d6 phan huy 250 — 255°C) va thuong khong mau hogc tinh thé hinh kim vang
nhat. Thudc thir ciia né kha bén, nhung né bi oxi hoa cham tao ra disulfide. N6 c6 thé
hoa tan trong nudc va trong con nhung nd khong tan trong dung méi hiru co. Thiol tu
do (HL) c6 thé & dang tinh thé hinh kim khong mau (nhi€t d6 nong chay tir 90 — 91°C)
do sy acid hoa dung dich nuéc cia mudi kali. Thiol ty do thi d& bi oxy hoa hon mu6i
kali va khong hoa tan trong nudc hodc ligroin (diém so6i thap) nhung dé hoa tan trong
dung moi hitu co, pKa = 3 (20°C) Dung dich nudc (L) (Amex = 335nm; € = 1,1.10%) va
trong dung dich chloroform (HL), (A = 330nm) thi khong mau.

5. Phan tng tao phirc va tinh chét cua phirc

Bismuthiol II thi phan (mg v&i hau hét cac ion kim loai nhe trong dung dich nudce
hinh thanh két tia c6 mau vang dén mau nau d6. Kha niang phan ng voi ion kim loai
thay doi vé6i pH cua dung dich va chit che cua nd, dugc tom tit ‘trong ban X.5.1.
Trong nhirg phan tmg, Bismuthiol II dugc xem khong thé nhan biét duoc cac anion
hod tri 1. N6 tao thanh phirc dugc cho dudi day.
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s SO
s s

Phtrc chit khong mang dién c6 thé chiét vao trong CHCL. Phé hép thu cta nhimg
phirc nay rat giong thudc thir tu do, minh hoa ¢ hinh 1, thudc thr du dugc loai nho
nude ¢ pH 7,5 trude khi xac dinh kim loai bang phuong phap trac quang.

0.7

0:8 Hinh 1: Pho hép thy ciia phuc
py 0° Bismuthiol II va Te trong
hap 04 chloroform. (1) phtc Te trong
thy 03 Chloroform; (2) Bismuthiol (IT)

0.2} trong chloroform; (3) mau

0.1 tréng.

300 %40 3’0 420 460
Bude song nm

6. Su tinh ché va sy tinh khiét cta thudc thu

Bismutthiol II (mudi kaki) thi thuong bi hong bai disulfide trong thoi gian dai luu
trtr, nhung cé thé tinh ché bang cach két tinh lai tr con néng. Thudc thir duogc kiém tra
lai bang phuong phéap chuan d¢ iot cia nhém SH theo phuong phap ti€u chuan.

7. Su tng dung cua phan tich
Thubc thir tao tua:

Puoc chi ra trong bang X.5.1, thudc thir Bismuthiol II ¢6 thé chon loc tot dbi véi
kim loai nhe. San pham ket tua phai c6 thanh phan dugc dinh 16, khong thay d6i sau
khi say ¢ 100°C.

Nhiing phan ung két tua c6 do nhay cao thich hop xac dinh ion kim loai & dang vét
(Bi, két tua do trong HNOs; gi6i han pha loang, 1:6.10°).

Thudc thir tric quang:

Ung dung quang trong nhat ctia Bismuthiol II 14 x4c dinh Te(IV)‘b'chg phuong phap
chiét trac quang. Phirc Bismuthol (TeLs) dugc hinh thanh trong diu kién méi truong
acid, sau d6 dugc chiét vao trong chloroform hodc benzene va dem do quang. Phé hap
thu cua lugng du thudc thir xen phu mét cach dang ké véi phire Te, mot vai phuong
phap duoi day duoc dé nghi cho viéc xac dinh Te:
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[J Su hinh thanh phtc chit & pH = 4,15, su chiét cia ca hai phuc chit va thudc thir
du 6 pH tuong tu, sau d6 do su hép thu ctia TeL4 & 416nm khi d6 hap thu caa HL
la khong déang ke.

O Su hinh thanh phirc chat & pH = 2 — 3 (Citrate) trong 30 phut, chiét TeL, & pH =
6,5, & day chiét cua HL 1a khong dang ké, sau do6 su do do hap thu ¢ bude song la
335nm.

O Su hinh thanh phtc chat va chiét ca hai TeL, va HL & HCL 3N hodc pH = 3,5.
Quay lai qué trinh chiét L v6i dung dich dém (pH = 7 — 8), sau d6 do do hap thu ¢
330nm.

Do nhay cuia phuong phap thir nhat, thir hai va tht ba lan luot 14 0,026pg/cm? (€ =
4,9.10%), 0,005 (¢ = 2,8.10%, va 0,0036 (¢ = 3,5.10%), nhung As(III), Fe(Il) va Se(IV)
can trd nghiém trong.

Nhitng nguyén t6 nhu 13: As(V) (HCL 3 — 4N, 355nm, € = 1,62.10* trong CHCl;),
Os(VIID) (Ph 3770 dén 780nm, £ = 4,6.10* trong TBP), Re(VIII) (6 dén HCL 7N,
360nm, € = 2,2.10%) trong iso—pentyl alcohol-acetone-nudc (1:1:3) Se(pH = 7,5,
330nm, € = 3,16.10"), cling dugc xac dinh voi Bitmut I1.

9. Thude thir khac co cdu tric tuong tu
Nhiing thuéc thir Bismuthiol khéc:

Bismuthiol I; 3,5—dimercapto—1,3,4—thiadiazole (1)

3—(2’—Naphthyl)-5mercapto—1,3,4—thiadiazole—2—thione(2)

Thudc thir sau cing st dung cho viéc xac dinh Bi (325nm, € = 2,97.10* trong
CHCl;), Pd (345nm, € = 2,1.10* trong cyclohexane), va Te (326nm, € = 3.10* trong
CHCL).

3—(2’~Pyridyl)-5mercapto—1,3,4—thiadiazol-2—thione (3) duoc sir dung dé xac dinh
Bi (pH =2 — 3, 340nm, € = 2,97.10* trong CHCL;), Pd, Se, Te.

D
C. L
us” N sH
(1)
=
o
Hs/c\s/c\s :
GrrR="T
NN

2—Mercaptobenzothiazole  (4), 2-mercaptobenzimidazole (5), va 2-
mercaptobenzoxazole (6).
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(4): X=S
(5): X=NH
(6): X=0

N\
T e

/

X

2—Mercaptobenzothiazole (Mertax, Thiotax,Captax, MPT), C;HsNS,, KLPT =
167,24; thuong thi né khong mau hodc dang bot nho vang nhat, nhiét do péng ché}f
179 — 182°C. N6 khoéng hoa tan trong nuéc nhung nd tan trong dung dich ki€ém va pho
bién trong dung moéi hitru co bao gom C,HsOH (2g/100ml; Amax = 327nm) CeHs
(1g/100ml, 25°C), va acetone(10g/100ml); pKa, = 7,22 va pKa, = 11,4 (L= 0,1; 20°C).

N6 tac dung hau hét véi ion kim loai nhe né tao thanh phirc khong tan mau vang
dén mau vang cam va nd duoc st dung thude thir dé phan tich trong luong cac kim loai
Ag, Au, Bi, Cd (K, = 8,9.10°), Ir, Ni (K, = 4,9.10"), Pb (K, = 6,1.10™) , Pt, Rh va
Ru va thude thu dung cho trac quang cho cac nguyén td Au, Bi, Ir, Os, Pd, Pt, Rh va
Ru sau khi duge chiét voi chloroform.

Mot vai mercaptobenzothiazole khac dugc nghién ctru sir dung nhu thude thir chiét
trac quang.

2-Mercaptobenzimidazole (5), C;HeN>S, KLPT = 150,20; hat khong mau lap lanh
khi két tinh lai tir ethanol 95%, nhiét do nong chay 303 — 304°C, pKa = 9,97 (n=0,1;
20°C), tan it trong nude va tan trong con. Phirc cua thude thir nay hau nhu tuong ty 2—
mercaptobenzothiazole, va dugc s dung lam thudc thir chiét tric quang cho Bi
(350nm, & = 1.10* trong ethanol-CHCls), Hg(Il) (pH = 4,5, chiét nhu HgL,
(Bromocresol Purple)), 410nm, ¢ = 3,8.10* trong CHCl;—iso-PrOH (20;1) va Se
(325nm, ¢ = 1.10%, trong BuOH-CHCI;).

1-Benzyl-2—mercaptobenzimidazole dugc st dung cho xac dinh Te(IV) (440nm, ¢
=2,95.10%, 1 — 5ppm).

2—Mercaptobenzoxazole (6), C;HsONS, KLPT = 151,18; tinh thé khong mau, nhiét
dd nong chay 193 — 195°C, khong tan trong nudc , nhung khong tan trong dung dich
kiém va dung méi hitu co; pKa; = 6,58 va pKa, = 11,46, thudc thtr nay dugc dé nghi
dung nhu mot thude thir chiét tric quang cho Os(IIT), (pH = 5, 630nm, & = 4.10%) va Ru
(III) (pH = 5, 460nm, ¢ = 2.10%).

Bang X.5.1: PHAN UNG CUA BISMUTHIOL II VOI ION KIM LOAI

, pHO, pHO,
Io?ol;lm Ti lé HCI 0,2N Illi{‘[rii, gﬂj& citrate + citrate +
: EDTA KCN
Vang ppt | Vangppt | Vangppt | Vang ppt
A ML a n.
© X) X) X) X) b
Al n.p’ n.p n.p n.p n.p
As(IIT) ML; Va(r%Ppt n.p n.p n.p n.p
Tréng
As(V n. n. n. n.
V) ppt(X) p p p p
vang ppt vang ppt | vang ppt | vang ppt
Au(lV n.
) (X) (X) (X) (X) P
Bi ML; hoac | dé cam ppt | dé cam n.p n.p n.p
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ML,CI X) ppt (X)
Cd ML, trang(X) trang(X) | trang(X) n.p n.p
Co(I) n.p n.p n.p n.p n.p
vang ddm | vang ddm | vang dam
Cu(II) ML, (%() : (%() : (%() : n.p n.p
vang ppt
Fe(I1I) ég()p p n.p n.p n.p n.p
vang ppt vang ppt | vang ppt vang ppt
Hg(II) ML, X) X) X) X) n.p
Mn(I1) n.p n.p n.p n.p n.p
Mo(VI) n.p n.p n.p n.p n.p
Ni n.p n.p n.p n.p n.p
Os ML, - - - - -
vang ppt vang ppt | vang ppt vang ppt
oM x ) (X) " ()
do nau ppt | d6 nau ppt | dé nau ppt | dé nau ppt
Pd(II) ML, (X) (X) (X) X n.p
vang ppt vang ppt | vang ppt | trang ppt vang ppt
Pt(IV ML
) S (X) () (X) ()
ML, hOéC | d
Re(VII) ML, vang ppt - - - -
do nau ppt | doé nau ppt
Ru(IIT n. t(X n. n.
(I1D) (X) (X) p ppU(X) p p
Sb(I1I) ML; Valgg()p Pt n.p n.p n.p n.p
: t
Se(1V) ML, Vﬂl’(l%)p p n.p n.p n.p n.p
Se(VI) n.p n.p n.p n.p n.p
van t
Sn(II) (if P n.p n.p n.p n.p
vang ppt vang ppt
Te(IV ML n. n. n.
Te(VI) n.p n.p n.p n.p n.p
vang ppt vang ppt | vang ppt vang ppt
TI(I ML n.
® (X) X) X) P (X)
U(VI) n.p n.p n.p n.p n.p
vang dam
\4Y% n. n. n. n.
V) ppt (X) p p p p
W(VI) n.p n.p n.p n.p n.p
trang ppt
Zn n. n. n. n.
(X) p p P p

a (X): két tia c6 thé chiét vao trong chloroform

b n.p: khong két tia xuat hién

¢ (Y): chloroform chiét c6 mau vang

d: khi khtr véi Sn(IT) hoac Ti(I1I)
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IX.6. THIOTHENOYLTRIFLUOROACETONE

U
Soyy ©
HL

CTPT: C8H5082F3
KLPT: 238,24
1. Danh phap

1,1,1-Trifluoro—4—mercapta—4—(2—thienyl)-but—-3—en—one, STTA, monothio—TTA.
2. Ngudn gbc va phuong phap tong hop

Thudc thir duge ding trong thuong mai. Piéu ché bang cach cho di qua khi H,S
trong dung dich acid ethanolic hydrochloric ciia 2—thenoyltrifluoroacetone (TTA).
3. Str dung trong phan tich

Dung nhu mét thudc thir chiét va thude thir sinh mau cho nhiéu ion kim loai nhe
4. Tinh chét ctia thudc thir

Thubc thif 1a tinh thé hinh kim ¢6 mau d6, nhiét d nong chay 61 — 62°C (hodc 72 —
74°C); d¢ hoa tan trong benzene va carbontetrachloride, tan khong dang ké trong
dioxane, DMF, va ethanol.Trong ba dong phan c6 thé c6, thi hau nhu ton tai hoan toan
o dang thioenol; pKa(SH) = 3,96, log Kp(CCl/H,0) = 3,49, (CHCIs/H,O) = 4,29, va
(C6H6/H20) = 4,30. Su hap thu quang pho ctiia STTA duoc minh hoa trong hinh 1 (A
max = 370nm; € = 1,60.10* trong xylene).

Tuong ty nhu céc thuoc thir thiol khic, n6 dé oxy hoa trong khong khi; vi thé
STTA duoc chira trong 6ng dang xylanh dudi nitrogen va noi lanh trong bong tdi.

Do hap thy

0,8

0,6
0,4_

0,2

350 , 400 450
Budc song nm

Hinh 1: Pho hip thy cua STTA va phtrc Hg ctia nd trong xylene.(1) thude thir 5.10°M,
£=1,6.10% (2) Hg-STTA (47ug Hg ),e = 3,0.10*.
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5. Phan (g tao phirc va tinh chét ciia phirc

STTA phan tng v6i kim loai nhe tao phuc chelate c6 mau do, kha bén trong khong
khi va d¢ hoa tan trong dung moi khong phén cue giong nhu C¢Hs, CCL hodc cac ether
dau moé khac, nhung khong tan trong dioxan, DMF, hoac C,HsOH. Tich chat vat 1y cua
mot vai phirc STTA duogc tom tat trong bang X.6.1. Gia tri Anwx cia STTA phu thude
vao kim loai va dung mai.

STTA su dung nhu la mét thuéc thir chiét va thudc thir tric quang cho nhjéu ion
kim loai nhe. Po hap thu quang pho cua phirc STTA va Hg(II)-STTA dugc bi€u hién
trong hinh 1

Can bang qua trinh chiét cua phirc kim loai-STTA dugce khao sat trén nhiéu dung
moi dé so sanh v4i qué trinh chiét cia TTA, mot s6 can bang dugc tom tat trong bang
X.6.2. Phurc Hg(1I), logf3, = 33,0 va logK«(CHCI3/H,0) = 19,6.

Mot s6 phuc cia kim loai véi STTA khong phan huy nhung thiang hoa va nhiét do
cua qua trinh thang hoa ¢ 1,3 Torr la cua Ni (185°C), Cu (II) (195°C), Pb (150°C), Zn
(150°C), Co(II) (140°C), Cd (165°C), va Pd (109°C). Chung duoc tach ra bang phuong
phép sac ky khi.

6. Tinh ché va do tinh khiét cta thuéc thir

STTA d& bi oxy hoa trong diéu kién ton trit thuong vi vdy ta phai 1am tinh ché trudc
khi dung.

STTA c6 thé lam tinh ché bang phuong phap két tinh tir C¢Hs hodc hoa tan trong
ether petroleum, chiét vao trong dung dich NaOH 1M, acid hoa tuéng nudc voi dung
dich HCI1 1 dén 6M, chi@t tro lai trong ether petroleum, va lam bay hoi dung moéi dén
khi thu nhan duogc tinh thé mau do .

_ D9 tinh khiét dugc kiém tra bang cach chay TLC trén cot Silicagel (0,5mm) véi
hon hop cia chloroform va n—hexan (3:7) lam dung moi rira giai.

Xac dinh S 1a tiéu chuan khac dé danh gia d6 tinh khiét.

7. Ung dung trong phan tich
Thudc thir tric quang:

Mot vai vi du dlen hinh vé dung STTA 1a thudc thir trong phép tric quang cho mdt
s6 kim loai tom tat trong bang X.6.3. Tinh wu viét ciia STTA 1a thudc thir tric quang
c6 tinh chon loc voi ion kim loai nhe. Tuy nhién do h:ap thu phan tir khong cao (103),
peak hép thu cua phirc bi xen phu boi peak cua thuoc thu ty do (hinh 1), luong du
thuoc thur (;(’) thé chiét trd lai trudc khi dem do quang hoac theo doi va lya chon budc
song cho to1 uu.

Thubc thir chiét:

STTA c6 thé tach hon hop ciia nhiéu kim loai bang cach chiét, két hop pH thich hop
trong pha nudc. Vi du Co(Il) va Ni ¢6 thé chiét dinh lugng 6 pH = 5,5 — 6,0. Sau d6 Ni
duoc chiét trd lai trong tuong nude 6 pH =1,5, Co van nam trong tudng hiru co.

Hon hop Fe(Il), Fe(Ill) va Cu(Il) chi ¢c6 Cu méi chiét duoc trong dung dich
Cyclohexane cua STTA tai pH = 2 (acetate). Sau d6 Fe (I1),(IIT) dugc chiét tai pH =5 —
6 , vO1 sy ¢O mat cua pyridine va hydroxylamin nhu Fel 2.
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St dung phdi tir tro thi thudng c6 hiéu qua cho viéc tach nhiéu ion kim loai ma
gia tri pHy, kha gan. Viéc tach Zn va Cd bang chiét STTA la rat kho khan, gia tri pH,»
(5.10° M trong dichloroethanol) cta Zn va Cd lan luot 14 4,5 va 4,9. Tuy nhién, khi c6
2,2-bipyridine chi c6 Cd duoc tao thanh dang CdL,. Sy chiét tot nhat cua Cd & pH =
3,6 (voi NaCl 0,1 M) hodc pH = 3,0 (véi NaNOs)

Ung dung khac:

STTA tach ion kim loai bang nhiéu cach khac nhau nhu chiét phan doan, thang
hoa, TLC, phuong phap sac ky khi, sic ky 1ong trén cot polystyrence. N6 con duge dé
nghi 1a thudc thir chiét cho viéc xac dinh ion kim loai ning bang phuong phap phd hip
thu nguyén tu.

8.Mot s6 chat co cau tric tuong ty voi thude thir
Dan xuat Monothio ctia p—diketone:

Monothio 1a dan xuit cua p—diketone c6 thé dugc diéu ché, danh gia 13 thudc thur
chiét chon lgc va 1a thuoc thir chiét trac quang cho ion kim loai nhe.

Monothio—acetylacetate, monothio—bebzoylacetone, monothio—dibenzoylmethane
monothio—benzoyltrifluoroacetone, va 3—thionaphthoyltrifluoroacetone la nhirng vi du.

Monoseleno 1a din xuit ciia TTA, selenoylacetone, selenoyltrifluoro acetone c6 thé
dugc dung lam nghién ctu.

Bang X.6.1: TINH CHAT CUA PHUC KIM LOAI VOI STTA

Hop chit | Mau ciia dung dich | Amax (nm) | & (x10°) Ammax (NM)
HL bo 355 8,45 —

NilL, Nau — doé 358 7,75 373,450
Cul, Olive — xanh 338 5,60 400
ZnlL, Vang — xanh 374 4,22 395
Col, Nau — den 362 7,52 375
PbL, Cam 345 3,70 373
CdL, Vang 364 4,35 383
PdL, Nau — do 369 6,95 415
Hgl, — — — 370

Dung méi C;HsOH, xylene.

IX.7.THIO-MICHLER’S KETONE
1. Danh phép
4,4’—Bis(dimethylamino)thiobenzophenone, TMK.
2. Ngudn gbc va phuong phap tong hop
Co trong cong nghiép. N6 duoc tao thanh bdi phan rng ctia Auramin véi HsS.
3. Str dung trong phan tich

St dung nhu 1a mot thude thr tric quang c6 d6 nhay cao véi Hg, Pb va nhiéu kim
loai quy.

5. Tinh chét cta thudc thir
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wavelength

O dang tinh thé bot mau do t6i, diém nong chay 202°C, khong tan trong nudc,
nhung hoa tan trong alcohol tao thanh dung dich c6 mau vang dam (Amax = 457nm; € =
2,92.10" trong n—propanol 30%). Dung dich cua thudc thir ciing nhu phirc ciia né nhay
cam véi anh sang, nhung dung dich n-propanol cé thé giir duoc 40 ngay trong bong t6i
tai nhiét d¢ phong.

6. Phan tng tao phirc va tinh chét cua phire

TMK dau tién duoc chép nhan nhu mét chét chi thi trong chuan d6 Hg véi dung
dich NaCl chuan, nhung gén day né dugc xem nhu mot thude thir tric quang cho Hg
va mot s6 ion kim loai nhe, nhu 1a Au va Pb. Nhitng ion kim loai d6 phan g véi
TMK tai pH = 3 trong mgt mirc do trung binh cua nudc alcohol tao thanh phirc mau
do—do tia, phirc ndy co thé dugc tach ra trong iso-amylalcohol. Nhimg phan tng vai
nhirng ion kim loai nay cé thé duoc viét nhu sau, trong d6 n 1a 2, 3, 4 ung vdi Au,
Hg(II) va Pb(II).

N(CHs), N'(CH3), N'(CHs),
C=S C=S+M C=S—M/n
N(CHj3), N(CHz3), N(CHj3),

Tuy nhién, nhiing s6 d6 thuong khéng chi ra sy két hop cua phire, boi mot phan
thudc thtr mat di do su oxi hod véi ion kim loai cling c6 thé xay ra (Au(Ill) —Au(l)).

Sy hép thu quang phd cua thudc thir va phirc Hg dugc mo ta trong hinh 1 (e =
457nm; & = 2,92.10%).

1.0}
! 2
hap
thu
’ 01 i 1 l B S— |
328 400 500 600 700 800

Budc song
Hinh 1: Phé hap thy cta thuéc thir va phtrc Hg trong n-propanol hé nudc (30% thé tich
n—propanol). (1) thudc thur, 5.10°M; (2) Phirc Hg(11),5.10°M, pH = 5,8.

Nhimg phirc v6i Hg(Il) va Pb(II) thi qué bén dén ndi ching khong bi pha huy boi
EDTA. Do d6, EDTA co6 thé duoc dung nhu mot tadc nhan che c¢é hi¢u qua trong vi¢e
xac dinh Hg va Pb vai thude thur nay.

7. Su tinh ché va do tinh khiét cta thude thu
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TMK c6 thé dugc tinh ché bang cach két tinh tré lai tir ethanol néng hodc tritrating
vo1 mot lvong nhé chloroform, sau d6 loc va rira vé1i ethanol lanh.

Do tinh khiét cua thude thir co thé duoc kiém tra bang viée quan sat sic ky 1op
mong trong hdn hop cta alumina va silicagel (1:1) v6i benzene 1a chat mang. Mdi chat
tinh khiét s& tao thanh mot diém.

8. Ung dung trong phan tich

Ung dung chinh ctia TMK 14 trong phuong phap tric quang xac dinh Hg va mot s6
ion kim loai nhe. Viéc do quang c6 thé tién hanh ngay trén dung dich nudc alcohol
hodc sau khi chiét voi alcohol tinh khiét. Nhing vi dy nay dugc téng hop trong bang
X.7.1. D6 nhay dbi voi Hg la thé hién cao nhat trong cac thudc thir thuy ngan, do nhay
ctia Sandell 1a 0,0013 dén 0,0023pg/cm? (e = 15,1 dén 8,8.10%) voi TMK, trong khi
chung 13 0,003 dén 0,004ug/cm2 (e=6,7 dén 5,0. 104) vé6i Dithizone.

TMK ciling dugc str dung nhu la thudc thir dé nhan ra cac ion kim loai, nhu 1a Pb
(do—do tia; do loang gioi han 1:107), Hg(Il) (xanh—xanh la; d6 lodng gioi han,
1:5.106), Ag (d6—d¢ tia; dO loang gidi han 1:5.106), Cu(I) (cam—hong; dd loang gidi
han 1:106), Au (xanh—d¢ tia; d0 loang gidi han 1:106), va Pt (do—do tia).

Bang X.7.1: UNG DUNG CUA THIO-MICHLERS KETONE

NHU MOT TAC NHAN TRAC QUANG

Phurc

Ion . c Dung
kim bicukién | Tile | Ama(nm) 4 moi Chuy

: (x10%) A
loai chiét
Ag pH 3,0 - 520 8,85 arllng chon loc thap

PH3.0. 1y o] sas - -
50% .

Au(IIT) alcohol. pH nuoc ’

20 PRI 12| 545 15,0 khong sai sé véi EDTA
pH 3,2, 20- ,

Hg(1I) 60% 1:3] 560 1,7 | nuse | EPTAduocsudung
alcohol nhu 1a tdc nhan bao vé
pH 5.8 0,007—-1,5ppm, do chon

” . loc cao voi Hg, Ag
0 _ . ¥ ’ s
Hg(II) ;r(()) 5)3:1101 1:1 560 15,1 nudc Au(IIT), Pb(IT), va
Sn(II) anh huong
) Iso—

Hg(II) pH 3,2 1:3 550 8,8 AmOH —

Pd(II) pH 3,0 1:4 520 21,2 nuoc —

. Iso— EDTA duogc sir dung

Pdan | pH30 )14 ) 52001 160 1 410K | nhu 14 tae nhan bao vé

n— Ag, Au, Hg, Pt, Rh, Ru,

Pdl) | pH238 520 1301 gion va TI anh hudng
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CHUONG X:THUOC THU KHONG VONG
X.1.TRI-N-BULTYL PHOSPHATE

CH3(CH2)30\ CTPT: C12H27O4 P
CH3(CH2)307 P=0O
CH;3(CH,);0 KLPT: 266,32
1.Danh phép
TBP.

2.Ngudn gbc va phuong phép tong hop
Trong cong nghiép, TBP 1a chat dé& tim.
TBP duoc tong hop tir cac phan tng giira n—butanol véi POCL.
3. Ung dung trong phan tich
TBP duoc sir dung rong rai nhu 1a mot thude thir dung moi dé chiét tach cac ion
kim loai da hoa tri.
4.Tinh chét cua thudc thir

Thudc thir organophosphorous ¢ thé dugc xem nhu 1a cac din xuét cia acid
H;PO..

TBP lan dau tién dugc biét dén vao nam 1949 nhu 1a thude thir dung moi dé chiét
cac ion kim loai Ce, Th, va U tl‘l’7 dung dich acid nitric, m(f)t, so loai thuéc tha
organophosphorous con dugc dung dé sir dung nhu Ia tac nhan chiét. Viéc chiét cac ion
kim loai v&i thuoc thir phosphorous dya trén viéc tao thanh mudi solvate nhu
UO,(NOs)(TBP), thong qua nhoém P=O0.

Céu trac TBP thay doi tir (1) dén (4) 1a két qua gia tang sy phan cyc cua nhom
P=0, lam gia tang kha ndng chiét. TOPO (4) 1a thuoc thtr rat anh hudng dén viéc chiét
trong nhém nay.

Su thuy phan trialkylphosphate (1) cho ra monobasic diester (5) va dibasic
monoester (6), nhimg chat nay c6 nhiéu ng dung quan trong trong hoa phén tich. Vi
du: di(2—ethylhexyl) phosphoric acid (HDEHP) dugc dung nhi€u lam thudc thu dé
chiét cac cation.

Theo d6, TBP, HDEHP va TOPO s¢€ dugc xur 1y tach riéng.

Tinh chét vat Iy caa TBP:

TBP la chit long, sét, khong mau; nhiét do soi: 152~°C - 154}"C; d4: 0,975;np =
1,4215; tan it trong nudce (4,2 /100 ml, 16°C) va tron lan hau hét véi cac dung moi
hiru co.

Dung méi phan cuc khong thich hop dé pha loang TBP khi chiét boi vi no gay anh
hudéng manh gitta cac phan tir trong dung moéi va lam gidm khéa nang chiét cua TBP.
Nhirng dung moéi khong phén cyc nhu CCL, kerosene, iso—octane va benzene thuong
dugc dung pha lodng TBP dé di€u khién kha nang chiét va do nhét cua tudng hiru co.
Ty s6 D (CCl/H,0)=2.10",102°C (tai HNO; 1M dén 12M va 0,00732 M TBP).

5. Qua trinh chiét v6i TBP
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Viée chiét cac ion kim loai v6i TBP thuong thuc hién trong moi truong acid manh
voi1 acid HCl hoac HNOs. Vi dy, Fe(Ill) duoc chiét 1an lugt dudi dang H[FeCl4«(TBP),
va FeCLi(TBP); tir HCI 6 va 2 M tuong tGmg. Do d6, sy thay d6i méi truong acid anh
hudng rat 16n dén kha niang chiét. Viéc gia ting mdi truong acid ciing ¢ thé 1am giam
su thuy phan cta cac ion kim loai da hoa tri, két qua 1a kha nang chiét cao hon.

Trong viéc chiét UO*" tir dung dich acid nitric, phan tmg c6 thé viét nhu sau:

2U0* +2NO; +2TBP, @&k UO,(NO,), (TBP)

2org

_[vo,(No,),(TBP), ]

org

" [uo* T [No; T [TBe|,
Hing s6 phan ly ctia U(VI) ¢6 thé duoc viét nhu sau:

o [vo,(NO; ) | 1;BP)2 Lg kN0 | TBR[
[UOZ+] org

Kha ning chiét TBP c6 thé duoc cai thién bang cach ding nong d6 TBP cao hon va
néng do 1on nitrat cao hon, qua trinh chiét dugc thuc hién & tudng long. Cac mudi
nitrate nhur NaNO; hodc AI(NOs); thuong dugc dung dé 1am ting kha ning chiét. Cac
mudi nay hoat dong nhur 14 cac tic nhan gay két tua.

Hang sb phan ly clia cdc nguyén t6 trong qua trinh chiét TBP khong pha lodng tir
dung dich HC1 hoic HNOj; trong méi truong acid khic nhau duoc tong hop trong bang
XL1.1. Khi chiét tir dung dich HNO;, TBP cong gdp véi acid nitric tao thanh (TBP
HNO:), két qua 1a 1am giam kha ning chiét vi ndng d6 TBP giam. Viéc tiép xtic 1au dai
cia TBP véi cac dung dich acid 1am cho mét phan TBP bi thuy phan, dé 1a nguyén
nhan lam thay d6i tinh chét chiét ciia TBP. Trong dung dich HNO; 70%, kha ning cong
g0p cua TBP bi cham lai ¢ nhiét d§ phong.

TBP ciing dung lam tuong trg cho su chiét phtrc kim loai vong cang bio hoa phdi
tri khong mang di¢n tich, vi du bang phan ting dudi day:

L™ +3HL+2TBP,, 8 &% Ln(L),(TBP), +3H"

2or;

Ln** va HL dai dién cho ion lantanic va B-diketone twong ung. Gia tri cua K., d6i
vo1 mot vai f—diketone dugc tong hop trong bang X1.1.2.

TBP ciing duoc dung 1am pha tinh trong phuong phap sic ky pha dao xac dinh cac
1on kim loai.

6. Tinh ché thudc thur

Céac chat giy nhiém chinh trong san pham la cic chat hitu co pyrophosphates,
mono— va dibutylphosphates va butanol, c6 thé xt Iy bang cach cho phan tmg v6i HCI
8N sau d6 phan tng v6i dung dich NaOH 0,4% néng hoic Na,CO; 5%, cubi cing lip
lai v6i nude nhiéu 1an. Mau am duoc 1am kho ¢ 30°C du6i chan khong.

Bang X1.1.2: SU TRQ CHIET OF CAC NGUYEN TO PAT HIEM
VOI B-DIKETONE VA TBP TRONG CYCLOHEXANE

244



Thudc thtr chiét?
HFA-TBP TAA-TBP FHD-TBP
Ion kim log B> log Kex log B> log Kex log B> log Kex
loai
Eu 10,84 5,05 — -2,22 10,00 10,06
Nd 10,50 4,35 — -2,77 9,96 9,95
Tm 10,76 4,63 — -2,62 10,20 10,47
a: chu yéu cho p—diketone;
HFA: Hexafluoroacetylacetone;
TAA: Trifluoroacetylacetone;
FHD: Decafluoroheptanedione
5o [ML,(TBP),] [ML,.(TBP),] [H°]
©[me) [TBP)’ = [ M |[HL) [ TBP],

X.2.TRI-n—OCTYLPHOSPHINE OXIDE
CTCT
H—C8H7
n—C8H7> P=0O
H—C8H7
CTPT C14H51OP
KLPT: 386,65
1. Danh phép
TOPO
2. Ngudn gbc va phuong phap tong hop
Thudc thi nay c6 gia tri vé mit kinh t&. N6 duogc diéu ché tir sy oxy hoa trioctyl
phosphine v6i acid nitric (HNOs) hodc tir phan Umg Grignard ctua octyl bromide véi
POCL;
3. Ung dung trong phan tich
TOPO dugc dung phd bién nhu 1a mot phdi tir khong mang dién cho qua trinh chiét
cac dang phuc kim loai khong bao hoa phoi tri.
4. Tinh chat cta thuéc thir
Thudc thir nay & dang tinh thé khong mau, nhiét do nong chay 59,5 — 60°C. No bén
trong khong khi va c6 thé dugc cat gitr nhiéu thang ¢ nhiét do trong phong ma khong
bi hu hong. TOPO dé dang hoa tan trong cyclohexane (35,6 g/100ml, 25°C) va nhiing
dung méi hitu co khac. N6 co thé dugc tinh ché dya vao qua trinh két tinh lai tur
cyclohexane.
5. Sy phan Gng véi céc ion kim loai

Céc trang thai oxy hoa ctuia nhitng ion kim loai hoéa tri III, IV, V va VI co thé duoc
chiét tir hydrochloric (HCI) hodc acid nitric (HNOs)véi dung dich TOPO trong dung
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moi tro nhu 1a Hexane (C¢Hys), Cyclohexane hodc Toluene (CsHs). Phan dung dich
chiét ra duoc xem nhu 13 qua trinh solvat hoa chloride (C1) hodc nitrate (NO3), va
pham vi chiét thi phu thudc nhiéu vao moi truong trung tinh hay acid. H¢ s6 chiét cua
nhiéu kim loai trong qua trinh chiét bang thudc thir TOPO tir HCI va HNO; thi dugc
tom tat trong bang X1.2.1.

Khi ndéng d6 acid cao hon, thi TOPO trong dung méi hiru co ciing chiét acid tir
TOPO. HA hoic TOPO.2HA, do d6 hé s chiét cia kim loai giam dua vao nff)ng do
acid. Khi ndng do cac acid 1a 2M thi kha ning chiét cta cac acid s& giam dan tir HNO;
> HCIO4 > HCI. Tuy nhién, viéc thém vao nhiing mudi kim loai (vi dy, KNOs trong
qua trinh chiét tr HNO;) dé nang cao hiéu qua chiét kim loai bang nhiing phan tng
mudi—kim loai, nhu duge vi du & hinh 1.

10°
| A 0.0Im HNO,

— 0.05M HNO,

0.1M HNO,
0.15: HNO,

10"+

Hinh1: Chiét kim loai véi TOPO tir
dung dich HNO, & nong d6 NO* khac

nhau.

D

0.25M HNO,

> k_' 0.am H:‘\:{){
s N )

| \ ff,\” ——
d T
10" | | | |

1 2 2 4

Thudc thir TOPO ciing duoc dung nhu mot loai phdi tir phu khong tich dién dé cai
thién qua trinh chiét thi duoc goi 1a “phtrc kim loai khong mang dién chua béo hoa
phéi tri”. Nhur vay hi€u qua (synergistic) cia TOPO c6 the dugc tim thay thudong xuyén
trong viéc chiét cac ion kim loai da héa tri, cac nguyén t6 dat hiém, cic ion quang hoa.
C6 mot vai vi du dugc trinh bay trong bang XI1.2.2

5. Nhiing thudc thir khac c¢6 quan hé vé cau triic véi TOPO

Tri-—n—butylphosphine oxide , TBPO:

Cong thure phan ti: (n—C4Hsy);Po hay C,,H,,0OP

Khéi lwong phan tir: 218,33

N6 1a chat ran ngadm nudc khong mau, nong chay 62 t6i 64°C; diém soi tir 127 t6i
133°C tuong ung voi (1 torr), va do hoa tan trong nudc khoang (5,6g/100ml, 25°C,
nhung d6 hoa tan nay tdng hay giam tuy thudc vao nhiét d9) va trong cung dung moi
hiru co. BJ hoa tan cua nudc trong TBPO 12‘1‘37,5 g/100 ml & 25°C. CQn do hoa tan cua
toluene trong nudc 1a 3,8 khi HCI 0,5N va bang },0 lghi HCI 1,04N, bang 1,92 khi HCI
2,07N. Néi chung, TBPO ciing c6 nhing tinh chat giong nhu TOPO va dung trong viéc
chiét kim loai. Vi¢c chiét nhi€u ion kim loai tr HCI v6i dung dich TBPO 1% trong
toluene thi da dugc nghién ctru.

Bang X1.2.2: MOT VAI Vi DU CHIET TRQ PHUC VOI TOPO
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Ton kim loai Diéu kién Dung moi chiét Cht y
Actinides HNO; 0,1-0,5M, Benzene hoac chiét Am, Bk,Cf,
BMPB 0,05M cyclohexan Cm[Ac(PMBP);.(TOPO)
]
Co(I) pH 5-9, BPAhoic | Hexane hoic Chiét nhu 12 Co(p-
B-diketone cyclohexane diketone),. TOPO;Cu, Fe,
Mn, Ni, citrate, EDTA
anh hudng
Cu(I) LIX 54®(RH), Toluene chiét nhu 13 CuR,(TOPO)
NO;5
Li 4-Perfluoroacyl-5- Cyclohexane Tach tr Na
pyrazolone
Lu 1-Phenyl-3- Benzene Chiét nhu 12
methyl-4-aroly-5- LuR3(TOPO) va
pyrazolone LuR;(TOPO),
Mn(II) pH 4,75, HFA Cyclohexane Chiét nhu la
0,07M Mn(HFA),.(TOPO),
Mo(VI) HCI, HNO:;, TBP(X) Chiét nhu 1a
HzSO4 MOOzXz(TOPO)z
Ra(II) pH 4,6-8,5, TTA Hexane hoic Chiét nhu 1a
hodc PMBP 0,1M cyclohexane Ra(TTA),.(TOPO),
Re(VII) Cl — chiét nhu 13
ReO3CIn(TOPO)
Pt(IV) HCI Toluene Ko =3,6.10°
Ti(TV) HCI 7-10N, TTA 1,2- Chiét nhu 13
dichloroethane Ti(TTA)(TBPO)
/n HCIO, 1M, AA, CCly TOPO hinh thanh san
TTA hoac HFA pham cong 6n dinh hon
0,1IM TBP
TBPO thi dugc tng dung

Chu yéu cho cac tac nhan phic

O 0O o o O

Tris(2—ethylhexy)phosphine

C24H51OPZ

HFA : Hexafluoroacetylacetone

TAA : Trifluoproacetylacetone
TTA : Thenoyltrifluoroacetone

Khéi lugng phan tir : 386,65

TEHPO la mét dung dich nhot khong mau, c6 diém soi tir 205 t6i 213°C (2 t6i 3
Torr); d = 0,88 va la mot chat dé hoa tan trong tat ca cac dung moi hiru co. TEHPO ¢6
nhitng dac tinh twong ty nhu TOPO va n6 cling dugce dung vao viéc chiét kim loai.

6. Nhiing dic tinh khac ctia thude thir

oxide,

BPA : n—benzoyl-n—phenylhydroxylamine

PMBP : 1-phenyl-3—methyl-4-benzoyl-5—pyrazolone

TEHPO,
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Nhing céq trac chung thuong thdy ctia diphosphine oxides thi d& dugc nghién ciru
nhu 1a mot chat chiét kim loai.
_ |I|’— (CH,)n— l[l)_ n=2-6
O 0]
Nhitng phdi tir c6 lién két dbi thi co anh huong nhiéu trong qua trinh chiét kim loai
hon la viéc dung phosphine oxide don chat.

Tri—n-butylphosphine sulfide va triphenylarsine oxide da dugc nghién ctru nhu la
mot thudc thir phan tich.

X.3.DI 2-ETHYLHEXYL)PHOSPHORIC ACID
CTPT C16H3304P

KLPT: 322,42
(|3H2CH3 q
CH;5(CH,),—C—CH,—O+P—OH
}ll 2
1. Danh phép

DEHP, D.EHPA, HDEHP.

2. Ngudn gbc va phuong phap tong hop
Puoc sir dung trong thuong mai

3. St dung phan tich

Thudc thir duoc dung nhu 1a mot chét trao ddi cation long dé chiét tach cation. No
duogc dung nhu 1a pha tinh trong sac ky phan b6 pha dao.

4. Thudc tinh cua thube thir

N6 1a mot chat long nhot, d = 0,975, diém so6i = 155°C, no tan it trong nudc nhung
tan nhiéu trong dung mdi hitu co. Thudc thir nay dugc coi nhur 1a mét acid don chirc
yéu pKa = 1,4. N6 ton tai nhu 13 chit nhi hop trong dung méi hitu co khong phan cuec,
logk = 4,7 trong n—octane, nhung 13 mot chat don hop trong rugu, log Kp(n—
octane/nudc) = 3,3.

5. Chiét véi HDEHP

Dung dich HDEHP trong dung mo6i khong phén cyc nhu la heptan, octan, toluene
va CCly dugc dung dé chiét Ce(1V), Hf, Mo(IV), Nb, Sc, Th, Ti, U(IV), Zr va cac
nguyén to thudc ho Lantan va Actini trong dung dich HCI, HNO; va HCI1O..

Tém lai HEDHP ton tai nhu 13 mot chat nhi hop trong dung méi khong phén cuc va
dugc str dung rong rai dé chiét tach cac ion kim loai ¢ nong dg thap theo phan tng:

M™ +n(HL), 8% M(HL,) -+nH"

2or;

Do d6 kha ning chiét phu thudc kha cao vao tinh acid ctia pha nuéc. Tuy nhién tinh
chat chi ton tai ngay luc d6. Vi du nhu kim loai ki€ém thdé dugc chiét dudi dang
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M(HL,),(HL), trong dung dich benzene boi thudc thirt HDEHP, cac kim loai thudc ho
Lantan dugc chiét dudi dang MLs(HL); boi dung dich acid trong dung dich acid don
gian trong dung dich benzene hay heptan va Th dugc chiét duéi dang ThL,(HL,) boi
dung dich HC1O, hay HCI cua acid trung binh trong dung dich toluene.

Khi ion kim loai dugc chiét voi HDEHP trong dung dich rugu dugc cho boi phan
ung sau:

M™ +nHL_, 8&@& ML, +nH"’

norg

HDEHP t6n tai nhu 14 chat don hop.

Trong mot vai truong hop, HDEHP khong két hop véi tac nhan solvat TBP dé chiét
tach cac ion kim loai dudi dang MX,(HL),. Sy chiét cta Sc, Ti va Zr trong dung dich
acid manh nhu (Cl, NOs hay ClO, ) vi du nhu Ga ciing dugc chiét dudi dang
HGaCl,(HL), trong dung dich HCI xap xi 1M chita 50% CaCl,.

Hang s6 phan ly ciia ion kim loai trong qua trinh chiét v6i dung dich HDEHP 50%
trong toluene tir dung dich HCI véi nhiing néng do khac nhau duoc cho trong bang
X1.3.1. Ty s6 phan b ciing phu thudc vao ion kim loai trong tu nhién nhu (kich thudc
va tac dong ion), HDEHP va cac doéng dang khac cua diakyl phosphat ciing duoc tng
dung rong rai lam pha tinh trong sic ky phan b6 pha déo trong viéc tach cac nguyén t6
La vaAc.

Bang X1.3.1: HE SO PHAN BO CHIET ION KIM LOAI VOI 50% HDEHP

TRONG TOLUENE
Log D Log D
HCI (M) HCI (M)

Ion Kim loai | 0,01 0,1 1 Ion Kim loai 0,01 0,1 1
Ac 2,3 -0,8 -3.7 Pb 1,3 -0,7 -2,9
Ag 0 -1,0 -2,5 Pm 4 1,5 -1,5
Am 4 1,0 -2,0 Sb — 1,2 0,3
Bi — 2,2 -2,7 Sc 4 >4 >4
Cu 0 -1,8 -3,9 Sn — 0.5 -0,1
Fe 4 3,2 0,2 Th 4 >4 >4
La 4 1,0 -2,8 Tm 4 >4 1,2
Mo — 1,2 1,4 U — >4 3,1
Ni — -1,8 -3,0 Y — >4 1,3
Np — >4 3,3 7n 2 0,3 -1,7
Os 1 0,9 0,6 Zr >7 >7) >7)
Pa 4 >4 >4

6. Su tinh ché va d¢ tinh khiét cua thude thir

Nhiéu miu thuong mai thuong ’nhiém vbén voi ester don, polyphotphat,
pyrophosphate, 2—ethyhexanol va mot s6 chat ban mang tinh kim loai va né dugc lam
sach lai truge khi dung lam thude thur phan tich. Thude the HDEHP tho c6 thé dugce
lam sach bang vi€éc khuay voi dung dich HCl 16M ¢ 60°C. Khi mot chat khéng mau
duogc dung dé chiét, né co thé dugc lam sach qua muoi dong bang cach sau .

Lic dung dich HDEHP 0,5M trong toluene v&i mot lugng du dung dich’NaO‘H
10% hoa tan trong dung dich Na,SO,4 bao hoa trong 5 phut. Sau khi tach pha, lac phan
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hitu co véi luong du dung dich CuSO, 0,5M trong 5 phiit dé chuyén NaL thanh CuL,.
Lam c6 dic phan hiru co bang thiét bj c6 chan khong kiéu quay dén khi con 0,6 cta thé
tich ban dau, sau d6 xu Iy phan con lai voi luong du aceton dé dugc két tia CuL,. Sau
d6 rira két tia v4i acetone va sdy tiia. Xir Iy né voéi toluene va dung dich H,SO, 4M dé
dugc dung dich toluene cua HL. Rira 16p hitu co nay bang dung dich H,SO4 4M trong
vai lan dé loai dong, sau do6 rtra sach bang nudc. Cubi cung lam bay hoi toluene va
phan nuéc du thira trong chan khong.

Do tinh khiét cia HDEHP dugc xac dinh bang cach chuan d¢ dién thé v6i dung
dich ki€m chuan.

7. Quan hé cau trac véi thude thir khac
Dialkylphotphate (C,H,,).POs:

Phén 16n cac (C,Han),PO, duoc tmg dung dé 1am thudc thir dé chiét nhig ion kim
loai va bang nhiing may cam bién trong thé dién cuc ion chon loc. Mot s6 thude thir
duoc dién ta sau day:

[J Di(n—alkylphenyl)phosphate.

[J Aminoalkylphosphate acid.

[J a—Hydroxy—a—dibutylphosphonylpropionic acid.
Sulfur trong thudc thir ctia Organophosphorous:

Monothio— va dithio—alkylphosphate duoc Gng dung nhiéu trong thude thir dé chiét
chon loc. Mot vai vi du sau :

= n—butyl ether. RO S

: L P
Dialkylphosphoro—thioic acid rRO” “OH
R = n-butyl ether. RO_ o S
Dialkylphosphoro-dithioic acid RO” “SH
R =iso—octyl ether. RO

. . ROP=S
Trialkyl thio—phosphate e

RO

R = n—octyl, ether. R
Trialkylphosphine sulfide R -

(sulfur analogue of TOPO)

250



251



CHUONG XI:THUOC THU KHONG TAO LIEN KET
PHOI TRi
XI.1.THUOC THU OXY HOA NEUTRAL RED
CTPT: CsH,eN4.HCI
KLPT = 288,78.
Tén qudc té: 3—amino—7—dimethylamino—2—methylphenazine hydrochloride.

Neutral Red ¢ dang bot c6 mau xanh ddm nhung khi hoa tan trong nudc (4%) va
trong con (1,8%) s& cho dung dich mau d6 (Amex = 533nm, trong 50% ethanol). Ngoai
ra Neutral Red con tan dugc trong xenlosolve (3,75%) va ethyleneglycol (3,0%),
nhung khong tan dugc trong dung moi thom, pKa (NH") = 6,7.

Phan tmg oxy hoa khir cia Neutral Red c6 tinh thuan nghich va dugc khir vé dang
khong mau béi qué trinh oxy hoa khur ciia khong khi:

CH;

N NH
CH
(CH3),N NH, (CH3),N NH,
N NH

Mau doé Khong mau

Trong diéu kién khong khi ty do & pH = 5,3 dung dich Neutral Red khong c6 mau,
sau d6 phat huynh quang mau vang. Sy hinh thanh cua vat liéu huynh quang nay tuy
thudc vao pH cua dung dich (xay ra chdm & pH = 2,7 va gan nhu khong xay ra ¢ pH =
8,2). Chinh hién twong nay da gay ra sy thay doi that thuong mot cach nhanh chéng
ctia dién thé nén Neutral Red chi 13 chi thi khong bén trong day pH ma vat liéu phat
quang khong phu hop (E, = 0,240V, & 30°C).

D4i v6i nhitg din xuit cia azine co t}}é oxy hoa khur qua nhé nén no6 chi dugc
dung nhu chat chi thi trong qué trinh chuan d6 véi tdc nhan khir manh nhu Cr(ID),
Ti(IIT) va V(II).

XI.2.BRILLLIANT GREEN
CTPT C27H29N2C1.
KLPT =392,97.

HsCo ,.CoHs

N N
=L
=
C

Cr
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Pic diém: La mot chat bot mau xanh sang.

Tinh chét: tan trong nuéc (9,7g/100ml) dé cho ra mot dung dich mau xanh (Apex =
625nm, € = 10%). Cac loai monocation (R") ma anh hudng trong chiét suat ion doi sé
trdi hon trong 16p trung tinh vi n6 s& bién d6i thanh RH?' trong acid dé cho ra dung
dich mau vang d6 va thanh ROH trong kiém. Tuy nhién su bién d6i cua R* thanh RH*'
va ROH s& bji cham dé khi qua trinh chiét hau nhu két thic thi ta c6 thé biét dugc
khoang pH rong hon (2 — 8) khi qua trinh chiét duoc thuc hién ngay lap tirc sau khi
thém vao pham mau alcoholic.

XI1.3.THUOC NHUQM CATION RHODAMINE B
CTPT C23H31N203C1.
KLPT =479,02.

cr

Pic diém: Rhodamine B 1a chét bot tinh thé mau xanh t&i mau do tim.

Tinh chat: N6 dé tan trong nuéc (1,2g/100ml), ethanol va cellosolve cho dung dich
mau do xanh va phat huynh quang mau vang dam.

NOo tan it trong chloroform, acetone va HC1 1M (0,11g/100ml).

Trong dung dich benzene va ether, Rhodamine B ton tai ¢ dang lacton khong mau
va phat huynh quang mau xanh nhat.

Hscz:N o N:C2H5
EReeeas
C\O
|
C=0

Trong dung méi phan cuc nhu alcohol, acetone hodc nude, vong lacton mé dé hinh
thanh cdu tric (R+) ¢6 mau tim ddm (Apw = 553nm; € = 1,1.10%). Pic tinh quang phd
cta dung dich Choride (RH£CI), & Apax = 556nm; € = 1,1.10° cho RH" (6 pH =1 — 3,
c6 mau tim phat huynh quang mau vang) va tai A = 494nm; € = 1,5.10* cho RH,* (&
pH=-1-0, c6 mau cam).

Rhodamine B tao phirc v61 nhitng nguyén td: Au, Ca, Cd, Sb, Si, Mo, ...
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Vi du: Ta xac dinh Au bang phuong phap chiét quang phd, dung méi chiét 1a
benzene, thuoc nhudm cation la Rhodamine B & diéu kién HCI1 0,8N, NaCl da bao hoa,
hinh thanh ion d6i (AuCly)R", Amax = 565nm; € = 9,7.10°,

Céac thuéc nhudém Rhodamine khac:

Cong thirc cAu tao chung:

X N7
I:O:O\Qi >C,H;
X, c“ X Cl

[1 Rhodamine 6G: X1 = NH(C2H5), X2 = X3 = CH3

La chit bot mau hong hoi xanh sang, tan trong nudc (5,4g/100ml) cho dung dich
mau do tuoi va phat huynh quang mau xanh.

0 Rhodamine 3GO: X; = NH,, X, = CHs, X; = H, dang bot mau hong sang.
[J Rhodamine 4G: X, = NH(C,Hs), X, = X5 =H.

0 Rhodamine 3C: X; = N(C;H;s),, X; = X, = H, ethylester ciia Rhodamine B 1a chit
bot mau do tim, tan trong nudc cho dung dich mau dé tim va phat huynh quang
mau do nau.

Thudc nhudm nay la dan xuat ethylester ctia Rhodamine. Va trong dung dich nudc
n6 thuong ton tai cau tric R*, trong khi d6 Rhodamine B t6n tai dang RH" trong moi
truong acid (pH < 3). Trong mdi truong acid lodng twong dbi, mot proton thém vao ion
R* s& tao thanh ion RH*". Gia tri pKa cia RH*" duoc x4c dinh trong dung dich acid
sulfuric: pKa(Rhodamine 6G) = -1,1; pKa(3GO) = -0,4; pKa(4G) = -0,21; pKa(3C) =
-0,02.

XI.4.CAC MUOI AMONI BAC 4
1. Céc luu y chung

Céac mudi amoni bac 4 c6 mot hay nhiéu nhom alkyl mach dai déng vai trd quan
trong nhu 1a mgt thude thur phan tich.

Céc ung dung phan tich dya trén 2 chlrc nang cua cac ion amoni bac 4. Mt 1a dung
nhu mét thude thir dang cation trong su chiét cap ion cua cac kim loai nhu cac phic
anion. Thir hai 1a dung nhu thudc thir dang micelle cation trong phép xac dinh bang do
quang ham lugng cac kim loai.

Nhu trong trudng hop céc alkylamin mach dai, nhiéu loai mudi amoni bac 4 khac
nhau dang con duoc st dung nhu 13 cac thudc thir dang cation trong viée tach cac kim
loai. Cac ion kim loai duoc chiét nhu cac phirc anion ctia cac phdi tir vo co (CI', NOy,
SCN-, CN;, ...) hay cac phéi tir anion vo co. Nguoc lai ddi véi cac alkylamin mach dai,
viéc chiét klm loai c¢6 thé duge thyc hién & ngay ca méi trudng trung tinh hoic kiém,
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td1 mot chirng mirc ma phtrc anion tranh dugc sy thuy phan, vi ion amoni bac 4 khong
can proton dé tach anion. Can bang chiét v&i ion amoni bac 4 c6 thé dugc viét nhu sau:
(m-n)R,N+ClI'+ML?" 83 (R,N) _(ML,)"" +(m-n)Cl

Trong d6 ML,™ 1 phtrc anion cta ion kim loai (M™) véi phdi tir (L).

Kha ning chiét anh hudéng boi nhidu yéu td nhu trong trudng hop chiét alkylamin
mach dai. Bang XI1.4.1 thé hién anh huong cta cac dung mdi va cac ion amoni bac 4
lén kha ning chiét phtc sat(Ill)—pyrocatechol-4—sulfonate. Acid pyrocatechol—4—
sulfonic (HsL) c6 dang mot chit chelate anion tan mau d6 véi Fe(III) (Fe(HL)s*; Amax =
480nm) c6 thé dugc chiét v4i ion amoni bac 4. Qua trinh chiét dé dang hon néu ting
cac nhom alkyl mach dai cta cic ion amoni va ting hing sb dién moi cia cac dung
méi chiét. Qua trinh chiét s& hiéu qua hon véi cac ion amoni bac 4 ¢6 mach alkyl dai
hon. Cac dung méi sau dugc xép theo chiéu giam dan trong qua trinh chiét phirc Sn—
Pyrocatechol Violet:

(C16H33)(CH3)3NBI' > (C4H9)4NBI' > (C2H5)4NBI'

Céc ion amoni bac 4 c¢6 1 hay 2 nhom alkyl mach dai hoa tan tét trong nudc va
duoc xem nhu 1a chit hoat dong bé mit, trong khi cac ion amoni ¢6 3 nhom alkyl mach
dai hau nhu khéng tan trong nuéc nhung tan trong cac dung moi hitu co phan cuc hay
khéng phén cuc va chung dugc xem nhu 14 chat 16ng trao d6i anion.

Vé viéc lya chon qua trinh chiét cac anion hay cac phirc anion, qua trinh chiét n6i
chung s& dé dang khi gia ting kich thudc va giam dién tich. Tuy nhién van xay ra nhiéu
truong hop ngoai 16. Vi du trong phép chiét dung dich dichloroethane cua
trioctylmethylamoni chloride, khi lya chon phirc EDTA thi FeY(OH),> > FeY(OH)* >
FeY va VO,Y* > VO,HY?. Irving ciing d3 tim ra cac cach lya chon dé chiét phuc
anion cyano nhu sau véi tetrahexylamoni erdmanate trong MIBK:

M(CN), > Cl1O4 >> M(CN),* >> Fe(CN)s"

trong khi viéc chon Fe(CN)s 1a cao hon ClO, trong qua trinh chiét
trioctylmethylamoni chloride—chlorobenzene.

Bang XIL.4.1: ANH HUONG CUA CAC DUNG MOI VA CAC ION AMONI BAC 4
LEN KHA NANG CHIET CUA PHUC Fe-PYROCATECHOL-4-SULFONATE

(Hap thu ¢ 480nm)
Dung Hing | Trimetylbenzyl | Tetradecyldimethyl | Dialkylmonomethyl
moi sd dién | amoni chloride benzylamoni benzylamoni
moi chloride
CCly 2,23 — — 0,623
CHCL; 4,80 — 0,475 0,628
CH.CL | 10,36 — 0,655 0,625
CsHs 2,28 — 0,242 6,250
CsH.Cly 9,93 — 0,632 0,630
CeHsNO, | 34,82 — 0,585 —

* Ghi chu: pH: 9,9 — 10,1; Fe(III): 1,00.10*M; Pyrocatechol-4—sulfonate: 1,50.10°M;
muodi amoni bac 4: 0,010M; KCI: 0,10M.
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Do d6, nhiéu két qua thuc nghiém can c6 duge két ludn trén sy lya chon qua trinh
chiét trao d6i ion voi mu01 amoni bac 4. Tuy nhién gan nhu 1a kha ning chiét phu
thudc phan 16n véao loai mudi amoni béc 4 va loai dung méi dugc st dung.

Nhu nhan xét da duoc néq trén, cac muéi amoni bac 4 ¢6 mot hay hai nhom alkyl
mach dai dugc xem ghu 1a chat hoat dong bé mat, c6 dang 1a mot micell Quong O nong
do vura trén CMC (ndng dd micel té1 han). Cac phan ing tao phuic trén bé mat cua cac
micel duong thi hoan toan khac véi khi ching xay trong dung dich nudc don gian, tao
thanh mot chat chelate V(?i ti 1€ phoi th:?so \C(S’i kim loai‘ cao hon la trong hé nudc. Anh
huong nay thuong cho két qua 1a chuyén do61 huéng hong va su gia tang kha nang thu
hut phan tr gam cia cac phic chelate kim loai ¢c6 mau. Céac vi du s€ dugc trinh bay
trong nhitng muc sau.

2. Tam quan trong cta ciac mudi amoni bac 4 trong phan tich

Céac mudi amoni béc 4 thudng dugc str dung nhu 13 thude thir phan tich nhu:
Tetradecyldimethylbenzylammonium chloride (Zephiramine).
Cetyltrimethylammonium chloride (CTMAC) va bromine (CTMAB).
Hydroxydodecyltrimethylammonium bromide (HDTMB).

Dialkylmonomethylbenzylammonium bromide (AMBB) va chloride (AMBC)

O 0O o o O

Dodecyloctylmethylbenzylammonium chloride (DOMBC).
[J Trioctylmethylammonium chloride (Aliquat 336S).

+ Tetradecyldimethylbenzylammonium chloride (Myristyldimethylbenzylammonium
chloride, benzalkonium chloride)

CH;

|
CH3<CH2)15—1|V—CH2© o  C,H,NC
KLPT =368,04

CH;

C6 gia tri thuong mai, Zephiramine la mot cap do phan tich cua loai vat liéu nay.
N6 1a mot chat bot thom mau vang nhat hay khong mau, c6 vi rat dang va chira mot
luong nhé nudc. N6 hut 4m va tan nhiéu trong nudc, con va aceton, tan it trong
benzene va ciing hau nhu 13 khong tan trong ether. Dung dich nuéc 1a chét kiém yéu va
stii nhiéu bot khi lic. CMC 3,7.10“M hay 1,5.10°M. D (dung moéi hiru co/nuéc): 0,09
(benzene, toluene), 2,4 (1,2—dichloroethane), 11(chloroform), 0,10 (carbon
tetrachloride), va 0,53 (MIBK).

Mudi amoni bic 4 c¢6 thé duoc phan tich biang phuong phap chiét tric quang cip
1on bang cach st dung tetrabromophenolphthalein ethylester trong 1,2—dichloroethane
(pH 7,5; Amax = 610nm; € = 7,3.10%).

+ CTMAC (Cetyltrimethylammonium chloride) va CTMAB (Bromide)
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CTMAC (X = Cl).

CTPT: C_ H NCI.
CH, 19 42

| =
CHA(CHy) s N*_CH, | X KLPT = 320,00.
('3H3 CTMAB (X = Br).

CTPT: C._ H NBr
1942
KLPT =364,45.

La mot chat bot hat am khong mau co gia trj thuong mai, dé tan trong nudc, con va
aceton. Dung dich nudc sui bot manh khi lac. N6 cling 1a chat hoat dong bé mat tuong
tu nhu tetradecyldimethylbenzylammonium chloride va thude thur chiét cap ion, CMC
1.10°*M.

+ Trioctylmethylammonium chloride (Tricaprylmethylammonium chloride)

(?H2)7CH3 C H NCl
CH3-N-(CH,);CH; | CI =
(CH,),CH, KLPT =404,16

C6 gia tri thuong mai nhu Aliquat 336S hay Capriquat chira nhiéu phan nho dong
phan C10 va c6 khéi lwong mol trung binh 442. N6 1a mot chat dau nhét mau nau
vang, chtra lwong nho nudc va hau nhu khéng tan trong nudc nhung dé tan trong cac
dung moi hitu co thong thuong nhu kerosene (100g/100ml, 0 — 60°C); D(CsHsC1/H,0)
=10 ([CI']=10"M).

Hang s6 chiét trao d6i anion K. = ([QCHore.[XV[QX]ore: [CI]) durgrc cho trén h¢
nudc—chlorobenzene; log KerCl = 1,34 ddi v&i Br, 1,81 ddi voi NOy, 3,32 ddi vai T,
3,80 d6i voi PAR’, 4,47 d6i véi ClO, va 10,41 dbi v6i Fe(CN)s™.

Khi cac ion kim loai dugc chiét nhu céc phtre anion, kha nang chiét phy thudc
nhiéu vao noéng d6 cua acid. Hinh 1 minh hoa phan phu thu¢c acid cua phuong phap
chiét kim loai vdi Aliquat 336S.

Thudc thir ¢6 gia tri thwong mai c6 thé dugc lam cho tinh khiét bang cac budc sau:

Hoa tan 50g thudc thir vao 100ml chloroform. Lic déu dung dich v&i 200ml dung

dich xut 20% trong 10 phut va sau do la voi 200ml dung dich natri clorua 20% trong
10 phut. Rtra dung dich can bang véi lugng nhoé nude va loc qua gidy loc kho.
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3. Céac ung dung phan tich
Str dung nhu thudc thir chiét cap ion.

[J Céc phtrc anion c6 mau cao cé thé duoc chiét nhu mot cap ion vo1 ion amoni bac 4
dé chuyén vé dung moéi hitu co trong phuong phap tric quang sau d6. Cac phuong
phap chiét céac phtrc anion hiru co va vo co khac nhau dang dugc thuc hién va mot
sO vi du thanh cong dugc tom tit trong bang XI1.4.2

Str dung nhu mdt chét cation hoat dong bé mit.

0.6 -

Absorbance

4 f 1
400 450 500 550 600 650
Wavelength nm)

Hinh 2

Nhu phan trinh bay & trén, qua trinh tao phirc trén mit phan cach cta micel dwong
cho két qua 1a 1am ting d6 nhay phwong phép tric quang, do sy hinh thanh cta céac
phtc chelate kim loai v6i ti 16 phdi tir d6i voi kim loai cao hon. Hinh 2 minh hoa phd
hép thu ctia Eriochrome Cyanine R va cac phirc chelate Be cta n6 voi su c6 mit hay
khong c6 mat chat cation hoat dong bé mat (Zephiramine). Trong khi pho hap thu cia
thudc thtr ty do khong bi anh hudng nhiéu boi sy co6 mit cia chat hoat dong bé mat,
phtrc chelate Be do6 cho thay mot su chuyén dbi huéng hong ndi bat kem theo sy gia
tang cuong do hap thu. Két qua 1a do nhay cao hon voi it thude thir mau trang c6 thé
thuc hién duoc bang cach sur dung chat hoat dong bé mit cation. Mot thé tich 16n c6
thé duoc thuc hién trong linh vuc nay, va mét vai vi du dugc tom tt trong bang
XI1.4.3.
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XI.5.TETRAPHENYLASEN CHLORIDE (TPAC) VA CAC MUOI
ONIUM KHAC

— —
AS Cr C24H20C1AS
@ @ KLPT: 418,80

— L+Cl- —
1. Ngudn gbc va phuong phéap tong hop

C6 gia tri thwong mai; dugc tong hop bing sy phan Gmg cta phenyl magan bromua
voi triphenyl asen oxit.

2. Ung dung

La mot su két tia cac anion bang thudce thir, dic biét 1a cac anion oxo va cac phtrc
anion. Khi cac chat két tua nay duoc chiét dugc vao chloroform, no6 cling dang duoc su
dung nhu mot thude thir chiét cho cac anion nhu the.

3. Tinh chat thudc thir

TPAC thu dugc khi hydrate 2 14n hodc lam khan dén khi xuét hién tinh thé hinh
kim khoéng mau, diém nong chay tir 256 dén 257°C (hay 259,5 dén 261°C). Thudc thir
& thé rén thi on dinh. Thudc thtr dé tan trong nudce (0,99M, khir nude ¢ 25°C), tan tdt
trong chloroform (0,70M mudi khan). N6 polime hoa trong chloroform tao dime (B, =
[(LCI1),)/[LCI], = 163) va tetrame (Bs = 4,5.10°). Trong mdt phép do thuong, chi 16%
thudc thir 1 monomeric trong chloroform 0,06M cua dung dich TPAC.

Trong dung dich nuéc, TPAC ton tai dang monome, hing s phan ly va hing sb
phan ly ctia monome thu dugc la K = [L"}.{CI'}/[LCI} = 0,082 (L= 0,1, 25°C) va Kp =
(CHCL:/H,0) =3,7 (0= 0,1, 25°C).

4. Phan tng véi cac anion

Céc anion oxo va cc phtic anion twong d6i nhiéu dang tao béi cac mubi khong hoa
tan voi TPAC (vi dy cho, Ky(L.ClO4) = 2,6.10° ’va K, (L. ReO,) = 3,7. 107, 20°C), va
cac mudi ndy c6 thé chiét nhu cap ion vao chloroform hay giong cac dung moi phan

cuc nho. Tinh tan cia mot vai mudi TPAC trong dung mdi hitu co duge tom tit trong
bang XIL.5.1.

Trong moi truong tinh acid vua phai, nong d6 cation As khong lam anh huong
nhiéu bang ion hydro, dé cho ty s6 chiét thuong khong phu thudc pH. Tuy nhién, trong
truong hop cua cac ion oxo, ¢6 thé 1am cho proton sinh ra luc tinh acid cao, két qua la
ty so chlet giam di. Cung nhu trudng hop cua cac phirc anion, ndng d6 cac phdi tir
anion rat anh hudng dén ty sb chiét. He s6 chiét clia cac anion chung va anion oxo
khac vé d6 rong khoang pH duoc tom tat trong bang XI1.5.2. Sy chiét cac phirc chloro
dang dugc nghién ctu chi tiét nhu mot ham sé cia nong do HCL. Mot phan két qua
dugc trinh bay trong bang XI1.5.3. Su chiét ctia cac phirc anion khac nhu 1a phuec flo va
thiocyanat cling da dugc nghién ctru.
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5. Su tinh ché va d6 tinh khiét cua thube thir

TPAC c6 thé duoc tinh ché bang cach thém acid HCl ddm dic dén khi bdo hoa
dung dich TPAC dé két toa L.C.HCL.2H,0, sau d6 hoa tan két tia vao trong nudc,
trung hod bang Na,COs, 1am bay hoi cho dén kho hoan toan, chiét bang chloroform,
sau cung thi trong sudt, néu tir ethanol bang cach thém ether.

Dung dich TPAC tinh khiét cin phai sach va khong mau. Cac chit khong tinh khiét
¢6 thé cho dung dich duc mét chut ma c6 thé loc qua gidy loc sau d6 xur Iy bang Celit.
Do tinh khiét cia TPAC c6 thé dugc phén tich bang phuong phéap chiét chic quang voi
cac anion mang mau cao nhu chelate V-PAR (A = 560nm; € = 9,3.10%, 0,1 dén 5.10°M
TPAC).

6. Cac ung dung trong phan tich
0 St dung nhu thude thir chiét.

TPAC da dugc thira nhan rong rai nhu mat thube thir cap ion dé chiét kim loai.
Diéu kién phan ly ctia nhiéu nguyén té khac nhau c6 thé tim dugc trong bang XIL.5.2
va XI1.5.3. Néu anion ¢6 dd mau cao, nhu vay cac nguyén td co thé xac dinh duoc
béng cach do do hép thu quang hoc sau khi chiét. Vai vi du duge tom tit trong bang
XII.5.4.

O Sir dung hon hop.

TPAC dang dugc dung nhu mot thude thir dé két tiia cac anion trong phép phan tich
trong lwong, nhém phén ly hay xac dinh. Phép két tua c6 hiéu qua véi cac anion 16n
hon mot dién tir. Thong thudng, hé s chiét cac anion co tinh tan trong nudc thip ding
cho phuong phap két tiia dinh luong.

TPAC ciing dung dé chuan d6 cho phép chuan do két tia cac anion véi diém két
thic bang may do ampe hay véi su lya chon dién cuc anion.

7. TAm quan trong cua cac mudi Onium khac trong phan tich
[ Tetra phenyl phospho chlorua (TPPC).

— -+

N C H CIP

P Cr 247720

Q KLPT: 374,85

— L Cr =

TPPC 1a bot tinh thé khong mau, nhiét do nong chay 274 — 278°C va rat dé tan
trong nude. E1/2=—1,790V (KCl1 0,1M). TPPC ¢6 tinh chat twong tu TPAC trong phép
két tha va chiét cac anion va dang dugc dung cho cic muc dich giéng nhau.
Ksp(L.ClOs) = 4,6.10°°, K(L.ReOy) = 2,1.10° (20°C), va K(L.(CeHs).B) = 1,1 dén
1,4.10°%.

Heé sb chiét cua cdp ion TPPC trong hé chloroform—nudc thi gan gidng gia tri cta
cap ion TPAC. Céc gié tri E cho mét vai anion nhu 1a Cl” 0,18; Br 3,4; I' 60; SCN°
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>380; Cl0s > 100; BrOs 0,5; C1O,” > 200; MnOy > 300; ReO,” > 600; NO;™ 5,0; NO,-
0,1; va CrO4-: 25 (pH = 2,4), 0,05 (pH = 11,5).

Cip ion TPPC gian tiép tan trong chloroform nhiéu hon 1a cip ion TPAC tuong
ung.
0 Tetraphenyl stibi sunfat ((C¢Hs)sSb.2S0,) duoc biét dén dé chiét F- vao chloroform
hay tetra carbon chlorua.

[0 Triphenyl Selen Chlorua va trietyl telu chlorua.

Ca hai thudc thir déu 1 dang bot tinh thé khong mau ma dé dang tan trong nuée. Ca
hai chat cting twong tu do1 véi TPAC dung dé ket tia va chiét cac anion.

So vé1 cach dﬁpg nhu mot thude thir dé chié’t va két tia, cac thude thir con duoc st
dung nhu mdt thudc thir xac dinh Bi ma cho két tia mau d6 cam trong dung dich KI.
(gi6i han xac dinh 0,11g, gidi han pha loang 1: 9,5.10°.)

Vai mudi onium khac nhu 1a 2,4,6-triphenyl pyri chlorua va 1,2,4,6—tetra phenyl
pyri acetat dugc dé nghi lam thudc thtr giong nhu muc dich trén.

X1.6.1,3-DIPHENYLGUANIDINE
CTPT C13H13N3.
KLPT =211,27.

1. Tén goi khac
Molaniline.
2. Ngudn gbc va phuong phap cia su tong hop

Thuong mai sdn c6. N6 duoc tong hop boi phan tng cua Diphenylthiourea voi
ammoniac.

3. Ung dung trong phan tich

Dang c6 thém mét proton cua thude thtr (ion diphenylguanidium) dugc dung cho
viéc chi€t cap ion cua cac ion kim loai nhu cac anion phtrc tap. N6 cling dugc gioi
thiéu nhu 1a mot vat chat dau tién cho mot acid ti€u chuan.

Pic tinh cua thude thir:

La mot tinh thé khong mau, nhiét d6 néng chay 148°C (phan hiy & 170°C) va chi
tan it trong nudc nhung tan dugc nhiéu trong ruou, chloroform, benzene néng, toluene
néng. No ciing dé dang tan trong acid vo co lodng. Dung dich cua no (trong nudc) tan
manh trong dung dich kiém. Thudc thir & dang rin c6 thé dugc bao quan trong mot
chai thuy tinh c6 nat ddy dé khong bi hu, nhung thude thir & dang dung dich véi nuée
thi khong giir dugc 1au bdi vi thude thir sé bi thuy phén tao thanh urea.
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Céch thirc chiét v6i Diphenylguanidine:

Diphenylguanidine duoc xem nhu 13 mot nén tang khéa viing chéc, né ton tai dudi
dang Ion Guanidinium trong acid xem nhu 13 trung tinh. Phu hop véi tinh chat cua né,
thudc thir ndy c6 thé dugc dung nhu mét thude thir cation dé tach, chiét cac ion kim
loai & dang phurc anion mdt cach da dang va rong rai. Su chiét cap ion kim loai khong
chi dung dé tach kim loai ma con duoc dung dé do quang sau d6. O cong doan cubi
cing, mau rd rét cia ion dugc chiét véi ion diphenylguanidinium, tir thude thir khong
mau. Mot vai vi du dién hinh cta viéc chiét kim loai v6i thude thir dipheylguanidine
dugc tom tat trong bang XI1.6.1

XL.7.DIANTIPYRYLMETHANE
CTPT C23H26O3N4.H20.
KLPT =424,50.

1. Tén goi khac

1,1°’—Diantipyrilmethane; 4,4-methylenediantipyrine, DAM, DAPM, MDAP.
2. Ngudn gdc va phuong phap tong hop

Trong cong nghi€p n6 dugc tao bdi sy ngung tu cua antipyrine voi formaladehyde
trong HCL
3. Ung dung trong phan tich

Khi thém proton vao cdu trac cua thudc thir thi duwoc st dung gibng nhu nhing
cation khong ngam nudc trong chiét cap ion vdi nhiing anion phirc tap va da dang
trong qua trinh chiét. N6 thi hau nhu dugc s dung gidng nhu mét dang thude thur tao
mau cho phéan tng gitra Ti va mot s6 kim loai dé bi oxy hoa..
4. Tinh chat thudc thr

N6 ¢6 dang don tinh thé khong mau, nhiét do s6i 155 dén 157°C (v6i su phan huy)
va n6 khong tan trong nudc (0,04%) nhung dé hoa tan trong dung dich chloroform
(17,6%, 20°C), tan it trong dung dich benzene (1,7%) va carbon tetrachlorua (0,28%)
cho dung dich khéng mau. Thudc thur nay bén & trang thai rin ciing giéng nhu & trang
thai dung dich, né 13 mot bazo yéu va bi proton trong acid trung binh bdi nhém
carbonyl v6i 1 hodc 2 H', pKa(HL") = 9,96 (trong methylethylketone).
5. Cac dang ctia thudc thir phan tich
Thudc thir Diantipyrylmethane trong phan tich c6 2 dar}g, mot dang 12‘1, thudc thir cation
dang bi proton (HL" hodc H,L*") va dang thir 2 1a thudc thir mau phoi tri véi ion kim
loai de€ bi oxy hoa.
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0 Thubc thir dang cation:

Khi thudc thir bi proton thanh cap ion voi nhitng ainon phuc tap nhu CI, Br, T,
SCN, NOs  va CN" cung kim loai khac. Nhirng cap ion nay tan it trong nude, nhung céd
thé chiét vao dung dich chloroform hoidc didhloroethane. Cac dang nay dugc ding
trong phép phan tich trong luong cua kim loai va sy phan ly ctia kim loai bo1 dung moi
chiét.

Nhitng cdp ion ¢ trang thai phuc tap da dugc dung trong phuong phap phan tich
tI‘QI’lg lu’(mg la (HL)QCdX4, (HL)2COX4, (HL)QII'Xs, (HL)2R6X6 (HzL)HgX4, (HL)QOSX6,
(HL)BiX4 va (HL)T1X4, voi X khong c6 su hién dién cua Cl" ,Br ,I" hoac SCN".

Nhirng ion kim loai ma hinh thanh dang mach vong hodc dang phurc thiocyanat, cé
thé phan huy béi cdp ion chiét véi diantipyrylmethane tir ion kim loai khong tao phirc
anion. Vi du Bi, Cd, Cu(Il), Ga, In, Sb(III), Sn(IV), Te(IV) va TI(IIT) c¢6 thé chiét tir
HCI 2,5 — 3N; Bi, Cd, Pd, Sb(III) va Sn(IV) c6 thé chiét tr dung dich KI 3% di acid
hoa véi H,SO.; Hf, Mo, Nb, Ta, W va Zn c6 thé chiét tir HF 0,5 — 4N c6 chira H,SO,,
va Fe(I1), Hf(IV), Hg(II), Pd(II), Sc, The, Th, TI(II) va Zr ¢ thé chiét tir acid trung
binh trichloroacetic c6 chira H,SO,.

Mot vai vi du vé su tach chiét véi diantipyrylmethane dugc trinh bay & bang
XIL.7.1.

0 Thubc thir tao mau:

Mic du c6 ciu trac phdi tri chinh xac cia phirc chua dugc biét trudc,
diantipyrylmethane c6 dang phtrc mau véi mot vai ion kim loai dé bi oxy hod, nhu la:
Fe(Ill) (mau d6 cam; Apa = 450nm, € = 5,4.10%), Mo(VI) (mau vang nhat), Ti (mau
vang) va U(VI) (mau vang).

Phan tmg xay ra vdoi Ti(IV) thi ¢6 chon lgc cao va d§ nhay lon (HCI 0,5 — 4N,
[TiLs]*, Amax = 385 — 390nm; € = 1,5.10%, TiO, = 0,2 — 3ppm) hon vGi H,O,. Phirc nay
cling co6 thé chiét trong chloroform véi su c6 mit cia thude thtr hitu co phu hop hoic
anion vo co roi dem do quang.

6. Mo1 quan hé cau trac véi cac thuoc thur khac

Phén 16n cac dan xuét cua diantipyrylalkane thi duoc xem nhu 1a mot thube thir
phan tich. Mot vai vi du dugc trinh bay nhu sau:

L9

HC_ N_ 00 N

N\ /
N ¢ ¢ N

| | | |
C_C\ | /C_C

/
H;C (lj CH;
R

0 Diantipyrylmethylmethane(1,1—diantipyrylethane, R = CH;): thudc thir cho Sb(III).

0 Diantipyrylpropylmethane (1,1-diantipyrylbutane, R = CsH,): thudc thir cho Ir, Rh,
va Ru.
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0 Diantipyrylbenzomethane (o,0’—diantipyryltoluene, R = C¢Hs): thubc thir cho
Ti(IV) va V(V).

0 Diantipyryl-2—hydroxylphenylmethane (R = 0—CsH,OH): thubc thir cho Ti(IV).

0 Hexyldiantipyrylmethane (R = n—C¢H,3): Hau hét tan trong dung moéi hitu co, 54%
trong benzene va 66% trong chloroform.

[J Disulfodiantipyrylmethane(bis(1—-p—sufophenyl-2,3—dimethylpyzazol-5—onyl)
methane): Thubc thir cho Fe va Ti.

(] Dithioantipyrylmethane (4,4’—methylene—bis(1,5—dimethyl-2—phenylpyrazolin—3—
thione): Thudc thtr cho Au, Bi, Mo, Te, TI(II).

XI.8.NATRI TETRAPHENYLBORATE
CTPT: C24H20BN€L
KLPT = 342,22.

B Na*

1. Tén goi khac

Tetraphenylboron, mudi natri, Na-TPB, Kalignost, Kalibor.
2. Ngudn gbc va phuong phap tong hop

Thudc thir nay phd bién trén thi truong. N6 duge tong hop tir phan ung giita
phenylmagnesium bromide v4i BF3, sinh ra boi sy thuy phan khi c6 NaCl.
3. Ung dung

N}}u la mot ‘ghué)c thtr két tua cho ion kim loai kiém nang (K, Rb, Cs) va ion NH4",
bao gdm cac chat hitu co co ban.
4. Tinh chét cua thudc thir

O dang tinh khiét 1 nhirng tinh thé khéng mau, d& tan trong nudc (30g/100ml) tao
ra dung dich trong sudt. Né ciing tan trong methanol, ethanol, acetone va ether. Tuy
nhién, trong thuong nghiép mau bi hu héng thi c6 mau nau nhat va cho dung dich duc
khi tan trong nudc.

Thudc thir ran tinh khiét trong dbi bén va c6 thé giit duoc vai thang ma khong bi
phén huy khi dugce luu trong kho to1 va mat.

Thudc thir kém tinh khiét thi bi phan huy nhanh, cho mui dit trung ctia phenol va
biphenyl va.
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O dang dung dich thi bén ¢ pH = 7, nél,,l bao quan tranh anh sang tryc tiép (phan
huy 0,1% sau 9 tuan tai pH = 9,9), nhung rat dé bi phan huy trong moi truong acid vi
anion TPB thi bi proton hod tao thanh phenol, biphenyl va acid boric.

5. Phan ung véi cac cation
Ton TPB phan tng tao két tiia trang voi cac ion kim loai hoa tri mdt c6 ban kinh ion

lon (K, Rb, Cs, T(I) va Ag) va ion NH,', bao gdm nhitng amin va ion amoni bac bdn,
nhung mudi cta Li va Na thi d& dang tan trong nuéc.

Nhirng ion kim loai da hoa tri khong cho két tia voi anion TPB, nhung Cu(II) thi bi
khtr thanh Cu(I) va két tua v6i anion TPB duéi dang Cu(I)-TPB.

Nhitng hop chit Onium khac khéng phai ion NH," nhu PH,", AsH,", SbR,", BiH,",
=N=N, SR, ciing bi két tiia boi anion TPB.

Li-TPB tan it trong ether va chloroform nhung Na-TPB khon tan. B§ tan tang khi nhiét
d6 giam. Cac két tiia kiém nhu K-TPB thi bj hoa tan trong dung méi hitu co phan cuc
nhu acetone (60mg/ml trong acetone 95%; 42mg/ml trong acetone 100%; & 28°C),
dioxane, DMF, acetonitrile va pyridine.

6. Tinh ché thudc thr

Thudc thir phan tich thi c¢6 d6 tinh khiét tir 99,5% tré 1én.

Thubc thir rdn khong tinh khiét ¢6 the dugc tinh ché bang viée cho tai két tinh tir
chloroform hodc acetone, nhung hi¢u suat thap.

Déi voi dung dich da pha thi dem loc vi keo nhom hydroxide.
7. Ung dung trong phan tich
(1 St dung nhu mot thudc thir két tia cho kali.

Két tia cia mudi TPB ciing c6 thé dugc chiét vao dung méi hitu co nhu 1a
nitrometan, nitrobenzene va MIBK. Tinh chiét va gia tri logp (pha nudc 1la NaClO

0,1M, va Na-TPB 0,01M) trong hé nitrobenzene/nudc tang, nhu K (0,89), Rb (1,60),
va Cs (2,48).

lon TPB trong dung dich, cang ngay cang thip dan 10”° d&én 10°M, c6 thé xac dinh
bang cach quan sat sy thay d6i pho ctia pham nhudm cationic nhu 13 Rhodamin 6G &
budc song 525nm (chat dung dé nhudém len, lya) hoic Crystal Violet & budc song
590nm, n6 dugc tao thanh boi cap ion gifra anion TPB va thudc nhudm cation.

[J Cach str dung khac

Na—TPB duoc st dung nhu 1a mét thudc thur Nepherometric cho K va nhitng cation
¢6 hoa tri 1 khac trong nhiéu mau khac nhau, bao gf)m nguyén vat liéu sinh hoc va dat.
Diéu kién cho két qua xay ra (thuoc thir phai tinh khiét, ndng do K 16n, nhiét do, thém
nhing thudc thir khac, tiéu chuan vé thoi gian, va nhimg nguyén giao thoa): tat ca da
duoc nhiéu nha khoa hoc tim ra.

Phan tmg két tia voi ion TPB thi qua nhayma Na—TPB c6 thé duoc st dung dé phat
hién cép ca:[ion khéc nhau. M¢t vai vi du dugc cho trong bang XII.8.1. K-TPB ciing
dugc dé xuat nhu 1a hop chat hoat dong tao thanh trong dién cuc chon loc ion.

Bang XI1.8.1 : SU PHAT HIEN CUA CATION CUA TPB
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GH GH
Cation | P hAa t |G h~2_1n pha Cation p hfl t |G h~an pha
hién loang hién lodng
(mg) (mg)
Ag' 0,20 1:210,000 Aniline 2,9 1:14,000
Cs" 0,3 1:100,000 n-Butylamine 2,6 1:16,000
Hg" 1,1 1:40,000 di-n-Butylamine 0,54 1:78,000
Hg*>" 1,4 1:30,000 metylpyridylnium iod 0,15 1:28,000
K" 0,13 1:320,000 pyridyl 1,3 1:32,000
NH," 0,11 1:400,000 quinoline 0,97 1:43,000
Rb" 0,38 1:110,000 tetrametylamonium iod 0,32 1:130,000
TI 1,5 1:28,000 tetraphenylasonium chloride | 0,32 1:130,000

8. Thuoc thtr khac véi moi quan hé cau trac

0 Tetrakis(4—fluorophenyl)borate, mudi natri(2), X = F, Y = H, C»4H,,BF,;Na, KLPT =
414,19.

X
Y Y
Y Y
X B X | Na*
Y Y
Y Y
— X p—

N6 thudng duoc cung cdp mot dihydrate (NaL.2H,O, KLPT = 450,22). Hydrate 13
mot tinh thé bot trang dé tan trong nudc, acetone va methanol. N6 duoc sir dung nhu
mot tac nhan két tiia cho nhimng cation hoa tri 1 nhu 1a: K, Cs”, Pb", Ag® va TI". N6 dic
biét hiru dung cho viéc xac dinh su 6 mit cua Cs trong khéi lwong 16n Li, Na', NH,".

Tinh tan ctia mudi Cs* (g/100ml nudc x 10°) ty vao su khac nhau cta nhiét do
dugc hién thi nhu sau: 1,5¢g (5°C), 1,8g (20°C), 5g (40°C) va 43g (50°C). Thudc thir nay
duogc sir dung nhu mot tac chat phong xa Cs* trong nhitng mau thudc vé méi truong va
nhu 1a mét phép chuan do 2 pha — su chuin do cua nhirng chit hoat dong bé mit khong
thudc ion.

0 Tetrakis(4—chlorophenyl)borate, mudi natri (3), K-TCPB, X =
C24H16BCI4K, KLPT = 496, 1 1 .

Dang bot mau xam nhat, khong hoa tan trong nudc nhung tan trong methanol. Pay
la mot trong nhiing anion hoéa tr1 mot dién hinh va di dugc xem nhu 13 mot anion trong
moi truong trung tinh mang loai mang dién cuc ion. No cling dugc st dung trong
chuan d6 2 pha, phép chudn do ctia nhitng chat hoat dong bé mat khong thudc ion.

Cl, Y = H,
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O Tetrakis [3,5-bis(trifluoromethyl)phenyl] borate, mudi natri, dihydrate (4), thudc
thff Kobayashi, TFPB, X = H, Y= CF3, C32H12BF24N3.2H20, KLPT = 922,24

Loai bot tinh thé mau tréng dé tan trong nudc, acetone, dietylether va methanol.
Nguoc lai voi ion tetraphenylborate, anion TFPB thi rat 6n dinh trong dung dich acid,
n6 c6 thé gitr dugc 20 ngay trong H,SO, 0,05M. Cung voi thoi gian nay, TFPB c¢0 strc
hat 16n hon céac chat khac trong nhom cta chung. Chiét khong doi cua alkali tetraryl
borate di duoc tong hop & bang XI1.8.2. TFPB thi dugc xem nhu 13 ion trung tinh.
Loai dién cuc ion chon lya, né rat tot trong viéc chuyén ddi pha xuc tac trong phan tng
hiru co.

lon tetraphenylborate trong dung dich ngay cang thap dan, tir 10° dén 10°M, c6 thé
xéac dinh duoc bang cach quan sat su thay d6i quang phd ciia cationic pham nhudém nhu

la Rhodamin 6G ¢ budc song 527nm hodc tinh thé tim ¢ budc song 590nm nod dugce
tao thanh boi cap ion gitta anion ATTB va thudc nhudm cationic.

Bang XII.8.2: HANG SO CHIET CUA ALKALI TETRARYLBORATE GIUA NUGC

VA TOLUENE
Thudc tha |  Li Na K Rb
(1) 0,31 0,20 |>50b| 550b
) 0,35 23 1,0b | 1,3b
4) 2,510 | 1,3.103 | -b |-10b
3 b

XI1.9.CAC CHUOI ALKYLAMINE MACH DI
1. Nhan xét chung

Cac c;ttion ammonium c6 dugc tir nhiing amin bac 2 va bac 3, dugc thay thé véi
nhom chat béo thi quan trong cho viéc tach, chiét cac kim loai. Thong thuong cac kim
loai thuong duge tach tir dung dich acid nhu cac phirc anion hoa tan vao trong dung
dich cua alkylamine lan trong dung dich dung moi ctua oxy héa nhu MIBK.

lon kim loai, nhu Ag, Au, Bi, Cd, Co(Il), Fe(Ill), Ga, In, Ir(IV), Pt va Zn, thi tach
tir viéc hoa tan dang MCL,"™ dang phirc anion. LAy vi dy, & trang thai cin bang lién
quan trong viéc tao phirc cua Fe(IlI) tir viéc hoa tan trong dung dich HCI trong mo6i
truong dung moi clia cac amin bac 3 ¢6 thé duoc viét dudi dang sau:

R.N.HCI  +  FeCly - (R:NH}+ {FeCL}" + CI'
R3NHC1 + FGC14- = {R3NH}+ {FCC14}_. R3NHC1 + Cl-

HCI néng dd cao, hé s tach chiét co thé giém hinh thanh dang R3NHC1.HC1 hoac
RsNHCI,. Nhu truong hop trén cac dang muoi ki€ém chlorua dugc cdng vao goc CI.

’ Viéc h(‘)a} tan HNOj3, ion kim loai nhu Np(IV), Pu(IV,VI), TH, U(VI) va kim loai dat
hiém, co thé tdch & dang phtrc M(NOs),"™.

Viéc tach, chiét bang cac dung dich khac nhu H,SO, hay hdn hop HCI-HF ciing
tuong tu nhu trén.

Hé sb tach, chiét bi anh huong badi nhiéu yéu td. Su On dinh cua phtc anion kim
loai va dién tich trén phtrc anion Ia nhimg tac dong chinh cho sy khac biét trong kha
nang tao phirc cua kim loai. C6 nhiing gia thuy€t cho rang viéc tach cua anion la sy
tang kich thudc ban dau va gidm dién tich. Kha nang tach cac kim loai khac nhau cling

267



phu thudc vao bac amin va dung moi. N6i chung, cac amine bac 1 va bac 2 thi kha
nang tdch kém hon so vdi1 amine bac 3, cling nhu vay kha nang tao phuc s€ tang theo
do dai chudi mach ctia nhém alkyl va giam véi cac nhanh cta cac chudi alkyl.

Kha ning tao phiic ciing phu thudc vao ban chat cia dung moi. Mic du khong co
nhiéu hé thong thyc nghiém dé khai quat day di mdi quan hé giita tinh chét tu nhién
ctia dung mdi va kha ning tao phirc cta chung, nhimg két qua sau béo céo vé tach cia
Th tir dung dich HNO; 6M hoa tan 0,1M Tri—n—octylamin trong cac dung moi khac
nhau: CHCl;, D = 0,03; benzene: 0,04; toluene: 0,47; nitrobenzene: 0,60; CCl,, 1,0; n—
hexane: 3,7; kerosene: 4,6; cyclohexane: 4,8.

* Tri-n—otylamine: TOA, TNOA, KEX-L—83.
CTPT C24H51N.
KLPT = 353,67.

CH;3(CHy);
CH;(CH,)7—N
CH3(CHy);

Pay 1a chat diu nhét khong mau va khong tan trong nude, nhung dé tan trong cac
dung moi thong thuong. Ham luong vét (ppm—ppb) ciia TOA tan trong nudc cd thé
duoc xac dinh béng chiét cap ion voéi ion dichloromate tor H,SO, hoa tan trong
chloroform, x4c dinh bang phuong phap tric quang cta Cr(VI) trong hop chét hiru co
vo1 diphenylcarbazide.

7 Chat cung céip nhu Alamine 336 13 hop chat cua amine bac 3 v6i chudi alkyl mach
thang (thanh phan chinh 1a octyl va decyl) va chira 90 — 95% amine bac 3, khoi luong
phan tu trung binh 1392.

Viée chiét ion kim loai voi TOA tir nhitng acid khac nhau cho cac két qua khac
nhau va duogc trinh bay ¢ Bang XI1.9.1.

* Tri—iso—octylamine, TIOA
CTPT C24H51N.

KLPT = 353,67.
G g
H3C—$—CH2—$—CH2——N
CH; H

- -3

Pay 1a chit diu khong mau. Chat mang tinh thuong mai 1a hop chat amine bac 3
cua dimethylhexyl ( 3,5—; 4,5— va 3,4-), methylheptyl va mgt s6 chudi alkane khéc.

Gidng véi TOA, TIOA duoc sir dung dé chiét ion kim loai tir dung dich acid khac
nhau. Co ché hoat dong cua ion kim loai voi 5% TIOA trong xylene tur 0 dén 12N HCI
(28 — 29) 0 dén 15N HNO:; (4.22) va 0,IN H,SO, (4.23) duoc nghién ctru ti mi timg
chi tiét nho. Mot vai két qua 5% TIOA trong hé thong xylene-HCI duoc téng két ¢
bang XI1.9.2. Nhitng vi du dién hinh cta viéc tach cta kim loai bdi viéc chiét TIOA
duogc liét ké trong bang XI1.9.3.
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* Cac chudi mach di amine bac 2:

R,
| R1 :R2:CH3
Ri—C—Rs
| CH; CH;
HN\ | |
CHZ_ CH=CH CH2 C CH3 R3= CH2 C CH3
| |
CH; CH;
2 n
n=2
Amberlite LA -1
R,=R,=CH,
R,
| CH;
Rl _— C - R3 |
| R,= —CH, C —+CH,
HN\ |
CH,(CH,),,CH; CH;
n
n=2

Amberlite LA -2

Amberlite LA-1 (D* = 0,840) va LA-2 (D* = 0,830) la nhitng chat c6 mau ho
phach va do nhét gidng dau. Nhing chat nay déu c6 thé mua duoc nhu nhing gbe
amine tu do va duoc bao cio la nhitng hdn hop ciia cac amine trung binh chudi di, n6
c6 tong sd cac phan tir Carbon ciia R;, R, va R 1a tir 11 — 14. Khéi lugng phén tir trung
binh 372 (LA-1) va 374 (LA-2). Hai chit nay dé tan trong cic dung méi hitu co khac,
nhung khong tan trong nude, kha ning tan trong dung dich acid H,SO, IN 14 15 dén 20
mg/L cho LA—1 va gan bang 0 v&i LA-2.

Kha nang tach ion kim loai v6i 10% Amberlite LA-1 trong dung méi xylene tur
HCIl, HNOs, H,SO, dugc ki€ém tra day du ¢ cac muac do (28, 29, 30, 39, 42) mot so két
qua trinh bay tai Bang X11.9.4.

Nhitng amine con c6 thé dugc dung dé cd dinh bé mit cho sac ky phan bd va sac ky
gidy.

R,=R,=CH;,
R,
I CH,
HN- C—R, |
| R3: CH2 C CH3
R, |
CH;
n
n=4

Primene M -T
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La chat dau nhét ¢6 mau ho phach (D* = 0,845). La hdn hop cua alkylamine mach
dai, co tong sd carbon cua 3 gbc: Ry + R, + Rs tir 17 dén 23 va phén tr luong trung
binh tir 311 dén 315. D& tan trong cac dung mdi hitu c6 nhung khéng tan trong nudc.
Khé nang hoa tan trong H,SO4 1N 1a I50mg/L.

Hoat dong tach ion kim loai v&i 10% Primene JM—T trong xylene tir dung dich acid
HCI hay H,SO, dugc bao céo day du chi tiét. nhimg ion kim loai ¢ thé dugc chiét tir
dung dich HCI 1a : Au(Ill) ( 1 — 8M), Fe ( 8 — 12M), Sb(IV) ( 4 — 12M), va Pa, Se(IV)
(12M), Cd, Hg(Il), Tl va Zn (2 — 4M); tir dung dich H>SO, la: In, Y (0,05M), Am, Bi,
Ce, Eu, Hf, In, La, Lu, Mo, Nb, Np, Pa, Pm, Ru, Sc, Tb, Tc, Th, U, W va Zr (0,05 —
0,5M) va tir dung dich HNO; 1a Sn va U(IV).

Bang XI1.9.3: MOT SO Vi DU VE CHIET KIM LOAI VOI TIOA.
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Ionkim | Hudng dan Dung moi Dang tach | Kha nang tach va chu giai
loai
Am(IIT) 10°N HCI, Xylene hay lantanides | Tach 96-97% nhung kha
11,8M LiCl methylene nang tach cua Ce, Eu, Pr,
chloride Th, Y thap (nhiét d6 20°C
—35%)
Au 4-10N HCI CClL, Ir, Rh Chiét 100, dang
hay HBr (X = Au(X)s(TIOA)3, Amax (VO1
Br hay Cl) Cl) 325nm; € = 5,8.10°, A
max (VO1 Br 7)) 300nm; € =
4.10%,
Mo(VI) 0,01-0,1IN Dichloroethane - Dang tach:
HCI, 6M NaCl | 6M hay CCly MoO,Cl«(TIOA); hay
M04013(TIOA)2, téch
100%.
Np(1V) 4N HNO; Xylene Ir, Rh Tach 90% (25°C)
Pd HCI 4-6 N hay CCly Ir, Rh Tach 100%, Au, Pt gay tré
HBr CCly Pt ngai, Amax (V61 CI') 467nm;
4N HCI 6-8M £=1,4.10°, Anax (v6i Br)
LiCl hay 4N 345nm; £ = 9.10°%,
HBr, 10HBr Pt khong tach duogc khi co
su hién dién cua LiCl
10M, vé1 30% tach duoc
trong su hi¢n dién ctia
KBr 10M.
Pt 4N HCI 6-8M CCly Ir, Rh Tach 100%, khong tach
LiCl hay 4N duoc khi ¢o su hién dién
HBr cia LiCl hay KBr.
Pu(VI) | 6,4N HCI, 0,01 Xylene Th hay san Tach 99,8%.
M, K2Cr,0s. pham phan
chia
Ti(IV) | 1,87N H,SO,, Toluene - Dang tach :
2,7.10° M Ti(Y):(X)(TIOA)s6
H2C204(X) +
0,27-0,54M
gallic 35 acid
)
U(VD) | 4-3710N HCI Xylene hay Th hay san Amax = 400nm
MIBK pham phan
chia
Zn 1 — 383N HCI MIBK Ba, Co, I, | Chiét 96-99%, can tr¢ boi
Mn, Nb, Ag, Cd, Fe, In, Sn.
Sb
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CHUONG XILI: THUOC THU HUU CO CHO ANION
XII.1.CURCUMIN
CTPT: C21H2006.

KLPT = 368,39.
OCHj
_CH=CH OH
0=C
>CH2
0=c{
CH=CH CH,
OH

1. Tén goi khac

Mau vang nghé, curcumagelb, diferulonymethane, 1,7-bis—(4—hydroxy—3—
methoxy—phenyl)-1,6-heptadien—3,5—dione.
2. Nguon gbc

Trén thuong mai, n6 co6 trong curcuma, the rhizome cua curcuma longa
L.Zingiberaceae.

3. Ung dung

Phat hi¢n ra: B, Ba, Ca, Hf, Mg, Mo, Ti, V, W, Zr. Phan ung do d¢ sang cua B, cach
st dung nhu xit [én to gidy sac ky.
4. Tinh chét cua thudc thu

La bot mau vang cam, nhiét do soi 183°C, khong tan trong nudc, tan it trong ether,
de tan trong methanol, ethanol, acetone, va acid acetic bang. N6 phan ung véi dung
dich ki€ém cho mau vang.

Mic du thude thir c6 p—diketonemoiety trong cau triic ciia nd,nhung khong dir liéu
nao phu hgp cho hang s6 phan ly cta enolic proton. Hinh 1 minh hoa phd hap thu cua
curcumin ¢ di€u ki€én mdt vai dung dich khac nhau.

4
1.5}

1.0 3

Absorbance

‘ | i
300 400 500 600 700

Hinh 1
5. Phan tng tao phirc chit va ciu trac phirc chat
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Curcumin c6 2 dang phuc tap v€ mau sac: Rosocyamin (1) va Rubrocurcumin (2),
voi acid boric, phu thude chu yéu vao sy c6 mat acid oxalic.

H:CO OCH,
+
= CH=CH _—_
ey (1)
e N
0 0
H;CO | | OCH,
/C C\
HO ca=cn” Yc” NcH_cH — OH
H
T
OH 0—C—C—O—H'" 0
H,CO i : OCH,;
HC CH
|
CH
7 0 0=C—0 0 c/
L7007 0T
HEQ N AN CH
_c-o0 0—C=0 o-c{
HC/ CH
|
HC CH
H,CO iJ, i OCH,
OH OH

Khi khong c6 mit acid oxalic, acid boric phan Gmg v6i curcumin, khi bi proton boi
acid vo co tao thanh dang phirc mau do (1). Phan ing kha chdm va méc du tat nhién
mot luong nudc can thiét cho giai doan tit ctia phan ng, nhung phan tmg pha tron
phai dugc bay hoi cho kho dé phan ng hoan toan. Hay 13 phan (mg tao mau duoc thuc
hién trong t nhiing acid khan, nhu acid sulfuric—acid acetic bang, noi ma nudc tdn tai
¢6 thé pha huy boi phan thém vao ctia propionyl anhydrice—oxalyl chloride. Dung dich
(1) s& trd vé mau xanh den, khi no tao bai chat kiém. Mic di curcumin ciing phan tng
v6i Fe(IT), Mo, Ti, Ta, va Zn, nhiing phtic chat d6 s& khong chuyén sang mau den trong
diéu kién dung dich kiém. Dung dich ethanol cua (1) thi co thé 6n dinh hoan toan va c
thé giit trong 5 ngdy ma khong co su thay doi quang pho khi giit & nhiét do 0°C.
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Khi c¢6 mat acid oxalic, mau d6 2:2:2 phirc (2) duoc hinh thanh, sy bay hoi cua
phan tng tron 1an dén kho thi van con cho sy phat trién mau sic 1a 16n nhat. Sy c6 mit
ctia nude lam tri hodn phan tmg, néu acid v6 co c6 mit thi su hinh thanh dong thoi cia
(1) cling dugc mong doi.

Quang phd hap thu ctia (1) va (2) duoc minh hoa trong hinh 2, d6 hap thy phan tu
cua (2) duoc ghi nhan 14 9,3.10* & 550nm.

Absorbance

L 1 | 1
400 450 500 550 600

Hinh 2

6. Su tinh ché va phan tng tinh khiét

San pham thwong mai thi hau hét tinh khiét, bang sy két tinh lai tir ethanol cho t&i
khi diém tan t&1 183°C. Tha vi thay nguon goc tong hop curcumin dugc ghi nhan sai
vG1 mau phan tng véi acid boric.
7. Ung dung trong phan tich

Curcumin dugc st dung rong rii nhu mot thudc thir mau trong phuong phap so
mau xac dinh ham lugng vét Bo trong nhirng vat li¢u kdhc nhau. Sy hinh thanh phirc
mau (1) hodc (2) dugc st dung trong phuong phap so mau. Phuong phap rosocyanin
(1) c6 do nhay cao nhung mau sic phan tmg phy thudc rat nhiéu vao diéu kién phan
mg. Phuong phép rubrocurcumin c6 do nhay thip nhét so v6i cac dang khac, nhung
san pham ctia n6 khong bao quat.

[0 Phuong phap rosocyanin:

D0 nhay cua phuong phap nay caonhung phu thudc vao sy c6 mét cua nude va
luong du cua curcumin van lai trong trang thai proton. Theo d6 né rat quan trong dé
loai bé nudc va sy hip thy tdi thiéu dé khong vuot qua gidi han ctia phan tmg. Viée san
xuét ma can thiét duoc phat trién bai Uppstrom, nudce thi loai bo bai viée sir dung cac
anhydratpropionic va proton curcumin du thi dugc loai trir bang ion acetat.

+ Dung dich thudc thi:

Dung dich curcumin: dung dich phai dugc tong hop tinh khiét trudc 1 tudn bang
cach hoa tan 0,125g curcumin trong 100ml acid acetic bang va phai dung trong binh
nhua.

Dung dich sunfuric—acid acetic—tron bang nhau ndng d6 (H,SO, 98% va acid acetic
bang).

Dung dich dém—trén 90ml C,HsOH 95%,180g CH;COONH, va 135ml acid acetic
bang, dinh mirc thanh 11 v&i nude.

Anhydric propionie.
Oxaly chloride.
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+ San xuét:

Chuyén Iml dung dich mau nude chtra 0,2 — lug Bo vao coc nhua, thém 2ml acid
acetic bang, 5ml anhydric propionic va tron déu. Thém 0,5ml oxalyl chloride va cho
phép phan ung trong 30 pht, nhi¢t do phong va thém khoang 4ml sunfuric—dung dich
acid acetic va 40ml dung dich curcumin, tron déu, va dé yén trong 45 phiit. Thém 20ml
dung dich dém, tron déu va 1am lanh t&i nhiét d6 phong. PBo do hép thu & budc song
545nm.

- Phuong phép Rubrocurcumin:

Phuong phap nay c6 nhay kém hon so v6i phuong phap khac, nhung phan ing mau
nhanh va n6 khong can H,SO,. Phuong phép nay thich hgp cho mau sau khi pha loang.

+ Dung dich thudc thir: dung dich acid curcumin—oxalic: hoa tan 0,4g curcumin va 50g
acid oxalate trong ethanol (> 99%) va dinh mtc thanh 11 tr@r trong chai nhua, dung
dich phai dugc gitt & nhiét do phong khodang mot tuan trude khi str dung.

+ Séan xuét:

Pt 2ml mau dung dich chira 0,1 t&i 2,0ug Bo vaochén platin. Sau d6 thém 4ml
dung dich acid curcumin—oxalic va tron déu. Sy bay hoi cta nude khoang 52 — 58°C,
thém 25ml C,HsOH, d¢ lam kho hoan toan va tron ky.Sau d6 bo phan chat khong tan
sau khi loc hodc ly tam, chuyén phan dung dich vao cuvet 1cm va do d hap thu tai
budc song 550nm.

XII.2.MONOPYRAZOLONE VA BISPYRAZOLONE

/
JC=N N=C C=N
H;C CH; CH;
(1 (2)
CHNO
ClOHlONZO 20 18 4 2
KLPT: 174,20 KLPT: 346,39

1. Tén goi khac

(1) 3—Metyl-1—-phenyl-5—pyrazoline—5—one.

(2) 3,3—dimethyl-1,1-diphenyl-4,4-bispyrazolin—5,5—dione.
2. Nguon gbc va phuong phap tong hop

Trong thuong mai, pyrazoline dugc tong hop tir phenylthydrazine va acetoacetic
ester nhu 1a 1 sdn pham trung gian cua thuéc nhu¢m. Bispyrazolone thu dugc bang
cach cho chay nguoc dung dich ethanol cia Monopyrazolone véi Phenylhydrazine.

3. Ung dung

Hon hop ciia Monopyrazolone va Bispyrazolone duoc dung nhu 1 thudc thir trac
quang c6 do nhay cao vo1 CN™ va thuong khong nhay voi1 SCN™va OCN'.

4. Tinh chét cta thudc thu
[J Monopyrazolone:
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La mot chat bot tinh thé khong mau, nhiét 6 so6i 128 — 130°C. Nhitng miu thuong
mai ¢6 mau vang nhat nhung c6 thé ding nhu thudce thir cho CN°, hau nhu n6 khong
tan trong nude, nhung tan kha tot trong Alcohol ndng, chloroform, pyridine va céc
acid. N hinh thanh dang phtrc mau véi Ag, Co, Cu va Fe.

[J Bispyrazolone:

La mot chat bot tinh thé khong mau hodc c¢6 mau Vang xam, nhi¢t do sé1 > 300°C
va hau nhu khong tan trong nudc va trong dung moi hitu co néi chung ngoai trir
pyridine, con trong thudc thir thi tan kha tét.

5. Phan g v61 ion CN

Trong viéc xac dinh ion CN bang phuong phap Pyrazolone, dung dich mau duoc
xtt Iy bang chloramine T, sau d6 biang phan Umg v61 monopyrazolone va bispyrazolone
trong pyridine cho ra dung dich mau xanh dé do quang. Phan tng lién tuc cho dén khi
1én mau duoc trinh bay hinh 1. Két qua thuéc nhuém mau xanh c6 thé chiét trong n—
butanol c6 d¢ nhay cao.

Vai tro cua bispyrazolone khong chic chin, nhung n6 khong thé thiéu trong qua
trinh 1én mau t6i da. Ty s6 cua hon hop khoang 12,5:1 thi dugc khuyén dung.

Mui ciia Pyridine khé ngiri nén c6 thé bi loai trir va thay thé bang DMF c6 chua
acid isonicotinic.

Thiocyanur va ammonia gdy can tr6 nghiém trong, chung bi oxy hoa boi
chloramine T cho ra CNCI va NHCL, twong rng. Sdn pham sau cung ciling dugc cho

phan tng v&i monopyrazolone dé cho thudc thir tim d6 (Amax = 545nm), chat ndy c6 thé
chiét vdi trichloethane sau khi acid hoa dung dich nudc (mau vang, A = 450nm).
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CN-
+ Chloramine T

CNCl
* Pirydine

<\ /N+— CN

+ HO

CH,—CHO
HC
A\
CH—CHO

+ Monopyrazolone

. @
—N
HC\ :N
N
O/

Thudc nhuém mau xanh (A =620 -630nm)

Hinh: Sy chuyén mau cua Pyrazolone véi ion cyanide

6. Ung dung trong phan tich
Dugc khuyén dung cho viéc xac dinh CN™ nhu sau:
0 Thudc thu:

Dung dich Pyridine pyrazolone: thém Monopyrazolone tir 125ml dung dich nuée
nong tao thanh dung dich bao hoa. Lam lanh va loc. Dé loc duoc, thém 25ml Pyridine
chung cit lai c6 chira 25mg bispyrazolone. Dung dich pyridine va pyrazolone tinh
khiét, dugc tron 1dn va chuan bi trude khi st dung.

Dung dich chloramine T 1%: chuan bi mdi mdi ngay. Pém phosphate (pH = 6,8;
14,3g Na,HPO, va 13,6g KH,PO, trong 11 nudc).

Dung dich Cyanide chuan:

Céch lam — do quang tryc tiép: Chuyén tir 1 — 10ml dung dich CN" tiéu chuan da
dugc chia thanh cac phan bang nhau vao 6ng do thé tich dén vach 50ml. Thém 5ml
dung dich dém va 0,3ml dung dich chloramine T, tron va dé yén 1 phat. Thém 15ml
dung dich pyridine pyrazolone, pha loang den thé tich, tron va dé yén 30 phat. Quan
sat do hap thu & budc song 620nm. Di véi miu c6 chira 1 dén 10pug CN, trung hoa nd
vé pH = 6 — 7 bang CH;COOH hay NaOH va xtr Iy nhu cach & trén.

Chiét tric quang — theo ddi cach lam & trén cho téi khi 1én mau day di. Chuyén
lugng mau cung dung dich suc rira cho t&1 125ml vao phéu chiét c6 chira chinh xéac
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10ml n—butanol va lac vai phut. Sau khi c6 sy phan chia pha, quan sat d¢ hap thu cia
16p hitu co & budc song 630nm. Thiocyanate can tr¢ nghiém trong.

Phuong phép nay c6 thé tng dung trong viéc xac dinh thiocyante (620nm, & 0 —
4ppm trong dung dich), cyanate (450nm, ¢ 0 — 5ppm trong CCly), va ammoniac
(450nm, 6 0 — 0,5ppm trong trichloroethylene), nhu nhitng anion nay dugc tién hanh
nhu cyanate. Nitrat co thé dugc xac dinh sau khi khu tr ammoniac bang alkaline
FeSO,. Viée xac dinh Vitamin B12 (Cyanocobalamine) bang phuong phap nay da dugc
tién hanh.

Monopyrazolone ciing c6 thé dugc sir dung nhur mt chat thir cho Ag va Cu.

7. Mbi quan hé ciu trac vé6i thude thir khac
Phenazone (2,3—dimethyl-1-phenylpyrazolin-5-one) vira dugc nghién ctru nhu mot
chat thtr doi véi NOs'.
XIIL.3.2-AMINOPERIMIDINE
CTPT: C11H9N3.HC1.
KLPT =219,67.

H

|
O C—NH,. HCI

1. Ngudn gbc va phuong phéap tong hop

Zs

San c¢6 trén thi truong 1a hydrochloride va hydrobromide. Cho 1,8
diaminonaphthalene phan ing vé1 NH4SCN.

2. Ung dung
Thudc tht két ta va do d6 duc ion sulfate.
3. Tinh chét thudc thir

La chit bot tinh thé mau tring hoi xam. Tan it trong nudc khoang 0,5% & nhiét do
phong nhung dé dang tan trong nudc nong. Thudc thir d& bi oxy ho4, thude thtr dang
ran it bén nén phai duoc gitr 6 noi mat va t6i. Thuoc thtr & dang dung dich thi 6n dinh
trong mot vai ngdy néu dugc giit trong chai kin va t6i. Thude thir ¢6 thé tinh ché bang
cach dun sdi dung dich bdo hoa véi than, loc va loai bo hydrochloride dé két tinh.

4. Phan ng v6i ion sulfate

Cho dung dich c6 chura ion sulfate vao d}mg dich thudc thur (bao hga tal nhiét do
phong, 0,5%) thi ngay 1ap tirc hinh thanh két tia sanh van lya mau trang cua amine
sulfate.

Tinh dic trung cua két tia nay 1a thuong khong c6 nhirng hat ¢& nho (< 2um). 2—-
aminoperimidinium sulfate c6 do tan thap, diéu d6 1y tuéng dé sir dung thude thir trong

phuong phap do do duc cho ion sulfate. Trong bang XIII.3.1, 2-aminoperimidine
sulfate ¢6 kha nang hoa tan t6i thiu gitra cac amine sulfate khac nhau. O 1ppm sulfare
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két tia c6 thé quan sat dugc va co thé thyuc hién duoc & 0,05ppm sulfate v6i thé tich do
la 10ml.

Dung dich 2—aminoperimidine hydrochloride dugc minh hoa & hinh 1 dung phuong
phap pho hip thu UV. Néu ¢ ving rong hon tai 305nm (g = 7,23. 103) c6 thé str dung
phuong phap trac quang xac dinh cation 2—aminoperimidine trong phan dung dich sau

khi két tia ion sulfate vo1 luong du thudc thir da biét. Piéu nay 1am co s¢ cho phuong
phap so mau gian tiép xac dinh ion sulfate (4—120ppm SO,>).

Toei d& nghi st dung thudc thir mau, 6—(p-acetylphenylazo)—2—aminoperimidine
(pH = 3,4 — 4,1; Aoy = 480nm ; € = 6,1.10%) cling twong ty, nhung ving nhin thiy dugc
ctia phuong phap tric quang ndng do sulfate tir 0 ~ 10ppm.

1.0 -
0.91-
0.8}
0.7 |-
0.6
0.5

Ahsorbance

0.4
0.3
0.2

0.1

0 i L 1=
180 220 260 300 340

Wavelength (nm)

Hinh XIII.3.1

5. Ung dung trong phan tich
Phuong phap ndy xac dinh néng do sulfate tir 0 ~ Sppm.

Chuyén 1,0 dén 5,0ml dung dich chuan sulfate IOppm,Vélo 5 binh dinh murc. Pha
lodng vo1 khoang 5ml nudc thém 4ml dung dich thude thur 2—aminoperimidine
hydrochloride 0,5%. Tron déu va loai bo huyén phu trong khoang tir 5~10 phat chuyén
vao trong ong do d§ duc va do dd tan xa anh sang cua moi dung dich. Dung dich mau
cling lam tuong tu.

Tir 0 &n 1ppm hay 0 dén 0,5ppm cua sulfate, qua trinh thuc hién chinh xac voi
cung mot cach thirec nhung phai str dung dung cu do ¢6 d nhay cao.

_ Cuong d6 anh sang truyén qua tai bude sdng 600nm ciing quan sat dugc thay vi do
bang tan xa anh sdng c6 cuong do manh. Nhiing anion gay anh huong dugc gidi thi¢u
o bang XIII.3.2.

Bang XI11.3.1: PO TAN KHAC NHAU CUA AMINE SULFATE

Benzidine 0,098
1,8-Diaminonaphthalene | 0,222
4-Amino-4’-chlorobiphenyl | 0,155
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4,4’°-Diaminotoluene

0,059

2-Aminoperimidine

0,020

Bang XII1.3.2: ANH HUOGNG CUA NHUNG ANION NHIEU

NOs 10 - 100ppm khong bi anh huong
Br tur 10ppm trd 1€n khong bi anh hudng, nhung 100ppm bi sai 14 20%
I 10—100ppm bi sai 1a 10%
F, SiF, 1ppm F~ bi sai 1a 10%, nhung 10ppm bi sai la 15%
PO, 1ppm bij sai 1 25%
Cr 10ppm khong bi &nh hudng, nhung 100ppm bi sai tir 5-15%
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