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CHUONG I :

DINH LUAT TUAN HOAN VA HE THONG TUAN HOAN
CAC NGUYEN TO HOA HQC.

DPén gitra thé ky XIX, ngudi ta da bi€t duge 63 nguyén td hod hoc, nhiéu hgp
chat hod hoc khdc nhau da dudc nghién cud, nhiéu tinh chit vat 1y héa hoc dic
trung clia cdc nguyén t&, hdp chat riéng biét hay cia tirng nhém nguyén t&, hop
chat da dudc thiét 1ap.

Su phit trién ctia khoa hoc k§ thudt va cong nghiép lic d6 doi hdi phai ti€p
tuc nghién citu vé cdc nguyén t& va hop chit ca ching mdt cich manh mé va cé
hé thong. Piéu nay dit ra cho cdc nha héa hoc vin dé hé thdng hod cic nguyén t&
dé tim ra nhitng quy luat chung néi 1én m&i lién hé giita ching véi nhau.

Nhi€u nha bic hoc nhu Dobereiner (nhém ba nguyén t& x&p theo thit tu ti€n
cia khoi lugng nguyén ti: Cl — Br — 1...), Chancourtoirs, Newlands (x€p cdc
nguyén to theo khdi lugng nguyén i ting dan), Mayer (thu dudc 6 nhém tuong
tu)... di nghién citu van dé ndy nhung khong thanh cong vi thi€u co s& hé thong
hod vitng chic, nhat 12 khong nhin thdy dudc mdi lién quan gilta cdc nguyén to
khong tuong ty nhau.

Thanh cong ryc rd nhat 1a cdc c6 ging clia Mendeleev da kién tri theo doi van
dé x&p hang cdc nguyén td trong nhiéu nim dai d€ cho ra mot bang phan loai dva
trén cd s§ cua dinh luit tudn hoan.

Bdng phan loai hién vin con mang tén 6ng (Mendeleev) mic du di dugc hiéu

N e ~ LN
chinh va b0 tic kh4 nhiéu.

I PINH LUAT TUAN HOAN

1 Phat bi€u:
Khi nghién cttu tinh chat clia cdc nguyén td, xét theo chiéu dién tich hat nhan
nguyén tif ting dan, ngudi ta thay tinh chat héa hoc clia ching bi€n ddi nhung sau

mdt sd nguyén t6 ta lai gdp mot nguyén to cé tinh cha't twong tu.

VD: T nguyén t6 thit ba 1a Li d&€n nguyén t6 thit 10 1a Ne: tinh kim loai gidm
dan (sLi: kim loai manh; oF: phi kim dién hinh, 1oNe: khi trg).

Nguyén td thit 11 12 Na c6 tinh chat giong Li. Sy bi€n ddi tinh chi't cdc nguyén
t0 tir ;1Na dén 3Ar (khi tro) néi chung gidng cidc nguyén td trudc.

S& di vy vi tinh chat cdc nguyén t6 phu thudc chd y&u vao ciu tric dién t¥
ctia nguyén t&r. O trang thdi binh thudng, cu tric dién t& dudc xdc dinh bing s
dién tf trong nguyén t¥ tifc bing dién tich hat nhdn nguyén tu.

Hé6 Bich Ngoc Khoa Héoa Hoc
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That ra, tinh chdt hod hoc clia cdc nguyén t6 phu thudc chi y&u vao ciu tao
16p v6 dién tif ngoai cling (I6p dién tl héa tri) nén tinh chat tudn hoan clia ciu tao

vé dién tir dd quy&t dinh tinh chat cdc nguyén td phai bi€n ddi tuan hoan.

DPinh luit tudn hoan dudc phét bi€u nhu sau:

“Tinh chdt cdc don chi't cling nhu tinh chat thanh phin va dang cdc hgp chat
clia nhitng nguyén t& bi€n thién tudn hoan vao dién tich hat nhdn nguyén tit clia
nhitng nguyén t6 d6”.

Pinh luit ndy do Mendeleev tim ra dau tién, nhung & thdi ky 6ng, dinh luit
phéat bi€u con chua chinh xdc 1dm 1a: ”Tinh chit phu thudc tudn hoin vao khdi
lugng nguyén ti”’; do d6 c6 mdt sd sdp x&p khong phi hop.

VD:

18Ar K 27Co  %Ni s2Te 531
Khoi lugng nguyén tii: 399 390 58,9 58,7 127,6 126,9

2. Ynghia ctia dinh luit tudn hoan:

-DPinh luit tudn hoan I cd s& chic chin d€ phan loai cdc nguyén t& hod hoc va
hgp chiing lai thinh mot hé thdng hoan chinh. Chi c6 thé hi€u ddy di cdc tinh chat
clia mdt nguyén td riéng ré khi nghién cifu né trong mdi lién hé véi tinh chat cla

cdc nguyén t6 khic va vdi vi tri cia nguyén t6 d6 trong bing hé thdng tuan hoan.

VD: Nghién cifu tinh chit clia Al phai xét cd tinh chit cdc nguyén td xung

quanh né

B
|

Mg - Al-Si ...)
|

Ga
-Dinh luat tuAn hodn cho pnep thiy trudc dudc sy ton tai clia nhitng nguyén t&

chua dugc tim ra, cho phép mo t4 tinh chat clia cdc nguyén t& d6 va hdp chit clia

ching.
VD: Su khdm phd ra Ga (1874) c6 tinh chit giong nhom (do Mendeleev dy
doan).

Su khdm phd ra Sc (1879), Ge (1885) cling vay.
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IL. HE THONG TUAN HOAN

1. CAu triic hé thong tuiAn hoan theo thuyé&t ciu tao nguyén ti:

Hé thong tudn hoan bao gdbm cédc don vi ciu tric: chu ky, nhém, phan nhém, 6.
Nhitng don vi ciu tric nay do Medeleev dua ra tif liic chua ¢6 khdi niém gi vé cau
tao nguyén ti. Tuy nhién, giita chiing va ciu tao nguyén t ¢6 mdi lién quan chit
ché. M&i lién quan nay cho phép nhanh chéng xéc dinh dugc ciu tric dién tf va tr

d6 bi€t dugc nhirng tinh chd't ¢d ban clia nguyén t6 cling nhu hgp chit clia chiing.

a Chu ky

Chu ky 12 mot ddy cdc nguyén t6 ma cdc nguyén tit clia ching c6 cling s6 16p
dién tlt, chi khdc nhau & s6 dién tf clia cdc 16p bén ngoai. Khi dé:

- S6 thtt tv clia chu k¥ clia nguyén to trung véi gid tri s& ludng tl chinh dic
trung cho I6p ngoai cung. (1,2,3...).

- Khi hinh thanh mot 16p mdi lai xui't hién mot chu ky mdi.

- M&i chu ky gdbm mot s& nguyén t& nhit dinh ¢ng véi s6 dién ti dién vao cic
16p bén ngoai tir lic bit dau xdy dung phan 16p ns (hydro hay kim loai kiém) dén
khi k€t thiic phan 16p np (céc khi tro).

VD: Chu ky mdt ¢ng véi 16p vé n=1 c6 hai dién tir dién vio phin I6p 1s nén
chu ky mot gdm hai nguyén 5 (H:1s', He:1s?).

Chu ki hai ng véi 16p vé n=2 c6 8 dién tt dién vao cdc phan I16p 2s2p
(Li:[He]Zs1 — Ne :[He]2s22p6) nén chu ky hai g6m 8 nguyén t6: Li, Be, B, C, N, O,
F, Ne.

Chu ky 4 c¢6 18 nguyén t&, nguyén t& cudi cling (36Kr) c6 18 dién tif dién vao
cdc phan 16p 4s*3d'%4p°.

Chu ky 6 c6 32 nguyén td, nguyén t& cudi cling (ssRn) c6 32 dién tir dién vao
phan 16p 6s%4f'*5d'%6p°.

b. Nhom
Nhém gdm cdc nguyén t6 cé sd dién tif 16p ngodi cling hay clia nhitng phan

16p ngoai cling gidng nhau va bing s6 thit tw ciia nhém.

¢. Phdn nhom

Phan nhém gdm nhitng nguyén t& ma 16p dién tif bén ngoai cling dudc xay
dung giong nhau(chi khdc nhau vé chi s n).

Phan nhém chinh gédm cdc nguyén t6 ma dién tif ¢ng véi mifc ning lugng cao

nhi't trong nguyén tif thudc phan I6p ns hay np

Hé6 Bich Ngoc Khoa Héoa Hoc
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VD: 11Na : 15%2s? 2p63$1 : Phan nhom I
17C1 : 1s* 2s*2p°3s?3p°  : Phan nhém VI,
Phan nhém phu gdm cdc nguyén t& ma dién t¥ &ng v6i mic ning lugng cao
nha't trong nguyén tf thudc phan 16p (n-1)d hay (n-2)f. C4c nguyén t6 nay dudc goi
12 cdc nguyén t6 ho d hay ho f.

VD: 25Mn: 1s 2522p6 3523p63d54s2: phan nhém VIlg
Nhém  Nguyéntd svap  Nguyéntdd

I ns' (n—l)dmns1

11 ns’ (n-1)d"’ns?
III nsznp1 (n—l)dlns2
vV nsznp2 (n-1)d’ns”

A% ns2np3 (n-1 )d3ns2
VI nsznp4 (n-1 )dsns1
VII nsznp5 (n-1 )dsns2

VIII (0) nsznp6 (n-1 )d6’7’8ns2

>

d.

O 1a vi tri cu thé ctia mdi nguyén t5, chi 16 toa dd nguyén td trong bing hé
thong tudn hoan (s& thit tw nguyén td = sd dién tich hat nhian = s6 dién t; s6 th tu
chu ky; s6 thit ty nhém, loai phadn nhém).

VD: »5Sr ¢6 Z=38, G chu ky 5 phan nhom Il4.

2. M6 ta bang hé thong tuin hoan(110 nguyén td) :

Hon 400 ki€u dién hé thong tudn hoan cdc nguyén td di dudc cong bd nhung
thyc t& chi c6 2 kiéu trong s6 d6 dugc phd bién va ng dung rong rii.
D6 13 cdc bang hé thong tuan hoan dang ngin va dang dai ma hién nay ching
ta dang st dung va cd s& clia chiing vAn 13 c4ch bi€u dién clia Mendeleev.
- Bang tuan hoan dang ngin gdm 8 nhém nguyén td, 7 chu ky véi 10 diy
nguyén to:
Chu k¥ 1 (chu ky dic biét) gdm hai nguyén t3.
Chu k¥ 2,3 (chu ky nhd) gdm 8 nguyén t3.
Chu ky 4,5,6,7 (chu k¥ 16n) gdm 18,18,32,26 nguyén t5.
M&i chu ky 16n gdm 2 hang ngang: hang trén 13 hang chin bao gid cling manh
hon cdc nguyén t6 trong hang 1é nén ngudi ta qui uSc vi€t cdc nguyén t6 hang chin
dich sang phai, cdc nguyén t6 hang 1& dich sang trdi (cdc nguyén t& ctia chu ky nhd

ciing dudc viét theo quy tic nay).

Hé6 Bich Ngoc Khoa Héoa Hoc
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VD: Na, Mg c6 tinh chit kim loai manh nén dugc viét dich sang phai.

Chu ky 6 c6 32 nguyén t& tir 55 d&€n 86; trong d6 c6 14 nguyén o tir 58 d&€n 71
dudc x&p cling 6 thit 57 véi nguyén td lantan va vi€t thanh mot hang ngang & cudi
bang, hop thanh ho lantanit.

Chu ky 7 (chu ky d& dang) c6 20 nguyén t& tir 87 dén 106; trong dé c6 14
nguyén t§ tir 90 dén 103 dugc x€p cung 6 thit 89 v6i Ac hop thanh ho Actinit cling
dudc viét thanh hang ngang & cudi bang.

- Bing hé thong tuan hoan dang dai khong gon va chit ché bing dang ngin,
nhung c6 wu diém 14 phin dnh dudc 6 rang su phan chia cidc ho nguyén t& theo
dic diém cdu tric dién ti (cac ho s,p; d;f). Pic diém clia cich biéu dién dang dai
nay 12 hé thdng tudn hoan dugc trdi dai ra theo hang ngang: mdi chu k¥ chi c6 mot
hang va néi chung cdc ho nguyén t6 s,p;d;f dudc sip x&p lién tuc nhau. Vi vay céc
phian nhém nguyén t& dugc tdch hin thanh nhitng cot riéng, trong d6 phadn nhém
chinh dudc ky hi¢u la A, phan nhém phu 1a B.

mL. MOT SO CAC TINH CHAT TUAN HOAN CUA CAC
NGUYEN TO.

Chiing ta biét tinh chdt clia cdc nguyén to trong hé thong tuan hoan thay ddi

mot cich ¢é quy luat theo 3 chiu: ngang, doc, chéo; trong d6 quan trong va ddng
luu ¥ nhat 12 theo chiéu ngang (chu ky va day), doc (nhém va phan nhém).

Vi tinh chat clia cdc nguyén t6 chd y&u phu thudc vao ciu tric 16p v dién ti
nguyén tif nén khi dua vio ciu tao nguyén tif c6 thé gidi thich dugc dé dang nhitng
quy luit thay d6i tinh chit clia cdc nguyén t& trong hé thdng tuan hoan.

D6 1a cédc tinh chat ban kinh nguyén ti, ban kinh ion; 4i luc dién t&, ning
lugng ion hod; dd Am dién, s6 oxy hod duong va Am cuc dai, thé tich nguyén ti,
nhiét d6 nong chdy, nhiét d6 soi, tr tinh, ning lugng phan 1y, nhiét tao thanh...

Sau diy chiing ta s& xét mot s6 tinh chi't tuAn hoan quan trong clia cdc nguyén
t6 hay dugc st dung d€ gidi thich hoat tinh hod hoc clia cic don chat ciing nhu hop

chat ciia ching.

1. Ban kinh nguyén ti:

a. Khdi niém
Vi cdc ddm may dién tif khong c6 gidi han ré nét nén khong théxac dinh dudc
ban kinh nguyén t& va bdn kinh ion that chinh xdc. Vi vdy, ngudi ta thudng xéc
dinh cac dai lugng nay dua trén khoang cdch giita cdc hat nhidn nguyén ti tao nén
don chat hay hgp chat tuong Gng (xem cdc nguyén tif hay ion nhu nhitng qué cau

ti€p xtic nhau). Ban kinh nguyén t& va ion xdc dinh theo cdch ndy dugc goi 1a ban
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kinh hiéu dung va phu thudc vao bin chit nguyén tif tuong tic, dic trung lién két
hod hoc va trang théi lién hgp.

Tém lai, ban kinh nguyén t& va ban kinh ion chi 1a nhitng dai lugng quy uéc.
Tuy vy né van Ia tinh chit dic trung quan trong cda cdc nguyén t6 va cé anh

hudng nhiéu dé&n tinh chd't héa hoc clia cdc nguyén td.

b. Su bién doi bdan kinh nguyén tir:

Trong cung mot chu ky:

+ N6i chung, trong mot chu ky, ban kinh nguyén tif gidm dan tir trdi sang phai
(theo chiéu ting 7).

VD:
Chu ky 2 Li Be B C N O F
Bén kinh nguyén ti (A°) 1,52 1,13 088 0,77 0,70 0,66 0,64
Nguyén tif ho Fe Fe Co Ni

Bén kinh nguyén ti (AO) 1,26 1,25 1,24

+ Trong mot chu ky, s6 16p dién tif cla cdc nguyén ti nhu nhau va dién tich
hat nhan ting mdt don vi khi di tif nguyén t6 no dén nguyén t6 kia trong khi dién ti
chi dugc thém vao 16p dang xdy dung dd nén dién t& bi hit vao nhan manh hon
lam cho bédn kinh nguyén t& gidm di.

P&i vdi cdc nguyén td ho d va f, theo chiéu ting dan, su thay ddi ban kinh
cham chap hon so véi cdc nguyén t6 ho s va p. Vi d6i véi cdc nguyén t6 nay, dién
tl ting thém dudc dién vao 16p dién t dang xAy dung siu bén trong (16p thit hai va
thit ba k€ tif ngoai vao) nén it 4nh hudng d&n kich thudc nguyén tir. Pdng thsi sy
ting dién tr d & 16p k& ngoai cling 1am cho hiéu &ng chin ddi vdi dién tir 16p ngoai
cung tang 1én so v4i trudng hgp s va p.

Su gidm it v déu din bdn kinh nguyén tif & cdc nguyén t& d va f dugc goi 1a

su co d hay co f (su co lantanit hay actinit).

Trong mot phin nhém:

Trong mot phin nhém chinh, theo chiéu tir trén xudng dudi, ban kinh nguyén
t ting 1én vi s6 16p dién tf ting 1én.
VD:
Phan nhém Ia Li Na K Rp Cs Fr
Bén kinh nguyén i (A°) 1,52 1,86 231 244 262 2,70

Hé6 Bich Ngoc Khoa Héoa Hoc
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D3&i vdi cdc nguyén t& nhém phu, khi chuyén tir nguyén t& didu phan nhém dén
nguyén t6 thi hai, bian kinh c6 ting 1én, tf nguyén t& thit 2 d6i véi nguyén to thi
ba, ban kinh it thay d6i. Piéu nay dugc gidi thich chii y&u do hién tugng co d, co f.

VD:

Phan nhém VIp 2Cr »Mo 74 W
Bén kinh nguyén ti (A°) 1,25 1,36 1,37

2. Niang lugng Ion hoa:

a. Khdi ni¢m

Ning lugng lién két cdc dién ti bén ngoai v4i hat nhan nguyén t quyét dinh
tinh chi't héa hoc clia cdc nguyén t6. Ning lugng d6 chinh 1a ning lugng ion hoéa.
Viy ning lugng ion héa dic trung cho dd bén clia lién k&t gifta hat nhian véi dién
t& bén ngoai tic dic trung cho khd ning nhudng dién ti cia nguyén t, tic dic
trung cho tinh kim loai clia nguyén t§ (ning lugng ion héa cang nhd, nguyén ti
cang dé nhudng dién ti nén tinh kim loai va tinh khit ciia nguyén t6 cang manh).

Dinh nghia: Ning lugng ion héa clia mdt nguyén t& 12 ning lugng t5i thi€u can
thi€t d€ tdch mot dién tif ra khdi nguyén tif tu do & trang thdi khong kich thich.

X + I = X"+ €

Pay 1a ning lugng ion héa thit nha't (I;). Ngoai ra con ¢é ning lugng ion hda
thit 2,3... (I, I5,...) 1a ning luong cin thiét dé€ tdch dién ti thit hai, thd 3,... ra khdi
ion duong c6 dién tich +1,+2,...

Ning lugng ion héa thudng dugc do bing eV hay kcal/ntg (1 eV =23,06
kcal/ntg).

Trong héa hoc, I; ¢6 ¥ nghia quan trong nhat vi & trang thdi ty do, nguyén ti
déu dudc loai trir hét moi 4nh hudng bén ngoai nén ning lugng cin dé giy nén sy

ion hod nguyén tif ding bing ning luong di lién két dién ti trong nguyén ti.

b. Su bién thién ndang lugng Ion hod
Trong mot chu ky:
VD:
Chuky3 Na Mg Al Si p S Cl Ar
I (eV) 514 764 598 8,15 10,48 10,36 13,01 15,76

Trong cling mdt chu k¥, tif trdi qua phai, ban kinh nguyén tf gidm dan, dién ti
héa tri cang gan nhin cang bi hit manh nén cang khé tich rdi khdi nguyén tir nén
ning luong ion héa cang cao. Tuy nhién, sy bi€n d6i d6 khong xay ra don diéu khi
dién tich hat nhin ting tuin tu.

VD:

Hé6 Bich Ngoc Khoa Héoa Hoc
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13Al ¢6 1; nhé hon 12Mg do c4u hinh dién ti

Mg : 1s* 25 2p°3s®>  : Phan 16p 3s bdo hoa.

Al: 1s22s22p63s23p1 : Bién t& p trong mot phan I6p mdi it bi nhan git

chit hon dién tif trong phan 16p k& tru6c da bdo hoa.

Tuong tu 16S ¢6 Iy nhd hon 5P

P: 1s® 25> 2p®3s?3p®  : Phan 16p 3p bdn bdo hoa.

S: 1s? 25 2p®3s?3p*  : Viéc tach dién ti thd 4 d€ dat phan 16p 3p bdn
bdo hoa dé thyc hién hon.

Trong mot phin nhém:

+ Phin nhém chinh:
VD:

Phan nhom 14 Li Na K Rp Cs
Li(eV) 539 4,15 434 4,15 3,89
Trong phAn nhém chinh, theo chiéu ting dién tich hat nhan, s6 16p dién tif ting
1én dong thdi hiéu ng chin clia cdc 16p dién t bén trong cling ting 1én 1am gidm

lyc hit gitra hat nhan v6i nhitng dién t& bén ngoai nén I; gidm.

+ Phén nhém phu:
Phin nhém Vg »V 41 Nb 13Ta
I (Ev) 6,74 6,88 7,88
Sy ting I; trong phan nhém phu dudc gidi thich bing wu thé cla viéc ting dién

tich hat nhan va hiéu &ng x4m nhip cla cdc dién t& nhirng 16p ngoai cuing.

3. Ai lvc dién tif:

a. Khdi niém

Dinh nghia: Ai lyc dién ti cia mot nguyén t¥ 13 ning lugng dugc phdt ra (hay
thu vao) khi nguyén tit d6 (3 trang thdi ty do) k&€t hop thém mot s§ dién tir d€ bién
thanh ion am.

X 4+ e = X + F
F: Ai luc dién t&, dugc tinh bing eV hay kcal/ntg.

Viéc xdc dinh tryc ti€p F bing thyc nghiém khé khin hon nhiéu so véi viéc
xdc dinh I. Ngudi ta mdi x4c dinh dugc 4i luc dién tif cia mot s it nguyén td c6 do
am dién 16n. Ai luc dién t& thudng dudc x4c dinh gidn ti€p.

Ai lyc dién tir cang duong thi nguyén tif cang dé nhan dién t, do d6 tinh phi

kim loai va tinh oxy hod cta nguyén t6 cang manh.

Hé6 Bich Ngoc Khoa Héoa Hoc
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b. Su bién doi di luc dign tir

N6i chung, sy phu thudc cia 4i luc dién tif vao vi tri trong hé thong tudn hoan
phtic tap hon so véi ning lugng ion héa. N€u trong nguyén tf thi€u 1 hay 2 dién
dé bao hoa 16p ngoai dén 8 dién ¥ thi 4i luc dién tif cda né thudng 16n va ngudc
lai, khi & 16p ngoai clia nguyén tif ¢6 1 hay 2 dién t thi 4i luc dién tif rat bé.

Trong biang hé thong tudn hoan, phadn nhém VII4 ¢ 4i luc dién t 16n nha't va
gidm dan tir Clor dén iod vi cang di xudng, ban kinh nguyén tf ting din, dién ti
thém vao cang it bi nhan hidt nén ning lugng phéng thich ra cing kém dan. J Flor
do kich thu6c nhd nén dién tif thém vao chiu tuong tic ddy mdt phan cla nhitng
dién tir dang c6 sdn nén Flor c¢6 4i luc dién ti nhd hon Clor.

VD:

Phan nhém VI, F Cl Br I
F (eV) 3,58 3,76 3,54 329

4. P06 Am dién:

a. Khdi ni¢m

Theo khdi niém cia minh, cidc dai lugng ning lugng Ion hod va 4i luc dién ti
c6 thé dung dé danh gid va gidi thich kh3 ning tao thanh lién két ion cla cic
nguyén td khi tuong tdc voi nhau. D€ d4nh gid va gidi thich kh4 ning tao thanh lién
k€&t cong hod tri clia cdc nguyén td khi phdn ng v6i nhau, ngudi ta ding d6 4m
dién vi dai lugng ndy cho biét kh3 niing clia nguyén tif mot nguyén to hit mat do
dién tit vé phia minh khi tao lién k&t v6i nguyén tir clia nguyén to khic.

D6 am dién ciing 12 dai lugng dic trung quan trong cho tinh chit cia nguyén
t6. Nguyén ti clia nguyén t& ¢6 dd Am dién 16n hon sé hiit dién ti¥ vé phia minh khi
twong tdc véi nguyén tif clia nguyén t6 khdc c6 do Am dién nhd hon. Do d6, do Am

dién c6 lién quan vG6i nang lugng ion hod va di luc dién tif cia nguyén td.

- Cach xac dinh @6 4m dién:

b6 am dién dugc x4c dinh theo nhiéu cdch dya trén nhitng tinh chi't khic nhau
cla cdc nguyén t6. Hién nay c6 dé€n 20 thang do Am dién. Tuy gid tri d0 Am dién
clia cdc nguyén to theo nhitng thang nay khdc nhau nhung k&t qua sip x€p cic
nguyén t0 theo khd ning hdt dién t dya trén nhitng thang ndy néi chung gidng

nhau.

- Cach xac dinh d6 4m dién theo Mullinken:

Khi hai nguyén tif clia cdc nguyén t6 A va B tudng tdc vdi nhau tao thanh hop
chat cong hod tri (tic lién két ctia hop chat dugc thuc hién bing sy chuyén dién ti
tf nguyén tif clia nguyén td ndy sang nguyén tif clia nguyén td kia) thi kh3 ning hit
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dién tlr tuong ng cla chiing s& 13 (Fa- Ig) va (Fp —I,). Pién tif sé chuyén vé phia
nguyén t& A c¢6 kha ning I6n thi:
(Fa - Iy > (Fs - Ia)
Fa + Ia > Fg + 1Ip
Tir d6, Mullinken dé nghi d6 Am dién X clia cdc nguyén tif dugc xdc dinh béi:

1
X= — (F+]
2
Vi gid tri 4i lyc dién ti bi€t dugc con it nén cich x4dc dinh do Am dién theo

phuong phdp Mullinken bi han ché.

- Cach xac dinh d6 Am dién theo Paulling:

D6 am dién dugc xdc dinh dya trén ning lugng lién k&t clia cdc lién két tuong

ung.
VD:
Phan tf AB dugc tao thanh tir cdc phan tif A, va B,. Trong d6 lién két clia tat
cd B phan tif nay déu 12 cong hod tri. N&u lién két AB khdng c6 cyc thi:

Eae = \/E A—AEB—B

E: Ning lugng cla cdc lién két.

Hay:

AE:EA—B_\/EA—AEB—B =0

Né€u lién két A-B ¢6 cuc thi AE #0. Nhu vy dua vao dai lugng AE c6 thé ddnh
gid dugc do c6 cuc clia lién két va do d6 ddnh gid dugc do Am dién clia nguyén to.

Theo Paulling, m&i lién két giita do 4m dién X va AE dugc x4c dinh bing bi€u
thic:

AE = const(Xa- XB)2

X tinh biing eV va né€u AE ciing tinh biing eV thi const =1.

Paulling da ti€n hanh tinh todn d6 Am dién cdc nguyén t6 dua trén sy so sdnh
v6i do Am dién cda Flor (ma Ong nhin bing 4). Do vdy, d6 4m dién xdc dinh theo
phuong phdp nay goi 1a dd Am dién twong ddi.

b.Su bién doi dp am dién
- Trong mdt chu k¥ theo chiéu ting dién tich hat nhin, d6 Am dién ting.

- Trong mdt phan nhém: khi di tif trén xuéng dudi, dd Am dién gidm.
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- Cin chd y ring khong nén xem dd Am dién 1a dai lugng c6 dinh clia nguyén
t6 vi n6 dugc xdc dinh trong sy phu thudc vao thanh phin cu thé cua hop chat.
Ching ta chi nén st dung né lam dai lugng ddnh gid kha ning nguyén t& cla

nguyén t6 hit dién ti ma thoi.

5. S0 oxy hoa:

a. Khdi niém
S6 oxy héa la dién tich duong hay Am clia nguyén t6 trong hdp chit dugc tinh

véi gi thi€t ring hgp chit tao thanh céc ion.

+ Su bién ddi s6 oxy hod:

Su thay d6i tudn hoan s& oxy hod xdy ra 13 do cdc nguyén t& hod hoc c6
khuynh huéng cho hay nhin dién ti 16p ngoai cling d€ c¢6 ciu hinh dién ti bén 1a
s7p°.

S6 oxy héa duong cao nhit clia mdt nguyén td bing s6 € hod tri ctia nd (tic
bing s6 thit ty clia nhdm), con s& oxy hod Am bing s6 thit ty nhém trir di 8.

VD:

S: 1s%2s*2p®3s*3p*
S6 oxy hod duong.x : +6
S6 oxy hod Ampax -2

Trong mdt chu ky, tif trdi qua phdi, s6 oxy hod dudng cao nhat ting tif +1 dén

+8; s0 oxy hod Am ting tif -4 (nhém IV) dén —1 (nhém VII).
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CHUGONG II ;
KIM LOAI KIEM

L. NHAN XET CHUNG
Nhém I, (kim loai kiém) gom cdc nguyén to : Liti(Li), Natri(Na), Kali(K),
Rubidi(Rb), Cesi(Cs) va Franci(Fr).

Fr 1a nguyén & phéng xa ty nhién — nguyén td quan trong nhat 1a Na.

- Mot vai tinh chat cda kim loai kiém :

Li Na K Rb Cs
S6 thit ty (Z) 3 11 19 37 55
CAu hinh e [He]2s | [Ne]3s | [Ar]4s | [Ne]Ss | [Ne]6s
Ry (A) 1 1 1 1 1
Rion v (A”) 1,52 1,86 2,27 2,48 2,66
Eion hea 1 (kcal/ntg) 0,60 0,95 1,33 1,48 1,69
Eion hea n (kcal/ntg) 124 118 100 95 91
b6 am dién 1790 1090 735 634 579
Thé oxi hda — 1,0 0,9 0,8 0,8 0,7
kht(onm) (V) -3,05 | 2,71 | -2,93 | -2,99 | -3,02
Khdi lugng riéng (g/cmci 0,53 0,97 0,86 1,53 1,87
T (°C) Iong 1390 | 97,8 | 63,6 | 39,0 | 284
T° (°C) 1370,0 | 883,0 760 696 685
Néng lugng hydrat hda -119 -93 -73 -67 -59

C#u hinh e héa tri : ns' — d& mat e d€ trd thanh Ion M*:
M-le >M"

nén chiing 12 nhitng kim loai manh nhat trong tat cd cdc kim loai va trong moi
hdp chat chiing chi c6 mifc oxy héa +1.

bi tir trén xuéng dudi, s 16p e va bdn kinh nguyén tf ting nén kh3 ning
nhudng e ting, tinh kim loai ting, ching thudng cho lién k&t ion nhit 1a véi cdc
nguyén t6 khong kim loai clia nhém VI, VI ching chi cho lién k&t cdng héa tri
trong cac hgp chi't c6 ki€u MR (R : g&c hitu cd), trong cdc phan ti Lis, Nas, K;, Rb,,
Cs; tdn tai § trang thdi khi.

So v6i nhém nguyén td khdc, nhém kim loai ki€ém c6 nhiéu tinh chit giong
nhau hon va nhitng tinh chit nay bi€n d6i déu din tir Li d&€n Fr (Li chi€m vi tri hoi

dic biét hon so véi cdc kim loai kieém khéc).

Hé6 Bich Ngoc Khoa Héoa Hoc
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IL. PON CHAT

1. 1y tinh :

- Céc kim loai kiém c6 mau tring bac (Cs ¢6 mau vang), c6 4nh kim rdt manh,
4nh kim dé bi€n mat nhanh chéng khi kim loai ti€p xtic v6i khong khi.

- Céc kim loai kiém déu c6 1 ki€n tric tinh thé gidng nhau 1a kiéu lap phuong
tam khoi (cd cAu kém chit ché nhit trong cdc co ciu cla kim loai) nén kim loai
kiém déu nhe, mém (Li, Na, K nhe hon nu6c); cé T, T’ tuong ddi thap va gidm
dan tir Li d€n Cs do lién k&t kim loai y&u va lién k&t d6 cang yé&u khi kich thudc
nguyén tf ting 1én.

- DaAn nhiét va din dién t6t. D6 din dién cao nay phi hdp vé6i thuyét viing clia
kim loai vi cdc kim loai ¢ vliing s m&i bi chi€m bdi mdt nita s6 e.

- Duéi tac dung cua tia t& ngoai, cackim loai Na, K, Rb va Cs phdong ra e, cudng
dd clia dong e dudc phéng ra ty 1& v6i cudng do clia 4nh sdng dudc hip thu (ding
kim loai kiém (Cs, Rb) 1am t& bao quang dién).

- Céc kim loai kiém c6 thé hoa tan 1dn nhau va d& tan trong Hg tao thanh hdn
hdng.

- Tan trong NH3(l) cho dung dich mau xanh thim din dién dugc do cdc kim
loai kiém phan ly trong NH3(1) (Na — Na® + €).

2. Hoéa tinh :

- Céc kim loai kiém ri't hoat dong héa hoc. Trong cdc phan ting, ching thé
hién tinh khit manh va tinh khit d6 ting lén tir Li d€n Cs. Trir khi trd, ching tdc
dung v6i hau hét cdc khong kim loai khdc nhu: Halogen, oxy, lvu huynh, nito,
phospho, hydro...

a. Tdac dung véi cdc nguyén to’
* V6i oxy : Tuy theo kim loai, diéu kién phdn tng s& tao nén oxyd (M,0),
peroxyd (M;0,) va super oxyd (MO,).
+ O diéu kién thudng va trong khong khi kho :

- Li bi oxy héa thanh 1 16p mau xdm gﬁm Li,O, LisN

- Na bi oxy héa thanh Na,O, va mdt it Na,O tao nén mdt 16p mau vang nhat.

- K bi pht b3i KO, & ngoai, G trong 1a K,O

- Rb, Cs tr bdc chdy tao thanh RbO,, CsO,.

+ Trong khong khi 4m : C4c oxyd sé& hit 4m (k&t hdp v6i hoi nude clia khong
khi) tao thanh hydroxyd, hydroxyd lai k&t hop v6i khi CO, bi€n thanh mudi

carbonat. Do d6, phai cit kim loai kiém trong binh rat kin hay ngdm trong dau hda
khan.
+ Khi dugc dot chay trong khong khi hay trong oxy :
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- Li tao nén Li,O va mot it Li,O,

- Céc kim loai khéc : oxyd ctia ching tdc dung ti€p tuc vdi oxy tao peroxyd
(Nay0O,) hay superoxyd (KO, RbO,, CsOy).

Khuynh huéng cho peroxyd va superoxyd ting 1én tir Li d€n Cs.

+ V6i hydro : Khi cho hydro kho di qua kim loai kiém niu néng nhe, kim loai
kiém héa hgp véi hydro tao mudi hydrua ion 12 nhitng chit rin, dé& bi thiy phin
giai phong H, :

2M+H, = 2M'H
MH+H,0O = MOH+H;

+ Véi halogen: Kim loai kiém tic dung d& dang vé halogen tao mudi
halogenua 14 nhitng hop cha't ion dién hinh.

2M + X, = 2MX

+ Véi clor : Céac kim loai kiém bdc chdy trong khi clor khi ¢c6 mit hoi 4m &
nhiét d§ thudng.

+ V6i Brom 18ng : K, Rb, Cs n6 manh con Li, Na chi tuong tdc trénbé mit.

+ Vi lod : C4c kim loai kiém chi tuong tdc manh khi dun néng.
+ V6i S : X4y ra phan tng nd khi nghién kim loai kiém véi S.
+V6i N,, C, Si: Chi c6 Li tuong tic truc ti€p tao LisN, Li,C,, LisSi khi dun
nong.
6Li + N = 2LisN, AH = -47,2 kcal/mol

b. Tdc dung véi cdc hop chdt
- Vé6i acid : vi 1a kim loai manh nén kim loai kiém tdc dung rat manh liét véi

acid d€ gidi phéng H, :

2M+2H" = 2M'+H, T
- V6i HyO : kim loai ki€ém tuong tdc manh liét v6i H,O gidi phéng hydro
2M + 2H20 = 2MOH + H2

Li : khong cho ngon Ita; Na néng chdy thanh hat tron va chay trén mat
nuéc; K: boc chiay ngay; Rb, Cs : giy nd.
- V6i halogenua va cdc oxyd : kim loai kiém d& dang k&t hgp véi halogen va
oxy trong cic hdp chit nay dé€ gidi phong kim loai :
4Na + TiCly 4NaCl + Ti
2Li + CuO Cu + Li,O

- Véi amoniac : kim loai kiém tdc dung v6i khi NH; & nhiét d cao gidi phong

H, va tao amidua 12 mot ch4't rin mau tring:
2M + 2NH; = 2MNH,+H,T
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- V&i hdp chit hitu cd : kim loai kiém c6 thé ddy hydro linh dong cia cidc hop
cha't hitu co :
RC=CH+Na = RC=CNa +%H,T
ROH + Na RONa +%H, T

3. Trang thai tu nhién :

Do tinh hoat ddng h6éa hoc manh nén cdc kim loai kiém khong c¢6 § trang thdi

tu do trong thi€n nhién.
Na va Kali 12 nhitng nguyén t& phd bién trong vé qui dat.
- Ham lugng Na = 241%, K = 2,35%, Li = 0,11%, Rb = 0,002% va
Cs=0,00015% tng s6 nguyén ti.
- Khodng vat chinh c6 chtra Li 1a alumosilicate : Spodumene LiAI(SiOs3),
petalite (li, Na)AlSi4Oo
Na c6 dudi dang NaCl (nu6c bién, mudi md), NaNO3 (mé 16n & ChiLé)
Kali c6 trong thanh phﬁn cia xinvinite (KCl, NaCl); Carnalite
(KC1.MgCl,.6H,0), cainit (KC1.MgS0O,.6H,0), trong tro mdt s6 thyc vat dudi dang
carbonat.
Rb, Cs ¢6 14n trong cdc khodng chit clia Na va K véi sd lugng nhd.
Fr c6 1 lugng vo cung bé trong cdc quang chira Uran
27 Ac — P FrabH,

24 mj -
22387Fr gn 22388 Ra +B

4. Piéu ché :

- C6 2 phuong phép : dién phan mudi néng chdy va diing chat khit manh.

a. Di¢n phdn

Thudng diing nhi't 12 mudi clorua kim loai kiém néng chdy.

Vi du : Piéu ché& Na bing cich dién phan hdn hop NaCl-25%; NaF-12% KCl
dé ha nhiét dd néng chdy xudng 620°C (T nac1 = 804°C), anod bing than chi,
catod bing sit; c6 mang ngin anod va catod

2NaCl " 2Na~ + 2CI%
(catod) (anod)
V6i Li, ngudi ta dién phan hon hgp LiCl — KCIl néng chay.

b. Diing chét khit manh
K, Rb, Cs khé diéu ché& bing phuong phap dién phan mudi néng chdy vi ching
c6 T thap va dé bay hdi nén thudng diéu ché bing phuong phip diing chit khir
nhu C d€ khtt carbonat(M,CO3) & T° cao.
2C + MCO; —» 2M + 3CO
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Ciing c6 thé diing nhitng kim loai c6 tinh duong dién y&u hon nhung c6 T cao
hon nhu Ca, Mg, Al @€ khit ciac hydroxyd, oxyd, clorua, sulfua, carbonat kim loai
kiém & T° cao thich hgp trong chdn khong:

JRbCI + Ca 2 cacl, + 2Rbh

5. Ung dung :

Hop chit clia Na va K rit cAn thi€t d6i v6i con ngudi, dong thue vat : K 13 mot
trong 3 nguyén t6 thudng xuyén cung cip cho dit dé€ ting thu hoach miia mang, Na
can thi€t cho ngudi va dong vat giong nhu K cin thi€t cho ciy.

Na va K dudc ding d€ diéu ché peroxyd va amit. Na dugc diing rong rii trong
t6ng hgp hitu co, diéu ché cic chat cd kim.

Li dugc dung d€ diéu ché cdc hdp kim chi va hop kim coleron(Al — Zn — Cu —
Fe — Mn - Si — Li).

Rb va Cs dugc diing d€ ch€ tao t€ bao quang dién.

IIL. HGP CHAT
1. Oxyd :

- T4t c& déu & dang tinh thé 1p phuong c6 mau bi€n ddi tir tring d&€n da cam :
LiQO NaZO Kzo szo CSzO

tring tring tring vang dacam

T, T% va @6 bén nhiét gidm dan tir Li;O dé&n Cs,0.
- LiO tuong tdc chdm vdi nuc con cic oxyd khdc tuong tidc rdt manh, phdn
rng phéat nhiéu nhiét
M0 + 2H,0O = 2MOH + H;O
Trit LiO, cdc oxyd khéc tudng tic véi O, & nhiét dd thudng tao peroxyd; tac
dung v6i axid, v6i oxydacid tao mudi tudng Gng
Na,O + H,SOs = Na,SOs + HO
Na,O + CO, = Nay,COs

2. Peroxyd va superoxyd :

Tat cd déu la chitrin c6 mau tf vang d&€n da cam va hung

N3.202 KzOz szOz CSQOQ K02 Rb02 CSOz

vang nhat  vang  vang vang vang dacam  hung
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Kh4 bén vé6i nhiét, khong phian hiy khi néng chdy; hit m manh va chdy rita
khi d€ 1au trong khong khi.
- Tuong tic manh véi nuéc & T° thap gidi phéng H,O, (peroxyd) va cd O,
(superoxyd) — 1a nhitng chi't khir manh.
MO, + 2H, 0O — 2M(OH), + HO,

2M02 + 2H20 — 2MOH + H202 + 02
+ Na,0, : Bugc dung lam tdc nhan t€17y tréng, lam mit na ch6ng khi doc (Na,O,
+ CO = Na,CO3), cii tao khi thd trong tau ngdm (Na O, + CO, = Na,COs +

1/20,)
biéu ché bing cdch ddt Na trong O, : )Na + O, = NaO,

3. Hyvdroxvd :

Hydroxyd kim loai kiém 12 nhitng baz manh rat hio nuéc,hiit A{m manh, d6 tan

tdng theo nhiét d9; phan ly hoan toan trong dung dich :
MOH =M" + OH
Téc dung manh liét véi acid, oxyd acid tao mudi va nuéc
KOH + HCI = KCI + H,O
KOH + SO; =K,S04 + H,O

+ NaOH : 12 chdt rin mau tring khong trong sudt, hit 4m rat manh. D& tan
trong nudc (khi tan phat nhiéu nhiét) va rugu.

Ngudi ta bi€t dugc 1 s6 hydrat clia né nhu NaOH.H,O, NaOH.2H,O,
NaOH.3H,0; nudc trong hydrat chi mat hdoan toan khi ching néng chdy. O trang
thdai néng chay NaOH phd hdy dugc thdy tinh, s& va ca Pt (khi c6 mat khong khi)
nén mudn dun néng chdy NaOH thudng phdi dung chén Ni, Fe, Ag.

NaOH dudc dung d€ sin xuit cenlulose tif gb, sdn xuit xa phong, gidy, td
nhan tao, tinh ch& dau thyc vat va cdc sdn phdm chung cit ddu md, ché phaim
nhudm va dudc pham, lam kho cdc khi va 13 thudc thir rat thong dung trong cic
phong thi nghiém.

Diéu ch€ bing phuong phdp dién phan dung dich NaCl bdo hoa trong thiing c6
mang ngin 2 cyc, catod biing thép; anod biing than chi

2NaCl + 2H,0 d/:D 2NaOH + H, + Cb
(catod) (anod)

(mang ngin thudng 13 1u6i sit c6 phli amidng & ngoai).

Dung dich thu dudc & thiing dién phan c¢6 nong dd 8% va con 1an NaCl, khi co
dung dich d6 mudi dn sé két tinh, loc dung dich NaOH, dem c6 can, nau chdy rdi

do khudn.
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4. Mudi :

Phan 16n cdc mudi ctia kim loai kiém 12 hgp chat ion & dang tinh thé va khong
mau trtr nhirng trudng hop mau do anion gay nén.

Chiing thudng c6 T, cao va din dién khi néng chdy.

HAu hét cdc mudi kim loai ki€ém (trir mdt s6 mudi cta Li :LiF, Li,CO3, Liz;COy)

déu dé tan trong nu6c va phin ly hoan toan thanh cation kim loai kiém va anion

gdc acid.

- Mudi it tan 13 mudi cda anion 16n véi cation 16n (K', Rb*, Cs*/ClO4
[Co(NO2)6]™

+ Na,COs; (soda)

Na>COj3 khan 1a chit bot mau tring, hit 4m, d€ tan trong nudc, qua trinh tan
phdt ra nhiéu nhiét do tao thanh cic hydrat.

T dung dich & t© < 32,5°C : Na,CO; két tinh dudi dang Na,CO;.10H,O 1a
nhitng tinh thé don ta, trong sudt, khong mau, dé tan trong nuéc.

G t°=325+354°C : mit nude bi€n thainh Na,CO5.7H,0

t°>35,4°C : bi&n thanh Na,CO;.H,0
t°=107°C  : m4t nu6c hoan toan bi€n thanh mudi khan.

Do tan cda hydrat chita nhiéu phan tif nudc ting 1én theo T° con do tan cia
momohydrat lai gidm xudng.

Khi tan trong nuSc, Na,COsbi thily phan cho phin tng kiém :

Na,CO;+ H,O = NaHCO;+ NaOH

Soda dudc dung trong cong nghé thiy tinh, gdm, xa phong, phAm nhuém. N6
12 chit diu dung d€ diéu ch& nhitng chit quan trong nhu : soude, borax, thiy tinh
tan, cromat va bicromat.

- S4n xuAt:

* Phuong phdp Solvay (1864) : Cho khi NH3 rdi CO, qua dung dich NaCl bio
hoa. 5700

NaCl+NH; + CO, + H,0  +— NaHCO;{ +NH,CI
2NaHCO:s = Na,CO; +H,0 +CO,
Thuc chat 13 di tir phan ¥ng 2NaCl + CaCO; = Na,CO3 + CaCl, (khong thé x3y

ra) qua céc giai doan trung gian :

2(NaCl +NH,OH +CO, = NaHCOs{ +NH4C)
CaCO; = CO, +CaO
2NH,Cl + CaO = 2NH;+ CaCl + H,0
2NaHCO; = Na,COs+ CO, + H,0
2NaCl + CaCO; = Na,COs+ CaCl,
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CHUONG III :
KIM LOAI KIEM THO

I. NHAN XET CHUNG
Nhém II, (kim loai kiém thd) gdm cdc nguyén td : Beri(Be), Ma-nhé(Mg),
Calci(Ca), Stronti(Sr), Bari(Ba) va Radi(Ra).

Radi 1a nguyén t6 hi€m va phéng xa.

- Mot vai tinh chat chung cda cdc kim loai kiém thd :

Be Mg Ca Sr Ba Ra
v/ 4 12 20 38 56 88
C4u hinh e [He]2s® | [Ne]3s® | [Ar]ds® | [Kr]5s | [Xel6s | [Rn]7s”
Rui (A?) 1,13 1,60 1,97 2 2 2,35
Rionm' (A% 034 | 0,74 1,04 | 2,15 | 221 1,44
Eion nea 1 (kcal/ntg) 2149 | 1763 | 1409 | 1,20 1,33 121,7
Eion nea 11 (kcal/ntg) 419,9 | 3466 | 273,8 | 131,3 | 120,2 | 2349
Eion hea m (kcal/ntg) 3548,0 | 1848,0 | 118/1,0 | 254,3 | 230,7
Thé dién cuc (Pram)(V) 1,85 | 2,36 | -2,87 2,92
Khéi lugng riéng (g/cm’) 1,85 1,74 1,54 | -2,89 | -2,90 6,0
T’ (°C) 1285 651 841 2,63 | 3,76 969
T°(°C) 2470 | 1095 | 1495 | 770 727 1540
Po am dién 1,5 1,2 1,0 1390 | 1867

1,0 0,9

Niing lugng ion héa, thé dién cuc, ban kinh nguyén t, ban kinh ion ctia kim
loai kiém thd bién ddi déu tir Ca dén Ba.

Thé dién cuc clia Be cao hon so vdi cic kim loai kiém thd khéac trong khi thé
dién cuc clia Li lai thAp hon so vé6i cdc kim loai kiém khéc vi & Li c6 ning lugng
hydrat héa cao hon nhiéu so véi cdc kim loai kiém khdc bu lai cho ning lugng ion
héa nén Li ¢ th€ dién cuc thap hon. Trai lai, Be mic di ¢6 ning lugng hydrat héa
cao hon nhung khong thé bil lai ning lugng ion héa cao va ning lugng mang ludi
cda Be nén Be c6 th€ dién cuc cao hon cdc kim loai kiém thé khic.

Eion n6a 11160 hon Eion hea 1 khd nhiéu nén kim loai I, d& tao M* nhung thuc t&€ do
trong dung dich cdc cation M** ¢6 niing lugng hydrat héa cao, ning luong nay di dé
bu ddp ning lugng ion héa nguyén tf thanh M*. Vi vay trong hau hét cdc hop chat,
céc kim loai phan nhém II, ¢cé mitic oxy héa +2. Be tao nén chii y&u nhitng hgp
chat trong d6 lién két giita Be v4i nguyén td khdc 12 lién k&t cong hda tri ; Ca, Sr,
Ba, Ra chi tao nhitng hdp chat ion.
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Nh& phuong phdp nhiéu xa Rontghen cho thiy trong mot s6 hgp chat, kim loai
kiém thé c6 mic oxy héa +1 (Vi du trong CaCl dudc tao tir hdn hgp CaCl, va Ca
nung néng & 1000°)

Tir Be dén Ba tinh kim loai ting : Be ludng tinh, Mg 13 kim loai manh 16 rét;
Ca, Sr, Ba 12 3 kim loai manh hon. Nhung s6 vdi kim loai kiém cting chu k¥ thi kim
loai kiém thd kém hoat dong hon vi ¢6 ban kinh nguyén tif bé hon va dién tich hat
nhan 16n hon.

IL. PON CHAT

1. Tinh chat :
a. Ly tinh

- Cé4c kim loai kiém thd c6 mau tring bac hay xdm nhat. Trong khong khi Be
va Mg van giit dudc 4nh kim con cdc kim loai khdc m4t 4nh kim nhanh chéng.

- C6 T, T% va khdi lugng riéng cao hon cdc kim loai kiém, do citng cia kim
loai kiém thé c6 16n hon va gidm din tir Be d&€n Ba : Be cting nhit (vach dudgc thiy
tinh). Ba chi citng hon chi, nguyén do 13 lién k&t kim loai trong kim loai kiém thd
manh hon trong kim loai kiém vi s6 e lién két trong kim loai kiém thd 16n gip doi.

Su bi&n ddi T, T° khong theo mot chiéu nhu trong kim loai kiém vi cdc kim
loai ki€ém thd c6 cdu tao tinh thé khic nhau : Be, Mg c6 mang tinh thé luc phuong,
Ca va Sr 1ap phuong tAm dién, con Ba 14p phuong tAm khoi.

- Do dan dién riéng cla kim loai Il tuong duong kim loai ki€ém

- Trir Be va Mg, kim loai II5 va hop chit dé bay hdi cla chiing cling nhuém

mau ngon lra khong mau : Ca — d6 da cam, Sr — d6 son, Ba — luc hdi vang.

- D& tao hop kim vdi cdc kim loai khdc

b. Hoa tinh

Kim loai kiém thd 13 nhitng chi't khit manh, tinh khit ting din tit Be—>Ra.

- Tac dung vdi cdc nguyén to

+ V6i hydro : khi dun néng, céc kim loai Ca, Sr, Ba tdc dung dé dang véi hydro
tao hydrua ion MH,
Ca + H 4 CaH,
Trong diéu kién cé 4p suit 16n (200at) va c6 mit Mgl, thi Mg c6 thé két hop
véi hydro & 570°C tao MgH, (chat bot xdm, bén trong khong khi)
+ Vi oxy : 0 didu kién thudng va trong khong khi, Be va Mg bi bao nhanh bdi
16p oxyd rit méng va bén bdo vé cho chiing khdi tic dung tryc ti€p vdi oxy; Ca, Sr

va Ba thi tao 16p mau vang nhat ngoai oxyd con c6 mdt phan peroxyd v nitrua.
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Khi d6t néng trong khong khi, cdc kim loai kiém thd chdy tao nén oxyd MO,

phdn ng phat nhi¢u nhiét
2M + 0O, = 2MO

Riéng Mg khi chdy phdt ra 4nh sdng chéi va chita nhiéu tia tif ngoai nén dudc
diing 1am phéo sdng va trong nhi€p anh.

+ Véi halogen : khi dun néng, cdc kim loai kiém thd tuong tic minh liét véi
halogen tao halogenua MX; 13 nhitng hgp chat ion (trit BeCl, 1a hgp chit cong héa
tri).

M + X, = MX;

+VG6iN, S, P, C, Si: cic kim loai kiém thd tic dung khi dun n6ng.

Khi tuong tic véi C, riéng Be tao Be,C gidi phong CH, khi bi thiy phén, con
cdc kim loai kiém thd khic tao carbua MC, gidi phéng C,H, khi bi thiy phan.

Be.C + 4H,O = 2Be(OH), + CHy4
CaC, + 2H,O0 = Ca(OH)+ GCH;

Khi tuong tic vdi Si, cdc kim loai kiém thd tao silixua M,Si.

- Tac dung vdi cdc hdp chit :

+ Vi oxyd : do ¢6 4i luc 16n d6i v6i oxy, cdc kim loai kiém thd c6 thé khi
dudc nhiéu oxyd bén nhu B,03, CO,, SiO,, TiO,, Al,O3, Cry0s... khi dun néng.
2Be + TiO, = 2BeO + Ti
+ V6i HyO : ¢6 thé dién cuc tuong duong kim loai kiém, cdc kim loai Il vé
nguyén tic cé thé tuong tic d& dang v6i nudc gidi phdng Ha.
* Nhung thuc t&€ Be khong tudng tic véi H,O vi ¢6 16p oxyd bén bdo vé.
* Mg khong tan trong nudc lanh nhung tan chdm trong nudc néng
Mg + H,0 = MgOH), + HT
* Ca, Sr, Ba tan dugc trong nudc.
+ Vi acid : Be, Mg tan dé trong acid; Ca, Sr, Ba cling vay.
Be + 2HCI = BeCl + H
+ V6i kiém : Be tan dudc trong dung dich ki€m manh hay kiém néng chdy tao
mudi berilat va gidi phéng H,
Be + 2NaOH + 2H0 Na[Be(OH);] + H,T
Be + 2NaOH(nc) Na,BeO, + HZT
+ VG6i NH318ng : Ca, Sr, Ba tan trong NH3 16ng cho dung dich mau xanh thim.
Khi 1am bay hdi dung dich nay thi thu dudc tinh thé vang 6ng M(NH3)s.

Nhitng phitc chit nay ciing nhu dung dich cda kim loai kiém thd trong NH;
16ng khi c6 mit chdt xic tdc thi bi€n thanh amidua
Ca(NH3)6 = Ca(NH2)2 + 4NH; + H;
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Calci hexaamin

Ca + 2NH; = Ca(NHz)z + H,
Khi dun néng & 4p suat thap, amidua bi€n thanh imidua
Ca(NH,), = CaNH + NH;

Amidua va Imidua ciia kim loai kiém thd 13 nhitng hdp chdt ion chi bén & dang

tinh thé va tuong tic manh v6i nude tao hydroxyd va NHs.

2. Trang thai tu nhién :
Ca, Mg 12 2 nguyén t& phd bi€n nhit : Ca = 1,5%; Mg = 1,7%; Sr=0,008%; Ba
=0,005%; Be ~ 0,001% tdng s6 nguyén tif.

Ching chi ton tai trong thién nhién & dang hop chat, chi yé&u 1a silicat,
carbonat va sulfat.

Khodng vat chi yé&u clia Be 1a Beryl (Be3AlSigOg); cia Mg 1a carrallite
(KCIL.MgC(Cl,.6H,0),Magnesite(MgCOs), dolomite (MgCO;.CaCO3), da talc
(Mg3Si4019(OH),), amiant (MgeSi;O;;(OH);H,0), Mg con c6 trong chit diép luc
ctua ciy.

Ca & trong calcite, dd voi, da ph?fn, da hoa, thach cao, florit (CaF,), apatit...

Sr va Ba c6 trong khodng vat celestite (SrSO,), Strontianite (SrCOj3), Baryte
(BaSO,), Witherite (BaCO3).

3. Ung dung :

Mg dugc dung rong rai ¢ dang hgp kim.
Be dung lam vat liéu cho 10 phdn tng hat nhan vi né rat bén nhiét, bén cd hoc,
bén héa hoc ddng thdi lai khong giff cdc neutron sinh ra trong 10 phan ng; 1am cifa

s6 6ng Roentghen, trong cong nghé mdy bay va dién ky thuat.

4. Di¢u ché :

Nguyén tic chung l1a dién phan mudi halogenua néng chiy hay diung cdc chat
khir dé khit oxyd hay mudi ctia ching thanh kim loai.

- Be dién phan hon hgp BeCly(50%) va NaCl(50%) néng chdy trong binh dién
phan véi cuc 4m bing Hg va trong khi quyén Argon. (T, =300°C trong khi T°,
Bect2 = 440°C).

- Mg : dién phan carnalite hay hdn hgp ctia mudi Mg”* va clorua kim loai kiém
& 700 — 750°C, thung dién phian lam biing thép dong thdi 1a cuc Am, cuc duong 1a

mot thanh than chi dit trong dng sit x6p dé khi clor thoat ra. P& tranh khong khi
oxy héa kim loai Mg 18ng ndi trén cht dién phan, ngudi ta cho mdt dong khi H, di
vao thung di€n phan.

* Thu MgCl, nguyén chat tit nudc bién : cho nudc bién tic dung v6i voi hay
stta dolomit, loc tda hydroxyd rdi cho tdc dung véi HCL.
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* Loy Mg®" tir nu6c bién bing cich diing nhya trao di ion, rita nhya da trao
ddi @6 bing HCI s& dugc MgCl,.

* Dung than c6c khit MgO ché tir Magiezit hay dung ferosilic (hgp kim Fe-Si)
khit hod hoc MgO va CaO ché tir dolomite trong chin khong & t° cao

MO + C 2 Mg + CO

CaO + MgO + FeSi 1500 Mg  + Silicat Ca va Fe

- Ca, Ba, Sr: dién phan mudi clorua néng chdy hay dung Al, Mg khit mudi d6
trong chan khong & 1100 — 1200°C

- Ra : di€én phan dung dich RaCl, véi dién cuc Pt.

IIL. HOP CHAT
1. Oxyd :
a. Ly tinh

- La chat bot hay cua mau tring, khi niu chdy trong 10 dién rdi dé€ ngudi,
chiing két tinh & dang tinh thé.
BeO : luc phuong
MO khéc : 1ap phuong
Vi O% ¢6 kich thudc nhd nén ning lugng mang phu thudc vao bdn kinh cation
nén oxyd clia cation nhd bén hon oxyd cda cation 16n do ning lugng mang ludi
gidm.
- Niing lugng mang 1u6i rat 16n cho nén cic MO rat khé néng chdy va rit bén
nhiét, chiing c¢6 thé bay hdi ma khong phan hiy
BeO MgO CaO SrO BaO

Emang 1si (Kcal/ptg) - 938 841 792 756
T’w(°C) 2552 2800 2570 2460 1925
T°(°C) 4200 3100 3600 2500 2000

b. Hoa tinh
Dang tinh thé 1uén ludén kém hoat dong hon dang bot.
- V6i HO : BeO thyc t&€ khong tan trong nu6c
MgO dang bot x6p tan it va rat chAm trong nudc.
CaO, SrO, BaO tan dé trong nudc tao hydroxyd, phin tng tda

nhiéu nhiét

MO + HzO = M(OH)2 + H2
- V6i oxyd acid va acid : tdc dung dé dang tao mudi tuong ing
BaO+ CO, = BaCO;

riéng BeO khé tan trong acid nhung dé tan trong kiém tao berilat.
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- V6i kim loai kiém H, Si : MO bi khtt d&€n kim loai.

c. Ung dung
- BeO : lam ch4t xdc tdc, chén nung, 16p 16t trong ctia 10 dién, dung trong cong
nghé thady tinh.
- MgO : 1am gach chiu Iita, diéu ch€ Mg va xi ming Mg.
- CaO : lam vat liéu x4y dung, phan bon, chit chdy trong luyén kim.
- Sr, BaO : dung trong c6ng nghé thdy tinh va men.
d. Diéu ché
Nguyén tic chung 1a dung than khit mudi carbonat khi dun néng
C + BaCO; = BaO+ 2CO
hay nhiét phAn mudi carbonat, nitrat hay hydroxyd ctia ching
CaCO; 2 CaO+ CO,
St(NO3), 2" ,8r0 + JNO, + O
BaCO; ¥ BaO+ CO,

2. Peroxyd :

Giong kim loai kiém, cdc cation kim loai ki€ém thé c6 ban kinh 16n ciing c¢6 kh3
ning lam bén mot s§ anion 16n nhu peroxyd, superoxyd.

- Khuynh huéng tao thinh peroxyd bén ting tif Be d&€n Ba do r ting

* Be khong cho peroxyd

* Mg chi tao peroxyd ¢ dang hydrat

* Ca, Sr, Ba tao peroxyd MO; 1a chit bdot mau tring va khé tan trong nudc.
Dung dich ctia chiing ¢6 phan ng kiém va c6 tinh chat clia H,O,.

- Khi dun néng, peroxyd phan hdy thanh oxyd va O, nén & dang rin hay trong
dung dich, MO, déu c6 tinh oxy héa nhung v6i chdt oxy manh hon ciing thé hién

tinh khi.
- Piéu ché : Cho H,0, tic dung v6i hydroxyd tuong Gng
Ca(OH)z + H202 + 6H20 = C302.8H20

Ca0,.8H,0 '&% CaO, + 8H,0
Riéng SrO; va BaO, c6 thé diéu ché biing cich cho oxyd tic dung truc ti€p v6i
OXy.
»SrO + O =  5»S5r0O,

3. Hydroxyd :
a. Ly tinh
- Céc hydroxyd M(OH), khan déu & dang bdt mau tring.
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- Be(OH), va Mg(OH), rit it tan trong nu6c, Ca(OH), tuong ddi it tan, cdc
hydroxyd con lai tan nhi€u trong nuéc. Khi két tinh tir dung dich, chiing thudng &
dang hydrat tinh thé khong mau (ctia Be va Ca  dang M(OH),.nH,O con clia Sr va
Ba 1a M(OH),.8H,0).

- Kém bén nhiét, khi dun néng chiing mi't nudc bi€n thanh oxyd.Po bén nhiét
ting : Mg(OH), mat nuéc & 150°C con Ba(OH), & 1000°C.

b. Hoa tinh
Trong dung dich chiing 1a nhitng baz va tinh baz ting tit Be(OH), d€n Ba(OH),,
riéng Be(OH), con tan dugc trong dung dich ddm dic hydroxyd hay carbonat kim
loai kiém
Be(OH),+ 2NaOH = Nay[Be(OH)4]

c. Diéu ché

- Be(OH),, Mg(OH), cho kiém tdc dung v6i dung dich mudi tuong tng
BeCl, + 2NaOH = Be(OH),y, + 2Na(Cl

- Sr(OH),, Ba(OH),, Ca(OH); : cho oxyd tdc dung v6i nudc.

4. Mudi :
Mudi clia kim loai ki€ém thd déu & dang tinh thé, trong dung dich phan ly hoan
toan thanh ion. C4c ion kim loai kiém thé ciing khong mau.

Trong cdc mudi kim loai kiém thd :

- C4c mudi clorua, bromua, lodua, acetat, sulfua, cyanua va thiocyanat déu dé&
tan.

- Mudi florua kho tan (trir BeF, dé tan).

- Mudi sulfat cia Be va Mg tan nhiéu con cic sulfat khdc it tan, it tan nhat 1a
BaSO..

- Cdc mudi cromat, oxalat, phosphat va carbonat déu it tan.

Do tan clia cdc mudi phu thudc vao 2 yé&u t6 : ning lugng mang ludi cia tinh

thé mudi va ning luong hydrat héa ciia cation

* P61 véi mudi cia anion c6 kich thude nhd (r nhd) : y&u t6 quyét dinh dén do
tan 12 ning lugng mang 1ugi; do tan ting khi r* ting
Vi du : Tir CaF, d&€n BaF, : do tan ting

KCal CaF, BaF,
Emang ludi ( ptg )
' 624 566
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* POi véi mudi clia anion c6 kich thuéc 16n (r” 16n) yé&u t& quyét dinh d€n do
tan 12 ning lugng hydrat héa (ning lugng mang lu6i xem nhu khong ddi vi r* ting
khong ddng k€ so v6i r nén r* + r ~ const), dd tan ting khi r* nhd (ning lugng
hydrat héa 16n)

Vidu : Tir CaSO4 d€n BaSOy, : do tan gidm

2 2+ 2+
Ehydrat héa o Ca Sr Ba

P 377 308
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CHUONG IV :
CAC NGUYEN TO PHAN NHOM 111,
I. NHAN XET CHUNG

B Al Ga In Tl
Cau hinh e [Hel2s2p' | [Ne]3s?3 | [Ar]3d'%4s? | [Kr]4d'?Ss”S | [Xe]4f'*5d'"6s?
Rucir cong hoa i 0,80 p' 4p' p' 6p’
(A 8,30 1,25 1,22 1,50 1,55
Elonhéa1(€V) khong xd 5,98 6,00 5,79 6,10
Thé dién cuc dugc -1,66 -0,53 -0,34 +0,72
(V) 2,01 1,5 1,6 1,7 1,8
b6 am dién

- Bdn kinh nguyén t, ning lugng ion héa thay ddi hoi bat thudng & cic
nguyén t6 Ga va Tl do cdc nguyén t6 ndy nim ngay sau cdc nguyén td d va cdc
nguyén t6 f nén chiu sy dnh hudng trirc ti€p clia s co d va co f. Do vay, tinh kim
loai clia cdc nguyén t& Ga, In va Tl lai gidm hon so véi Al

- B 1a nguyén t§ khong kim loai duy nhat trong phdn nhém vi né c¢é bdn kinh
nguyén tif nhd hon hin; cic nguyén td con lai déu 12 kim loai B lai thudc chu ky 2
c6 kha ning hinh thanh lién k&t khdc cdc nguyén t§ con lai nén héa hoc cia B c6
nhiéu nét khic héa hoc clia cdc nguyén t& con lai. Nét giong nhau duy nhat clia
cdc nguyén t6 nay 1a s6 e héa tri giong nhau nén thé hién cic s6 oxy héa tuong tu
nhau, chiing déu c6 s6 orbital héa tri 16n hon sd € héa tri nén déu c6 thé hinh thanh
lién k&€t héa hoc nhd st dung cdc e ddc than va céc orbital trdng.

* S6 oxy Am khong dic trung ddi v6i cdc nguyén t& phadn nhém nay chi c6 B
do c6 tinh chat khong kim loai nén tao dudc hgp chat v6i kim loai trong d6 chiing
c6 s6 oxy 4m (cdc nguyén t6 con lai tao hdp kim vdi cdc kim loai khdc).

* C4u hinh e héa tri nsznp1 nén vé nguyén tic chiing c6 thé mat 3e d€ cho
M?*. Nhung & B do kich thudc nhd nén khong cho ion B** ma chi cho nhitng hgp
chat cong héa tri (ning luong ion hda clia B rat cao nén khong duge bu dip di bsi
ning lugng mang tinh thé€ clia mudi ion hay ning lugng hydrat héa cda nhitng ion
trong dung dich).

M -3¢’ = M (M: Al Ga,In, Tl)
Vi Eionhsa I <<Eion néa 11+ m nén Al, Ga, In va Tl cdn c6 mic oxy +1 (TI1* bén)
Lién két trong cdc hdp chat clia Al(3+), Ga(3+), In(3+), Te(3+) mang dic tinh

ion cdng hoa tri.
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- Trang théi lai héa dic trung ctia B 1 sp® v6i s6 phdi tri 4. (Trang théi lai héa
sp> vGi s6 phdi tri 3 chi gip trong hgp chit véi cdc nguyén t8 tao dugc lién két n
theo cd ch€ cho nhin véi orbital trdng clia B).
CL Cl H H— -
g7 ~.
N
Cl H H

Al ¢6 s8 phoi tri 4(sp’) va 6(sp’d?), trong d6 s6 phdi tri 6 thudng gip hon (s&
phdi tri 4 gdp khi cdc phdi tif ¢6 kich thude 16n hay tao dudc lién két m véi orbital
trong cda Al).

Tir Ga dén Tl sy tham gia clia cdc van dao f vao trang thdi lai hda ting dan :
s6 phoi tri dic trung ciia Ga 12 6 con ciia T11a 7 (sp’d’f) va 8(sp’d*f).

- TAt c& déu c6 sd e héba tri < s6 van dao héa tri nén ching thudng tao thanh

céc hop chat thi€u e bing cdch tao cdc lién k&t cAu v6i cdc nguyén tif ciu ndi 12

H, Cl, Br...
Vidu
H /H /H Cl ZCL o Cl
~ ~ ~ ~
y B ~ B - y Al\ = Al\
H H H Cl Cl Cl

- Kha niing hinh thinh déng mach X — X — X khong dic trung vi cdc nguyén ti

B, Al... vin con cdc van dao trdng.

Céc ddng mach clia B chi gip trong dang don chat va mdt s6 borua kim loai.
- Khé niing tao cdc di mach X == O = X va X == N == X dic tritng hon vi cdc lién
k&t dugc 1am bén nhd su tao lién k&t giita cdc orbatal trong clia B, Al véi cip e

chua lién két clia cdc nguyén tif cau noi.

I1. BO

A.DPON CHAT

a. Cdu tric - Iy tinh
B tinh thé c6 vai dang thi hinh trong d6 bén nha't 1a dang t& phuong — cdc dang
tinh thé déu dugc xay dung tit cdic nhém nhd By, (hinh 20 mat déu) lién két véi

nhau bing nhitng cach khdc nhau — lién két giita cdc nguyén tif B trong mdi nhém
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B, manh hon lién két giita cdc da dién nay véi nhau. B tinh thé c¢6 mau den xdam,
c6 tinh ban din, citng khé néng chdy (T, = 2300°C), hau nhu khdng tan trong cic
dung moi.

Ngoai dang tinh thé, B con ton tai & dang vo dinh hinh 1a mot chdt bot mau

nau sam.

b. Hoa tinh

Do c¢6 tinh chat clia khong kim loai, B thé hién c4 tinh khi¥ va tinh oxy héa
nhung tinh khtt thé hién rd rang hon.

Ot thudng B kh4 tro vé mit héa hoc : n6 chi bi Flor oxy héa cham, khong tic
dung v6i cac don chdt va hgp chdt khac — chi khi dun néng né mdi tdc dung vdi
nhiéu nguyén t3.

- Tinh oxy héa : 0] trang thdi néng chdy, B c6 thé oxy héa mdt s6 kim loai tao
thanh cdc borua kim loai (phan 16n cdc borua c6 thanh phin va cu triic phic tap :
M,B, M,B, M;B,, MB, M3B,4, MB,, MBg, MB5,... trong d6 cdc nguyén ti B c6 thé
k€&t hgp véi nhau thanh tirng doi, thinh mach hay mach vong...)

Tuy diéu kién, modt nguyén t& c6 thé tao nhi€u borua c6 thanh phan khac nhau.

Vidu: Nb;B, Nb3B,, NbB, Nbs;B4, NbB,, CryB, Cr;B, CrB, Cr3;By, CrB....

- Tinh khit :

* V§i phi kim : Khi dot néng (400 — 600°C), B c6 thé phan ng vdi O, S, Cly,
Bry; trén 1200°C, v6i N, cdc phdn ttng ctia B vé6i phi kim déu tda nhiét.

bic biét phan dng ctia B v4i O, tda nhiét I6n :

2B + 3120, — By0s3 ; AH = -302 kcal/mol

B,0; rdt bén nén B c6 thé khit dude cic oxyd bén nhu SiO,, CO; :

4B + 3Si0, — 3Si + 2By03

* Vi HyO : § t° thudng B khong tac dung véi H,O nhung khi nung d6, B khi
dudgc hoi nuée :

2B + 3H,0 — B,0Os3 + 3H,

* V6i acit : chi c6 HNOs, HySOy4 dic va nude cudng thiy tac dung duge véi B

va chuyén né thanh axit boric
B + 3HNOs3d — H3;BOs; + 3NO;

* Vi kiém : & dang bdt min, B ¢6 thé tan trong dung dich kiém dic néng hay
trong kiém néng chdy

B + NaOH + HO — NaBO, + 3/2H;

* V@i NH3 va NO : khi dun n6ng, B tao thanh BN

B + NH; — BN + 3/2H;
5B + 3NO — 3BN + By0s
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c. Diéu ché
- Phuong phdp nhiét kim loai : ding Mg hay Na khtt cdc hgp chat cda B (diéu
ch€ B k¥ thuat dang vo dinh hinh :

KBF; + 3Na —- B + KF + 3NaF
B,0; + 3Mg — 2B + 3MgO
(2B + Mg — MgB;

6Mg_B2 + 12HCl — B4H1() + H2 + 6MgC12 + SB)
- Phian hiy nhiét cdc hgp chit kém bén ciia B (BI;, Boran) : diéu ché B tinh
khiét

=)
(@)

B,H, °%F 2B + 3H,
Hay
2BBr; + 3H; — 2B + O6HBr

B. HGP CHAT

1. Bo oxyt (B;03),:
Vi s6 phdi tri clia B 12 3 va 4 nén phan tit c6 14p B,O3 vdi cau tric

/ O \]13,36A°

B® 95° 1,2A°

o/ o

Chi ton tai & trang thdi khi
B,0; tinh thé ¢6 ciu tric polimer dugc hinh thanh tr cdc tam gidc déu BO;

(v6i B § tAm) ndi vdi nhau qua cdc O chung :

O O _ O

B—O —B ~

O O O
T°, = 2250°C

~B—0
~

Khi 1am lanh B,0; néng chdy thudng tao thanh dang thdy tinh. Trong dang
thiy tinh (B2O3),, cdc nhém BO; sdp x&p mot cdch vo trat tu.
- B,O; rat bén, hdt 4m manh, khi hoa tan trong nudc tao thanh axit boric
B0, % WwBoO HBO, O H,BO;,

axit tetra boric axitmetra boric axit orto boric

Hé6 Bich Ngoc Khoa Héoa Hoc



Simpo iz d/\ Fehdi TGt Oy @jstered Version - http://www.simpopdf.com - 35 -

B,03 néng chdy hoa tan dudc nhi€u oxyt kim loai tao thdy tinh borat (ding
B,0; ché thiy tinh va men dd sit).
2B,O; + Na,O - Na,B40O,
- Piéu ch€ : Nhiét phan H3BO3

2. Axit boric :

Thuc ra qud trinh hoa tan B,O; trong nudc ciing 13 qud trinh cit dit dan cdc di
mach B-O-B do tic dung ctia nuSc. Cdc sdn phadm trung gian 13 cdc axit poly boric
véi thanh phin khic nhau, cdc axit nay khong bén nén khong diéu ché ra dugc &
trang thdi tu do, trong dung dich nudc chiing s& chuyén vé dang orto boric (H,BO3)
bén hon o o

(B203), + H0O — (H;B407), — HBO, — H3;BO;

Nguoc lai n€u 1am ma't nuéc H3BOs, cdc di manh B-O-B lai xuit hién va cudi
cung s€ thu dugc B,0s.

H;BOs két tinh dudi dang tinh thé mau tring hinh vdy nhon. Tinh thé c6 ciu
triic 16p : trong mdi 16p, cdc phan t& H3BO; lién k&t v6i nhau bing lién két hydro
con giita cdc 16p lién k&t bing lyc Vander Waals.

H3BO; tan vira phdi trong nuéc, dd tan ting manh khi ting T° (O°C :
S=19,47g; 100°C : 2,91,2g / 11 H,0)

- H3;BOs 12 axit 1 nac va rit yéu :

H:BO; + H,0  * [B(OH4 + H';K=10"

H3;BO; khong phan 1y nhu cdc axit khdc ma k&t hdp v6i OH clia H,O gidi
phéng H do nguyén tr B con 1 orbital tréng nhian cip e tu do ctia OH'.

Trong dung dich lodng ( C < 0,025M) chi thdy ton tai cdc ti€u phin don nhin
B(OH); va [B(OH)4]” nhung khi ndng dd cao hon hay khi gidm nong do H" trong
dung dich thudng c6 su polymer hoa.

3B(OH); *— [B303(OH)4] + H" + 2H0
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Vi ciu tric

HO\
/B -0

o) S \B— OH
B —o”

HO \OH

Chinh vi vay khi trung hoa H3BOs biing cdc baz thudng thu dugc mudi cla axit

poly boric (mudi ctia ortoboric khong diéu ché& dudc).

2NaOH + 4H;BO; — Na,B,0; + 7H,0
N€&u du kiém : 2NaOH+ Na,B,0 — 4NaBO, + H,0

- H3BOs; tuong tac v6i rugu (CH30H, C,HsOH) khi ¢c6 mat H,SO4 dic tao nén
ester; khi dudc dot chdy, ester cho nécs)(r)l ldu’a mau luc dim
H:BO; + 3CH;OH — B(OCHj3); + 3H,O
metyl borat
- Piéu ch€ : Khai thdc tryc ti€p tir ty nhién (khodng xa — x6lin) hay diéu ché tir
borat.
Na,B,O;+ 2HCI + 5H,O — 4H3;BO; + 2NaCl

3. Borat :

Borat c6 cu tric phifc tap, ty thudc viao bin chat clia baz va diéu kién ti€n
hanh phan 'ng ma thanh phin va ciu tric cla cdc borat sé& thay doi.

Khi két tinh tir dung dich nu6c s& thu dudc borat ngdm nuéc con khi ndu chdy
axit boric hay oxyt bo v4i oxyt kim loai s€ thu dugc borat khan.

Chi ¢6 borat kim loai kiém 13 dé& tan.

Du6i ddy 12 than phin va ciu tric clia mot s6 borat :

- Na,B407.10H,0 : natri tetraborat (borax) cé thé viét 1a Na,[B4Os(OH),4].8H,0O
H >

[B,O5(OH)4]*
- KB;5035.4H,0 c6 thé viét 1a K[Bs50¢(OH)4].2H,O
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B—O O—B
e Now |

[BsOs(OH)4]

- Ca(B0Oy), (Canxi metaborat) : trong thanh phan cé anion (BO,), cdc cation

dugc sdp x&p giita cdc mach :

0" 0
- _~
/O—B 0O—B
0—B So—s8 0—8 L
o
(Bol)n_n
- Na3B3O6
0
~
B_O
- ]
0 B_O
~B_o0"
0~
[B306]’ "

* Na,B40O7 dugc st dung nhiéu nhat. N6 13 1 chat két tinh khong mau, tinh thé
don ta, tuong doi it tan trong nude. Khi dun néng, né néng chdy trong nudc két tinh
va mat nudc dan chuyén thainh mudi khan néng chdy & 878°C thanh dang thiy tinh.

Na;B407 néng chay hoa tan nhiéu oxyt kim loai tao meta borat ¢c6 mau déc
trung.

Na,B,0; + GC,0 — 2NaB0,.C,(B0O;); mau lam
3Na,B4,0; + CrO; — 2[3NaB0O,Cr(BO;)s;] xanh luc.

— Borax dugc ding d€ 1am sach bé mit kim loai khi han (han the), né ciing
dudc dung trong héa phan tich &€ nhan biét cac kim loai.

Khi cho cic polyborat tic dung véi axit thi cdc di mach B_O_B lai bi bé gay
va sé& két tinh dudc axit ortoboric.

Borax khi tdc dung v6i H,O, s€ tao natri perborat (NaBO,.H;0,.3H,0)
(NaBO3.4H,0) c6 tinh oxy héa manh nén dugc ding lam chat tdy tring

Na,B4O7; + 2H,0,+9H,0 — 2(NaBO,.H,0,.3H,0) + 2H3;BO;

III. NHOM

A.DON CHAT

1. Tinh chét:
a. Ly tinh
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Al kim loai két tinh trong hé 14p phudng tim dién, 1a kim loai mau tring bac
khi d€ trong khong khi tr§ nén xam vi c6 mang oxyd méng dudc tao nén trén bé
mat. T = 660%; T’ = 2327°C

Al 18ng rat nh6t, dd nhét d6 gidm xudng khi cho thém nhitng lugng nhé Mg
hay Cu nén trong hgp kim didc ctia Al ¢6 Cu.

O t° thudng, Al tinh khi€t khd mém, d& ddt mdng va kéo sgi, b& mit cla Al rat
tron bong, ¢6 kha ning phan chidu t6t 4nh séng va nhiét. O t° 600°C Al tr& nén don
va dé nghién thanh bot.

Al 12 kim loai din dién va din nhiét t8t, nhe (ty khoi 2,7); c6 khd niing tao hdp
kim v6i cdc nguyén t6 khéc.

Vi du: Duralumin (94%Al, 4%Cu, 2%Mg, Mn, Fe, SI)

b. Hoéa tinh

Al 12 kim loai hoat dong twong d6i manh nhung & diéu kién thudng bé mit cia
Al bi bao boc bdi mang oxyd rit méng va bén lam cho Al trd nén kém hoat dong
(khong bi 11 trong khong khi, bén v6i nude).

- Tac dung véi cdc nguyén to:

* V§i oxy: diy Al hay 14 Al day khong chdy khi dugc d6t néng manh ma néng
chdy trong mang oxyd. L4 Al rit mdng hay bdt nhom khi dugc d6t néng cé thé
chdy phdt ra 4nh sdng chéi va nhiéu nhiét.

4A1 + 30, = 2A1L0; , AH = -399 kcal/ptg

* VGi halogen : Al tuong tic véi Cly, Br, & { thudng, véi I khi dun néng.

* VGi Ny, S, C : Al tuong tic & t” khd cao(700 — 800°C).

- Véi cdc hop chat:

* V&i H,O: mang Al,O; da cdch ly nhom v6i nue. Néu ta ch€ héa Al v6i Hg

thi thdy Al tdc dung v6i nu6c (Iic nay khdong tao mang rin AlLO; vi giita cdc
nguyén t& Al c6 xen ké cac nguyén ti Hg).
2Al + 6H,0 = 2AI(OH); + 3HT

* Véi acid: aicd vO co 4n mon nhdm dé dang (riéng H,SO4, HNO; diic ngudi
thu dong hoa Al).

2Al + 6H;0 + 6H,0 = 2[AIH0)” + 3H,T

Céc acid hitu cd, dic biét 12 acid béo in mon Al khong ding ké nén Al dudgc
dung 1am dung cu niu in.

* Vi kiém : Al tan trong dung dich kiém manh gidi phéng H,

2Al + 20H + 6H,0 = 2[AI(OH)] + 3H,T

Al + 30H + 3H,0 = [AI(OH)]” + 3H,
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* V6i oxyd : do ¢6 4i luc 16n d6i v6i oxy nén Al 1a chd't khit manh & t° cao, né
khir d& dang nhiéu oxyd kim loai d&€n kim loai ty do.
2Al1 + CrOs; = AlLO; + 2Cr, AH=-126 kcal/ptg
Vi vay, Al dugc diung d€ diéu ché cic kim loai khé bi khtt va khé néng chiy
nhu Cr, Fe, Mn, Ni, Ti, Zr, W. Biing phuong phdp nhiét nhom, diing hdn hgp gdm
25%Fe3;0,4 va 75% bot Al d€ han nhanh va ngay tao chd nhitng chi ti€t bing sit, khi
chdy hdn hop d6 c6 thé cho T® = 2500°C.

2. Trang thdi tu nhién:

Al 13 nguyén t6 ph bi€n trong ty nhién, chi€m 5,5% tdng s6 nguyén tik, ditng
tht 4 sao O, H va Si. Chi yé&u tip trung vao cdc aluminosilicat nhu
ortholaz(H,0.A1,03.6S10,),mica(K,0.2H,0.3A1,03.6Si0,),nefelin[(Na,K),0.Al,O3.
2Si0,]. Khodng vt quan trong cua Al 1a kaolinit (Al,03.2Si0,.2H,0), cryolite
(NasAlFg), bauxit (Al,O3.xH,0).

3. Diéu ché:

Tru6c kia,ngudi ta diung kim loai kiém khtr mudi AICl; hay natritetra
cloroaluminat (NaAICl,) & trang thdi nong chay.

AICL; + 3Na = Al + 3NaCl
NaAICl; + 3Na = Al + 4NaCl

Gi4 thanh cla Al cao d&€n ndi Al chi dugc ding lam db trang sifc.

- Hién nay: dién phan hdn hgp néng chdy gom 6-8% Al,O3 va 92-94% NasAlFg
gdm cdc giai doan sau:

* Tinh ch€& chit oxyd nhom: dun néng bot bauxit nghién v6i dung dich NaOH
40%trong ndi 4p suit & 150°C va 5-6 atm.

AlLbO; + O6NaOH + 3H,O = Nas[AI(OH)¢]
Loc dung dich va dung nudc pha lodng ta thu dugc két tia AI(OH)3
Na;[Al(OH)s] < AI(OH); + 3NaOH
Loc két tia va dun & 1200-1400°C, thu dugc AlLOs tinh khiét.

* Piéu ch& cryolite tir AI(OH); va Na,COs trong HF
2A1(OH); + 12HF + 3Na,COs; = 2Naj[AlFs] + 9H,0 + 3CO;

* Pién phan § t” = 960°C, dién 4p 5V va I = 140.000A. Thing dién phin gdm
c6 vo bing thép bén trong 16t gach chiu Ira, cwc duong 1a nhitng thdi than 16n ndi
véinhau va cdm vao thung dién phin, cuc 4m 1a nhitng 16p than nim & ddy thung.

Al sinh ra & cuc 4m, tip trung ¢ ddy thung dugi dang 16ng, oxy bay 1én & cuc
duong tdc dung vdi than clia cyc d6 tao hdn hgp khi CO + CO; lam cho cwc  bi dn
mon nén trong qud trinh dién phin phdi ha thdp dan cuc duong xudng.
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dp
Phuong trinh dién phan : 2A1,03 = 4Al + 30,

) (+)

- Phuong phdp clor héa dit sét: dung dit sét dem nung, nghién nhd, cho dong
khi Cl, di vao dit sét; Al trong dit sét tich ra dudi dang AICl; rdi diing bot Mn dé
khit AICI; & 230° )

3Mn+ 2AICl; 23:0 2Al1 + 3MnCl,

B. HOP CHAT

1. Nhém oxyd (AL,03):

ALLO; c6 nhiéu dang thi hinh, bén nhit 13 tinh thé ALOszo (hinh thoi) va
ALOsy (1ap phuong).

* Trong co cAu ALOsa, cdc ion OF x&p theo cd cdu luc ling dic, cdc ion AL™
chi€m cdc 15 trong trong mang tinh thé, vi vay ALOsa rat rin chic.

Dang thu hinh Al,Os;a gdp trong thién nhién dudi dang khodng vat corundun
(chita >90% Al,05). Corundun tinh khi€t khong mau va trong sudt nhung do thudng
14n tap chd't nén c6 mau duc hay mau ban.

Corundun ¢6 T, rat cao (ZOSOOC) va rit ctng (chi thua kim cuong), tinh chiu
Itta 16n nén dugc dung 1am vat liéu mai dudi dang vong corundun hay gidy nham.

Céc corundun ¢6 mau va trong sudt 1a Rubi (hdng ngoc : mau dd, chita tap chat
Cr’"), xaffir (bich ngoc : xanh, chita tap chi't Fe**, Fe**, Ti*").

* Al,Osy 1a tinh thé 1ap phuong khong mau va khong ton tai trong thién nhién.
AL O3y dugc tao nén khi nung AI(OH); & 550°C, né nhe va it rin chic hon, ¢6 dién
tich ngoai rat 16n) nén dudc diing lam chat hip phu dung trong phép sic ky.

- C4c dang tinh thé Al,O; rit bén vé mit héa hoc, khong tan trong nudc va
acid. Kiém chi phd hdy ching khi d6t néng lau.

3 1000°C, n6 tuong tdc manh v4i hydroxyd, carbonat, hydrosulfat va disulfat
kim loai kiém & trang thai néng ch3y

AlLOs; + Na,CO; = 2NaAlO+ CO,
ALOs  + 3K5S,0; = Al(SO4); + 3KySO4

- Trong cong nghiép, ALL,O; dudc di€u ché bing cidch nung AI(OH); & 1200-
1400°C.

2AI(OH); L ALO; +  3H0

- Phin chid y&€u ALLO; dugc ding dé luyén nhom, diing lam vat liéu chiu Iira,

AL,O; tinh khi€t con dudce diung 1am xi ming trdm ring (28,4% AL, O3).
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2. Nhéom hydroxyd AI(OH);:
- AI(OH)3 12 mdt k&t tda nhay mau tring, thuc t€ khong tan trong nu6c, khong
c6 ki€n triic tinh thé.
K&t tiia nay chita nhiéu nuée, d€ 1au né6 mat nuc dan va khi sa'y kho rdi nung
d&€n mat nude hoan toan, né bi€n thanh oxyd. Ngoai sy mat nudc két tinh, két tda
d6 con mat nude do sy ngung tu nhitng phan t AI(OH);.

OI OI OI OI Qs }ll
/I_I \ ................. /I_I \ .................. /I_I \ /I_I \ /I_I \ /O \
Al Al Al Al Al Al
H O H O H @) H O 0] O
0] H O H O H 0] H

Sv ngung tu gifta cic nhém _ OH ti€p tuc 1am mat nudc cho dén khi chi con
oxyd nén két tda nhay cida Al(OH); 1a hydrat ctia oxyd c6 thanh phan bién ddi tir
Al,03.nH,0 (n>3), qua Al,03.3H,0, Al,O3.H,O (AIOOH) dén Al,O:s.

- AI(OH); 1a chat ludng tinh dién hinh, khi mdi k&t tda né dé tan trong cic

dung dich acid va baz :

Al(OH); + 3H;0% = [AI(H.0)]**
Al(OH); + OH + 2H,0 = [AI(OH)4(H;0),]", Hay [AI(OH),]
[AI(OH),T + OH = [AIL(OH)s]*
[AI(OH)s]* + OH = [AI(OH)e]*

Mudi khan thu dugc khi lam bay hdi dung dich natrihydroxyd aluminat la
NaAlO, (mudi clia acid meta aluminic HAIO, hay AIOOH).

Tinh acid ctia AI(OH); rdt yéu nén mudi aluminat bi thdy phan manh trong
dung dich ddm dic va bi thiy phdn hoan toan trong dung dich lodng cho k&t tia
hydroxyd va mdi trudng ki€m, nén khi pha lodng dung dich aluminat hay suc khi
CO, vao dung dich d6, AI(OH); sé két tlia.

- Piéu ché& biing cich cho dung dich kiém hay nu6c amoniac tic dung véi dung
dich mudi nhom.

A+ 30H = AI(OH)

3. Nhom sulfat va phen nhom:
a. Nhom sulfat
Nhom sulfat khan 13 chdt bot mau tring, bi phan hiy & t° > 770°C. Tir dung
dich nudc, né6 két tinh & dang hydrat Al,(SO4)3.18H,0 1a nhitng tinh thé don ta
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trong sudt (phén don). Khi siy trong chin khong & 50°C mat b6t nude chuyén thanh
hydrat Al,(SO4)3.16H,0 va khi dun néng d&€n 340°C, mat nudc hoan toan bi€n thanh
mudi khan.
Nhoém sulfat tan trong nuGc ¢é phat nhiét va dung dich ¢6 phan @ng acid do
thiy phan.
Al (SOy); + O6H, O = 2AI(OH); +  3H,SO4
Al(SO4); dé k&t hgp véi sulfat kim loai kiém tao mudi kép
M;S04.Alx(SO04)3.24H,0 (phen nhom).
- Cong nghiép diéu ché& Al,(SO,); biing cdch dun néng bauxit véi H,SO, dic
AlLLO; + 3H,SO4 = Al(SOy); +  3H,SO4
loc, c6 lai trong mdi trudng trung tinh s& dudc sulfat hydrat 1a phen don.

b. Phen nhom

Phén 12 mot loai mudi kép c6 cong thitc MSO4.E(SO4)3.24H,0
M: Na, K, Rb, Cs, NHy4, Te
E: Al, Cr, Fe, Ga, In, Te, Co

Chiing ddng hinh vdi nhau va tao nén nhitng tinh thé bat dién dep khong mau
hay c6 mau.

Phén nhom kali K»SO4.Aly(SO4)3.24 H,0 12 tinh thé bat dién khong mau, ¢6 vi
hdi chua va chdt, tan trong nudc ¢ thu nhiét va khi tan dé bi thity phan cho két tda
Al(OH)s:

AP + 3H,0 < AIOH); + 3H'
Phén nhdm dugc ding d€ danh trong nudc, 1am chdt cAm mau trong viéc nhudém
vai, ding d€ thudc da, hd gidy.
Trong cong nghiép, diéu ch& phén nhom tir dat sét: Nung dat sét d€ khit nu6c
roi cho tdc dung voi H,SO4 ddc va néng, tich dung dich ra, thém K,SO4 vao dung

dich r6i cho bay hoi va d€ ngudi thi c6 phen két tinh lai.
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CHU’QNG V:
CAC NGUYEN TO PHAN NHOM 1V,

I. NHAN XET CHUNG
Nhém IV gdm cédc nguyén td : Carbon ( C), Silic (Si, Germani (Ge), thi€c (Sn),
chi (Pb). Quan trong nhit 1a C va Si vi C 1a nguyén t§ cd s& trong linh vuc sinh vat

va Si la nguyén t8 cd s& trong linh vuc khodng vat.

- Mot vai tinh ch't clia cdc nguyén t6 phadn nhém IV 4.

C Si Ge Sn Pb
x* 7 6 14 32 50 82
# C&uhinhe [He]2s*2 | [Ne]3s®3 | [Ar]3d'%4s? | [Kr]4d''5s? | [Xel4f'*5d'%6
* R nguyén t& (kl) p’ p’ 4p* 5p* s%6p*
(A% 0,77 1,34 1,39 1,58 1,75
R cong hod tri (A% | 0,77 1,17 1,22 1,40 1,46
R ion M** - - 0,65 1,02 1,26
R ion M* - 0,34 0,44 0,67 0,76
*+ Eionhod I 259,6 188,0 182,0 169,3 171,0
(kcal/ntg) 562,2 379,6 3674 3374 346,0
E ion hod II 1104,0 | 7177 789,0 703,2 376,4
(kcal/ntg) 1487,0 | 1041,0 1050,0 939,1 975,9
E ion hod III 2,5 1,8 1,8 1,8 1,8
(kcal/ntg) - - 0,05 -0,136 -0,126
E ion hod IV 3,520 2,42 5,32 7,30(Sn tg) 11,34
(kcal/ntg) 3750 1415 937 232 327
* Do am dién - 3250 2850 2620 1745
OE4+/E(V)
khoi
lugngriéng(g/cm’)
T’nc (°C)
T%(0°C)

- C4'u hinh e ho4 tri ns*np*:
Do t6ng ning lugng ion hod kha 16n nén chiing khé mat 4e hod tri d€ tao M*.

Mit khdc, do Am dién va 4i lyc dién t¥ cling chita di 16n nén ching khong thé két

hop thém 4e tao M*-.
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Mudn dat ciu hinh e bén, nhitng nguyén t nguyén t6 IV tao nén nhitng cip e
chung cta lién k&t cong hod tri va trong cic hdp chat, chiing c6 nhitng mic oxy hod
—4.,+2.+4.

Trong cdc mic oxy hod duong dic trung, khuynh huéng cho mic +4 giam
xudng va khuynh huéng cho mitc +2 ting tir C d€n Pb.

Ning lugng cla lién két E-X thudng gidm xudng theo trat ty Si-X, GeX, SnX,
Pb-X (X: halogen). Con tir C d&n Si, Eg x trong nhiéu trudng hop (X=F, CI, O...) lai
ting 1én mic du Si c6 ban kinh nguyén ti 16n hon C, s& di vy vi nhitng nguyén t&
Si, Ge, Sn & trang thdi lai hod sp® c6 kh4 ning tao lién k&t  cho kiu p—d giita
cip e tr do clia nhitng nguyén tir F,CL,0... véi orbital d trdng clia nhitng nguyén ti
Si, Ge, Sn trong khi C khong c6 orbital d nén khong c6 khd ning d6. Tuy nhién C
c6 kha ning tao thanh lién k&t «t ki€u p-p (CH;=CH,, CH=CH) ma nhitng nguyén t&
kia khong c6.

Ning lugng trung binh ctia mot s6 lién k€t (kcal/ntg)

Nguyén H C F Cl | Br I 0
to
C 99 83 116 79 66 57 82
Si 76 69 120 86 69 51 88
Ge 74 71 - 85 68 50 -
Sn 71 68 - 82 65 47 -

- Pic di€ém ndi bat clia cdc nguyén t6 IV, 12 kha ning tao thanh mach dai clia
cung cdc nguyén t6 d6. Khuynh huéng nay gidm xudng tr C dén Pb:

* C 1a nguyén t& duy nhdt c6 thé tao nén nhitng mach C-C dai hang trim

nguyén ti.
* Mach Si-Si ngin hon ra't nhiéu va c6 trong day hgp chat SizHans1, SinXons (X:
F, C])

* Ge chi tao nén nhitng hydrua c6 lién két Ge-Ge

* Sn khong tao nén hydrua va halogenua nhung cho hdp chit polyme kiéu
(R5S1)n ¢6 mach vong hay mach thing (R: g&c huii co)

* Pb khong c6 hop chit c6 lién két Pb-Pb nhung trong hgp kim NasPb, va
NayPby c6 nhitng anion gdm nhiéu nguyén ti Pb.

Su gidm kh3 ning tao mach nay c6 thé dugc gidi thich mot phdn bing sy gidm
d0 bén cta lién két E-E tir C dén Pb

Lién két C-C Si-Si Ge-Ge Sn-Sn
Ex (kcal/ntg) 83 52 40 37
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Nhd kha ning tao lién k&t C-C, C-H va lién két nt ki€u p-p voi cdc nguyén ti C,
N, O nén C c¢6 kha niing tao rat nhiéu hgp chi't huii co.

- Trong céc hgp chat, s phoi tri clia cdc nguyén t§ IV, ting 1én tir C dén Pb.
Piéu nay dudc gidi thich bing su ting s6 orbital nguyén ti tham gia lai héa tir sp’
dén sp’d?, spd*f*

VD:

CF4-SiFs” -GeTs +SnFs" PbFs*: s6 phdi tri ting tit 4 & C d€n 8 & Sn va Pb.

- Sy bi€n d3i tinh chit trong cdc nguyén td IV khong x4y ra dot ngdt ma tudn
tu

* C 1a nguyén t& khong kim loai dién hinh

* Sn, Pb 12 kim loai di€n hinh

* Si, Ge 12 nguyén td trung gian. V& mit héa hoc, Si 12 nguyén t& phi kim
nhung vé mit 1y hoc lai 1a nguyén t& nita kim loai, Ge vé ca hai mit Iy hod déu la

nguyén t6 nita kim loai.

II. CARBON

A.DON CHAT

1. Tinh chit:

a. Ly tinh

Tuong ng voi cac trang thai lai héa khac nhau, C & cdc dang thu hinh khéac
nhau: sp3: kim cuong; spz: graphit; sp: carbin.

- Kim cuong: tinh thé kim cuong thudc hé 14p phuong, mdi nguyén tit C & trang
thai lai hod sp3 lién k&t cong hod tri voi 4 nguyén tif C bao quanh theo kiéu hinh tif
dién déu khodng cdch giita cdc nguyén t& C 1a 1,545 A’. Mang 1u6i hinh thé kim
cuong 1a ki€u mang Iu6i nguyén ti di€n hinh. Toan bd tinh thé c6 ki€n tric rit déu
din nén thyc t&€ tinh thé 12 mdt phan ti khong 15.

Nho kién tric nhu vay, kim cudng c6 ty khoi 16n (d=3,51), citng nhat trong tat
¢4 cdc chat, T'ne, T ra't cao. Kim cuong khong din dién va tit ca e déu dudc bén
vitng trong lién k&t C-C.

Tinh thé trong sudt, khong mau va c6 chi s6 khiic xa rit 16n nén trong 14p ldnh
va dep (khi chira tap chittinh thé trd nén c6 mau va duc)

- Tuy nhién kim cuong lai don, c6 thé nghién trong c6i sit thanh bot.
- Thanh chi (graphit): c¢6 ki€n tric 16p, mdi nguyén tit C & trang thdi lai hod sp2
lién k&t cong hod tri voi 3 nguyén tif C bao quanh cling nim trong mot 16p tao

thanh 6 canh, nhitng vong nay lién k&t voi nhau thanh 16p vo6 tan. Sau khi tao thanh
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lién k&t, mdi nguyén tt C con le trén orbital 2p chua lai hod sé& tao nén lién két
véi mot trong 3 nguyén tif C bao quanh, lién két © trong than chi 1a khong dinh chd
trong toan 16p tinh th€ d.. = 1,415 A% vi vay than chi khdc kim cuong & chd : ¢
mau xdm, cé dnh kim, din nhiét va din dién.

Khodng cdch giita céc 16p 1a 3,35A° (biing tdng ban kinh Vander Waals ciia 2
nguyén tt C) nén cdc I6p trong than chi lién két voi nhau bing Iyc Vandenwaals, vi
vay, than chi rit mém, s vao thdy tron, dé tdch thanh 16p.

Than chi c6 ty khdi bé hon kim cuong (d=2,32) nén mudn chuyén than chi sang
kim cuong thi can 4p sudt cao.

C (kim cuong) — C (than chi), AH = 0,5 kcal/ptg

Than chi bén hon kim cuong. Qué trinh chuyén kim cuong qua than chi x3y ra
rat cham & t° thudng nén kim cuong c6 thé tdn tai lau dai & diéu kién thudng. Khi
dun néng & 1500°C trong diéu kién khong c6 khong khi thi kim cuong sé& bién thanh
than chi.

- Carbin : ngudi ta tdng hgp dudec mot dang tinh thé nita clia carbon 1a carbin,
d6 12 mot cha't bot mau den chira 99%C. Tinh thé thudc hé luc phuong ciu tao tir
nhitng mach thing Ca, trong d6 mdi nguyén tif C tao thanh hai lién k&t o va . d..
=1,28A° (trong mach), dc..= 2,95A° ( giita cic mach ) . Carbin 12 chi't ban dan.

C (carbin) 22%°C € (than chi)

- Carbon vd dinh hinh: gdm c¢6 than gd, than c6c, md héng,... thuc t€ 1a nhitng
dang vi tinh thé ciia than chi. Tinh chat vat 1y clia cidc dang than trén phu thudc vio
nguyén liéu ding dé€ diéu ch& va phuong phdp diéu ché & ° rit cao, cic dang vo
dinh hinh ctia C déu chuyén thanh than chi. Tinh chit dic biét nhit clia than vo
dinh hinh 13 kha niing hip phu.

- C v6 dinh hinh khong ¢6 mdi vi, khé néng chiy (3500-3700%), khé bay hdi,
khong tan trong cdc dung mdi thdong thudng nhung tan trong nhiéu kim loai néng
chdy nhu Fe, Co, Ni, Cl ho Pt va k&t tinh dudi dang than chi khi d€ ngudi cdc dung
dich dy.

b. Hod tinh
O ¢ thudng, C rat tré vé& mit héa hoc con & € cao, né tdc dung truc ti€p véi
nhiéu kim loai va khong kim loai. C v6 dinh hinh hoat dong hon C tinh thé, trong C
tinh thé thi than chi hoat ddng hon kim cudng.
C thé hién tinh khtt, tinh oxy hod ctia C thé hién rat y&u.
- T4c dung vdi cdc nguyén td:
* VGi Oxy: khi chdy trong khdng khi, C tuong tic vdi oxy theo phén tng:
C + 0O = CO,, AH =-94kcal/ptg
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Phdn rng nay tda nhiét nén than dudc duing 1am chit dot. Ngoai khi CO», trong
san phdm con c6 mot lugng khi CO va lugng nay cang ting thi " cang cao vi § "
cao, C da kht CO,.

C + CO; < 2CO,  AH =41,2kcal/ptg

* Phan Gng ny thu nhiét, £ ting 1am cin biing chi dich sang phdi nén & ° cang
cao, ty 1& CO trong hdn hdp sin phdm cang 16n. T°<500°C: sin phdm phin dng hiu
nhu 12 CO, va trén 900°C chi 1a CO.

Vi ly do d6, ngud ta cho ring phan dng chdy cta C trong khong khi con c¢6

phan tng phu: ,C + Oy = 2CO , AH =26,4kcal/mol.
Voi S: hoi S tuong tic v6i than d6t néng tao carbon disulfur CS,
CcC + 28 = CS,, AH = 26 kcal/ptg

CS; 12 mot chit lugng khdng mau dude diing 1am dung moi t&t cho nhiéu don
chdt va hgp cha't. Vi kim loai: & t” rd't cao, C tic dung véi kim loai tao carbua kim
loai 14 nhitng chat tinh thé thudng khé néng chdy, khong bay hdi, khdng tan trong
bat ky dung mdi ndo.

2C + Ca £ CaG'; Be + C—> BeC
* Véi hydro: & diéu kién hd quang dién, C tic dung voi H, tao hydro cacbon
CH,4,CH,, CoHy. ..
* V6i hop chdt: C thé hién tinh khit, § T° cao, né khir dugc hgp chi't nhu nudc,

clorat, acidnitric, acid sulfuric diac tao CO,, CO.

C +H,0 " CO +H,
C +2H,SO04(dnéng) = CO,+ 2SO, + 2H,0
Pic biét, C khir dude oxyd clia nhiéu kim loai gidi phéng kim loai tu do.
c+z0 'Y co+zn

2. Trang thdi tu nhién:

- Ham lugng C trong v4 qui dat =0,14% tong s6 nguyén ti¥, tuy khong phai 1a
nguyén t& phd bi€n nhung né cé vai trd quan trong vi hop chit cia C la cd sd cia
moi sinh vat. N6 c6 & trang thdi tw do nhu kim cudng, than chi, than d4, than gb...
Mot lugng 16n C nidm trong hai khodng vat la canxit (CaCOs) va dolomit
(CaC03.MgCO03), dau mé ciing 12 hdp chit chira C.

- Pdng vi bén 'C=98,89% ,"*C =1,11% ;ddng vi phéng xa "*C

“IN+'on— LH +MC
3. Ung dung:

-Kim cuong diing 1Am dd trang sitc. Trong cong nghiép do c6 tinh ciing dic
biét, né dugc diing 1am miii khoan, ludi dao cét thily tinh, kim loai...
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- Than chi diing d€ ché tao dién cuc, hdn hop than chi va dat sét dung lam 16i
bt chi.

- Than c6c¢ diing luyén kim khi luyén kim loai tif quing.

- Than gb diing trong k§ nghé luyén kim mau, diing cho céc 10 rén, ding dé€ ché
thuSc sting den. Vi c6 khd ning hap thu nén con dugc ding d€ tdy mau, tdy mii,
lam mit na phong chong hdi doc.

- M6 héng diing ché muc tau, muc in, 1am chit don trong k§ nghé gia cong cao

su den.

4. Diéu ché":
TAt ca kim cuong, than chi thudng dudc khai thac trong tu nhién.
- Biéu ché& kim cuong tir than chi
1800 —3800°C, kI chuyén
C (than chi) ti€p
60.000 —120.000 atm
- Than chi dugc diéu ché bing cdch két tinh C vo dinh hinh & t° cao.

C (kim
cuong)

- Than gb dugc tao nén khi dot chdy gb trong diéu kién thi€u khong khi.

- Than mudi thu dugc khi nhiét phan mot s6 hgp chat hitu co dé bay hdi trong
pha khi hay khi d6t chdy khong hoan toan nhya hic in, naphtalen, sin phim diu
mo.

- Than cdc dudc diéu ché khi chung kho than d4.

B. HOP CHAT

1. Carbon monooxyd (CO):
_Cuhinh e (6% (6,9 (1) () (%2

Phan tt CO ciing nhu phin tif N, ddng e voi né c6 lién két ba. Hai trong ba
lién k&t dugc tao thanh nhd sy ghép doi e, con lién k&t thit ba dugc tao thanh theo
co ché cho nhan (nhd orbital tréng 2p cia C va cip e tu do cia O).

- Ciu tao: :C =0:

Phan t CO c6 ning lugng lién két 16n (255,8 kcal/mol), do dai lién k&t nhd
(1,128A0) va momen ludng cyc khong 16n (1 =0,118 D)

a. Tinh chdt
CO c6 khdi lugng phan ti¥, tdng s6 e va cAu tao phan ti giong Nanén c6 mot s6

tinh chat 1y hod giéng N, .
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- Ly tinh: CO ciing 12 mdt khi khong mau, khong mui, khé héa 16ng, khé hoa
rdn (= - 204°C, T% = -191,5°C), it tan trong nudc, rit bén voi nhiét (6 6000°Cvin
chua phan hiy). CO l1a mét khi doc.

- Hod tinh: gi6ng N», CO kém hoat dong & t° thudng nhung & t cao, kha ning
kht ting 1€n manh.

+ Tinh kh:

* Vai Oxy: & 700°C, CO chdy trong khong khi v4i ngon Ita mau xanh va phdt ra

nhiéu nhiét nén CO dudc diing 1am nhién liéu d€ @6t 10, chay dong cd nd.

CO + 0O, = 2CO; ,AH =-67,5 kcal/ptg.
* V6i S : khi d6t néng, CO bi S oxy ho4:
CO+ S = COS

* V6i Cl, : khi chi€u sdng hay c6 mit chdt xtc tdc nhu than hoat tinh thi CO
tdc dung vdi Cl, tao photghen:
CO + Cl, = COCl, (4nh sdng: diéu kién thudng)
Photgen dé diéu ché lai hét sitc ddc va ning hon khong khi nén dugc ding 1am
bom hoi ngat trong chi€n tranh th€ gigi thi nhat.
* CO c6 thé khtt dugce oxyd ctia nhiéu kim loai:
3CO + Fe,O3 = 2Fe+ 3CO;
* Trong dung dich c6 khit mudi kim loai quy nhu vang, Pt, Pd d&€n kim loai tu
do.
CO + PdCl, +H,O =Pd +2HCI +CO,
+ Tinh oxy héa: khi twong tic véi hydro, CO thé hién tinh oxy héa tao nén cic
san phadm khac nhau tuy theo diéu kién khic nhau.
VD:
CO +3H, &N CH,+ H0
CO +2H, ¥VCH™ coH
+ Tinh két hgp: do trong phan t¥ con 6 hai cip e tu do nén CO két hgp dugc
vdi nhiéu nguyén t& chuyén ti€p dén tao thanh phitc chat (phitc carbonyl) trong dé
CO déng vai trd phoi tir.

Cr + 6CO = Cr(CO)
3d 4s 4p Co
c. [P MMt ) COQ_.{_CO
PR
—— ] e
Cr: ! NS D Co CO

CO

Tao lién két voi cdc cip e cia CO
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CO + Hb = COHb (Hb: Hemoglobin).
COHDb 12 hdp chdt bén lam cho Hb khdng dugc nhiém vu cla chat tdi oxy tir
phf;i dé&n cdc mao quin clia cdc co quan dong vat nén CO 12 mot khi doc.
+ CO khong tuong tic véi nude va kiém & t° thudng nhung & t° cao va dp sudt
cao, tuong tic d6 xay ra:
CO + NaOH  202C  HCOONa
b. Didu ché o
- Trong phong thi nghiém: cho H,SO4 dic vao HCOOH 16ng va dun ndng
HCOOH 0@ co  + HO
Hay cho HCOOH téc dung véi acid Clo sulfenic & t° thudng
HCOOH + HSOCl = H,SO, + HCI + coOf
- Trong cong nghiép: CO dudc sdn xuat duoi dang khi 10 gaz, khi than, khi hdn
hop.
Khi 10 gaz : 25% CO, 70% Na, 4% CO, (% vé thé tich) : dot chay khong hoan

toan than trong 10 gaz.

2. Carbon di oxud CO;:

- V6i 16 e héa tri tng voi cAu hinh 2s*2p* ctia C va 2s™2p* ciia O, phan ti CO, &

trang th4i co bdn c6 cAu hinh e™:
(250)°(256)* (0" (6, (yy ) (") (")’
— Phan t& CO, c6 hai lién két o va 2 lién két
- Phan i c6 cdu tao dudng thing O=C=0 , p =0
Dy = 1,162A"% Ey =192kcal/ptg

a. Ly tinh

- CO; 1a chat khi khong mau, ¢c6 mui va vi hoi chua, ning hon khong khi.

- Tan vira phdi trong nudc, d& héa 18ng, d& hod rin : *, = - 57°C & 5atm, & 4p
sudt 60atm va t° thudng, né bi€n thanh chi't 1dng khong mau va linh dong. Khi dugc
lam lanh d6t ngdt, né bi€n thanh khdi rin mau tring gidng nhu tuyé&t goi 1A tuyét
carbonic (nugc da kho).

- R4t bén nhiét: & 1500°C chi méi phan hiy thanh CO va O, voi ty 1& 1,5% va &
2000°C : 75%

2C0, < 2CO0  + 0,, AH’=13,5kcal/pte

b. Hod tinh
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- CO, khi bén vé mit hda hoc, khdng duy tri sy chdy va su song, tuy khong doc
nhung voi nong d6 CO, trong khong khi >3-10% thi trung vong than kinh bi r6i
loan, mat tri, ngirng thd (tng dung bao quin thuc phim)

V6i nhitng kim loai c6 4i Iuc 16n ddi voi oxy thi van ti€p tuc chdy trong CO

2Mg+ CO, = 2MgO +C
- Khi CO; tan tuong doi nhiéu trong nudc (1,7L CO,/LH,0); khi tan trong nudc,
phin 16n CO, & dudi dang dudce hydrat hod v mdt phan tuong tdc voi nudc tao acid
carbonic.
COz(k) + H,O < CO; (ddnc) < HCOs
* CO, bi dung dich kiém hap thu rit manh dé€ tao mudi
CO, + NaOH =NaHCO;
NaHCO3;+ NaOH =Na,COs3 + H,O
* ( didu kién thudng, CO; c6 thé két hop vGi khi NH3 kho tao amoni carbamat
ONH4
CO, + 2NH; = O = C/
\NH2
Amoni carbamat khi dugc dun néng d&€n 100°C dudi dp sudt 200 at s& mat

nuéc bién thanh uré:

/ONH4 200at /NH2
0 =C = 0=C g + H,0O
NH, 100°C NH,

c. Trang thdi tw nhién - Ung dung- Piéu ché

- Trang thai ty nhién: trong khi quuyén ciia qua dat, CO, chi€m 0,03% (vé thé
tich). Khi CO, sinh ra trong qud trinh hd hap clia sinh vt va qué trinh thoi rita cla
x4c sinh vat.

- Ung dung: CO; diing d€ diéu ch& uré, san xui't soda va mot s mudi cacbonat,
axit salysilic, trong cong nghiép thuc phdm, CO, diing d€ ché cic loai nudc giai
khat; C6 nhiét dung 16n va it hip thu neutron nén dudc diing d€ lam nguodi mot s&
10 phan tng hat nhan.

- Diéu ché:

* Trong cong nghiép: dot chdy hoan toan than cdc trong O, hay khong khi. La

sdn phaAm phu clia qud trinh nung vdi va qud trinh 1én men rugu cla dudng glucoza.

C6H1206 = 2C0O, + C2H5OH
* Trong phong thi nghi€ém: cho d4 voi tdc dung véi HCl trong binh kip
CaCO; + 2HCI = CaCl, +H,O + CO,
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3. Acid carbonic:

- Acid khong bén, khong thé tich ra & diéu kién thudng.

- La acid y&u, trong nuéc phan ly theo 2 nic
H,CO; + H,0 < H;0" +HCO5 ,K;=4,16.107

H2COs+ H,0 < H0" +CO;” , Ko=4,84.10"
— Phédn tng dudc v6i nhitng baz manh. Khi d6, né cho hai loai mudi: hydro
carbonat va cacbonat

H,CO3 + NaOH = NaHCOs;+ H;O
NaHCOz;+ NaOH = NaCO; + H,O

4. Muéi carbonat:

- Cac anion HCOy5', C032' khong mau nén cdc mudi hydro carbonat va carbonat
clia cation khong mau déu khong mau.

- Trong cdc mudi carbonat, chi c6 carbonat kim loai kiém va ainoni 1a dé tan.
Dung dich mu6i tan cho moi trudng kiém vi mudi bi thity phin:

COoy” + H0 & HCO; + OH

Mudi hydro carbonat dé tan hon so v6i carbonat. T4t cd cdc mudi hydro
carbonat ctia kim loai kiém, kiém thd va mot vai kim loai ho4 tri 3 déu tan nhiéu
trong nudc tror NaHCOs hai it tan.

O nhiét do thudng, HCOs™ bi thily phdn khong ddng k€, khi dun néng d6 thiy
phin ting rd rét cho mdi trudng gan trung tinh: (acid yé&u)

HCO; +H)0O = H,CO; + OH

- Khi bi nung néng, trir carbonat kim loai kiém (néng chdy ma khong phan

hiy) cac carbonat khac phan hdy gidi phéng CO, va oxyd kim loai
caco; & ca0  + ot

Mudi hydro carbonat cda kim loai kiém khi nung néng dé chuyén sang

carbonat :
ONaHCO; & Na,CO; + H,0 + CO;

- Ung dung: cdc carbonat thién nhién cda calci, Magie va mot s& kim loai khdc

dugc diing dé diéu ché& khi CO, va cédc oxyd kim loai.
CaCO3 va MgCO; duge dung nhiéu trong k§ nghé silicat va trong luyén kim. ..

111 SILIC
A.DON CHAT
1. Ly tinh:

- Su ton tai dudi hai dang thi hinh: Si tinh thé€ va Si vo dinh hinh
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* Si vo dinh hinh 1a ch4t bot mau hung x4m

* Si tinh thé c6 kién tric 1ap phuong giong kim cuong.

Trong mang 1u6i tinh thé€, mdi nguyén tir Si lién k&t cong hod tri voi 4 nguyén
t&¥ Sibao quanh ki€u hinh ti dién déu (sp’)

dsisi = 234A°

Si tinh thé rit cing, khé néng chdy va khé bay hai ( *=1475 °C; t% = 3250°C)

Si 1a chat ban din, cé 4nh kim, mau xdm.

Silic khong tan trong cdc dung mdi ma chi tan trong mdt sd kim loai néng chdy
nhu: Ag, Al, Zn. Khi d€ ngudi nhitng dung dich d6, Si s& két tinh (ing dung d€ diéu
ch€ Si tinh thé).

2. Hod tinh:
O diéu kién thudng, Si khé tré v& mit hod hoc vi mang tinh th€ rat bén. Si vo
dinh hinh hoat dong hon Si tinh thé .

a. Tinh khit
+ V6i don chat:
- Vi oxy: Si chdy trong oxy, phdn ttng phat ra nhi€u nhiét
Si + O = SiO, , AH =-208,3kcal/ptg
- V6i halogen:
* F, tuong tic voi Si & t° thudng tao SiF,
* V6i Bra, Clo: & 500 tao SiCly, SiBry
Si + 2Xp = SiXy (X:F, Cl, Br)
- V6i S, Ny, C: Si tuong tdc G nhiét do cao tao SiS,, SizNy, SiC.
+ VGi hdp chat:
- V6i H,0: & t° thudng, Si khong tuong tic véi H,O nhung & t° cao c¢6 xay ra

phén tng:
Si + 2H,0 8020C Si0, + 2H;
- Vé6i acid: § diéu kién thudng Si bén d6i v6i acid va chi tan trong hdn hgp
HF+HNO;
3Si + 4HNO; + 18HF = 3H,SiFs + 4NO + 8H,O
- Véi kiém: Si tuong tdc minh liét v6i dung dich kiém gidi phéng H,
Si +2NaOH +H,0 = NasSiO; + 2H,T
(Na,SiO; dé bi phan hiy trong nuéc
Na,Si03 + 3H, O = H4SiO4 + 2NaOH).

b. Tinh oxy hoa
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- V6i kim loai: Be, Mg, Cr, Sr, Ba, Mo, W, Mn, Fe, Co, Ni, Cu, Pt & 800-9OOOC,
Si twong tac v4i kim loai tao silixua
2Mg + Si = MgSi
Mg,Si + 4H,O0O = 2MgOH), + SiH4

3. Trang thdi tu nhién- Ung dung- Diéu ché:
a. Trang thdi ty nhién
- Si thién nhién gdm 3 déng vi bén:
*Si : 4,68% o 08i:3,05% 5 *’SiT92,27%
- Chi€m 16,7% tdng nguyén t trong vé qui dat.
-G dang khodng, dat sét, cao lanh, oxid (c4t, thach anh)
Vi du: Kaolin : Al,0,.2510,.2H,0

b. Ung dung

- Si ¢6 vai trd quan trong doi vdi th€ gidi vd co, dude dung chii y&u trong cdc
hdp kim: Fero-Silic...

- Si nguyén chat dugc dung lam chit ban din trong k§ thuat dién ti.

- TUr Si ché tao ra pin mit trdi c6 khd ning chuyén ning lugng mit trdi thanh
dién ning va cung cAp cip dién cho cdc thi€t bi vo tuyén dién va vién thong trong

cac con tau vi tru.

c. Diéu ché

- Trong cong nghiép :

* Si k§ thuat v6i do tinh khi€t 95-98%, dugc diéu ché & dang khdi 16n khi diing
than c8c hay CaC, khit thach anh trong 10 dién & t° cao:

Si0, + 2C = Si + 2CO

3510, + 2CaC, = 3Si + 2Ca0+4CO
* Dung hoi kém khit SiCly

27Zn + SiCly = Si + 2ZnChL

* Dung Al khir K,SiF:
2Al + 3K,SiFg = 3Si + 2K3AlFg + 2AlF;
* Duing nhiét phan hay Si
SH;, = Si + 2H"
- Trong phong thi nghiém:

* P&t chdy hdn hop gdm bot Mg va cit nghién min
Si0, + 2Mg= Si + 2MgO
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Cho hdn hgp san pham tic dung v6i HCI va dung dich HF; MgO va SiO, du sé
tan con Si § dang bot vd dinh hinh

Mg + 2HCI = MgCl, + H

MgO + 2HCI = MgClL + H0

2Mg + Si = Mg,Si

MgSi + 4HCI = MgCL + SiHy

Si0, + 4HF = SiF, + H,O
B. HOP CHAT

1. Silic dioxyd SiO,:
- SIO; 12 hgp chat polyme (SiO,),, khong ton tai titng phin t riéng ré ma &
dudi dang tinh thé (1 phan tir khong 10).

—Si —0—Si—O0

0 )

—Si —0—Si—O0

- @ diéu kién thudng SiO, tdn tai & ba dang thd hinh: thach anh, trydimiteva

crsytobalite; mdi dang thi hinh lai ¢6 dang o bén & t” thap va dang B bén & nhiét

do cao.
1470°
870°C C
Thach anh = tridymitef3 = crystobalite 3
N573°C ngo_ N200-275°C
160°C
Thach anh « Tridymite a Crystobalite a

Tinh thé bao gdm nhitng nhém ti dién SiO4 ndi véi nhau qua nguyén ti O
chung. Trong ti dién SiOg4, Si ndm & trung tAm t dién, lién k&t cong hod tri véi 4
nguyén tif O & dinh cla tif dién. Nhu vy, mdi nguyén tf O lién k&t voi 2 nguyén
td Si & hai t& dién canh nhau va trung binh c& trén mot nguyén t& Si ¢6 20) nén
cong thic 1a SiO,.

Vi vy SiO; § dang polyme c6 ciu triic ba chiéu.

Ba dang thu hinh ctia SiO; c6 cdc sip x€p khdc nhau clia cdc nhém tf dién

SiO, trong tinh thé.
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- Thach anh ¢6 kié€n tric tinh thé luc phuong.

- Tridymite c6 kién tric tinh thé luc phuong.

- Crystobalic c6 kién triic 14p phuong.

Su khéc nhau giita dang o va dang B cia mdi dang thi hinh 13 do sy quay it
clia cdc tit dién d6i v6i nhau nhung cdch sip x&p chung clia tif dién d6 khong bién
ddi. Trudng hop nay khong ddi héi phai phd va lién k&t con trudng hgp bién ddi tir
dang thd hinh nay sang dang thi hinh khdc doi hdi phdi pha v& va xay dung lai tat
cd céc lién k&€t nén doi héi ning lugng hoat ddng hod cao nén thach anh, tridimyte
va crystobalite ton tai dong thdi trong tu nhién mic du & nhiét dd thudng chi c6

thach anh o 1a bén nhit con cdc dang tinh thé khéc chi 12 bén gia.

a. Ly tinh
- dihach anh = 2,65 5 dyiding= 2,3 ; derystobalic = 2,2
- " nc thach ann = 1600 -1670°C 5 €* neerystobaric = 1710°C
t’s Si0, =2230°C
- Trong tuy nhién, thach anh tinh khi€t gdm nhitng tinh thé trong sudt va khong

mau. Thach anh ¢6 hoat tinh quang hoc va c6 tinh dp di€n.

b. Hod tinh

RAt trd vé mit hod hoc: khong tac dung vai O,, Cly, Bry va céc acid k€ ca khi

dun néng.
- Chi tic dung voi F, va HF & diéu kién thudng
Si0; + 2K = SiF, + O
SiO; + 6HF = H,[SiF¢] + H;0
- Tan trong ki€ém hay carbonat kiém néng chdy:
Si0O; + 2NaO = NaSiOs+ H;O
Si0, + 2Na,COs;= Na,SiO; + CO,T
Nhitng phan @ng nay ciing xay ra trong dung dich khi dun s6i v6i SiO, & dang
bot min.
c. Ung dung

- Dung 1am dung cu quang hoc (thdu kinh, ling kinh...), vat liéu xay dung (cét,
ximing), dung trong cong nghiép thuy tinh, si.

2. Acid silicic: H,Si04

- CAu tao phan tf ctia acid silicic chura dugc x4dc nhan.

Hé6 Bich Ngoc Khoa Héoa Hoc



Simpo i d/\ Fehdi TGt Oy @jstered Version - http://www.simpopdf.com - 57 -

N6 ¢6 thé ing vdi hai cong thitc H,Si04 (acid orto silicic) va H,Si03 (acid meta
silicic).

Thuc t&, SiO4*" ¢6 ra't phd bi€n va trong moi hgp chit cia Si voi oxy, Si ludn
ludn ¢ so phdi tri +4 chit khong phdi =3 nén cong thitc H4SiO4 dugc cong nhin 1a
dang tin cay hon.

- Acid silicic ¢6 thé tdn tai dudi dang don phan ti ty do H4SiO4 & trong dung

dich nhung nhitng phan tit d6 dé ngung tu v6i nhau mat b6t nuéc tao thanh
nhitng hat 16n hon cho dung dich keo.

OH OH OH OH
Si Si Si 0 Si +(n-1)
H,0
n HO — , — OH = HO — 0 — — — OH
n_
2
OH OH OH OH

Dung dich keo ctia acid silicic 12 mot chat 1dng dic biét trong sudt, dung kinh
hién vi ciing khdng thé phat hién dugc hat keo. Dung dich keo chi tdn tai trong mot
thdi gian nhat dinh vi & trong d6 phdn tng ngung tu van ti€p dién, nhitng nhém -
OH niim giita cdc mach cé thé tuong tdc voi nhau tao nén nhitng phan tif ba chiéu
16n hon, chita it nuGc hon va c¢6 mach nhanh. Khi kich thuGc cia nhitng hat keo
vudt mot gidi han nao d6, dung dich keo dong tu.

Tuy theo nhitng di€u kién xdy ra trong qud trinh dong tu d6, acid silicic hoiic
ling xudng dudi dang két tiia tho, khong tan, c6 cdng thitc chung 1a SiO,..nH,O hay
dong lai thanh khdi giong nhu thach goi la gel. Qué trinh ngung tu ti€p tuc xay ra
cho d&n khi tao nén sdn phdm cudi ciing 13 SiO, v6 dinh hinh.

Say kho gel trong khong khi, ta dugc mot vat liéu x6p 1a silicagel c6 kha ning
h4p thu 16n.

- Acid silicic 1a acid rat y&u (k; = 10% nén né d& dang tao nén khi cho mudi
natrisilitcat tdc dung véi acid rat y&u nhu acid carbonic hay khi thily phan nhitng
hop chét cda Si** nhu SiCly, SiHs.
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3. Silicat:

Trong s6 céc silicat, chi c6 silicat kim loai kiém 12 tan dugc. Silicat kim loai
kiém trong sudt nhu thdy tinh va khong tan trong nudc lanh nhung tan trong nudc
néng nén goi la thly tinh tan. Dung dich cang nhét khi c6 ndng d6 cang cao, dung
dich ddm dic clia xatri silicat dugc goi 13 thily tinh 18ng. N6 dudc ding dé tAm vai
va gb 1am cho nhitng vat liéu nay khong chdy, dung 1am hd dén thiy tinh va dd sg.

- Trong dung dich, silicat kim loai ki€ém bi thity phan cho phan tng kiém va bi
céc acid, du 12 acid rdt y€u phan héa dé dang dé cho acid silicic dudi dang két tda.

Na,SiO;  + 2HCI + 2NaCl + HsSiOsT
Diéu ché : Silicat kim loai kiém dudc tao nén khi niu chdy thach anh trong

hydroxyd hay carbonat kim loai kiém :

Si,0, + NaOH = Na,SiO3 + HO
2Na,SO;  + C+2Si0, = 2NaSi0;  + CO,T  +,80,T
Silicat kim loai khdc dugc tao nén khi ndu chdy thach anh véi oxyd kim loai
tuong ng.

Silicat tu nhién 13 nhitng vat liéu cd s§ clia vé qua dat. Phan 16n 12 mudi clia
axit silicic ¢6 chtta 2,3 kim loai (thudng la kim loai héa tri 3 nhu Al, Fe(Ill)).

Cac silicat ty nhi€én tng vdi cong thic xSi0,.yX,03.zH,0 (x 1a kim loai héa tri
3). Quan trong nhat 1a aluminosilicat (x 1a Al): chit co s§ clia moi thit sét
(2S10,.A1,03.2H,0 : kaolin).
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CHUONG VI :
CAC NGUYEN TO PHAN NHOM V,

I. NHAN XET CHUNG
Phin nhém Vi, g6m 5 nguyén t6 : Nitrogen(N), Phosphor (P), Asen (As),

Antimon (Sb) va Bismuth (Bi). Quan trong nhA't 13 Nitrogen rdi d&€n phosphor, ci 2
nguyén t& nay rit quan trong d6i véi sinh vat.

- Mot s6 tinh chd't cia cdc nguyén t6 phan nhém V:

N p As Sb Bi
z 7 15 33 51 83
Cau hinh e [He]2s™2 | [Hel3s™3p | [Ar]3d'%s® | [Kr]4d''5s® | [Xel4f'*5d"%s
Rui ( AO) p3 3 4 p3 S p3 26 p3
Rione> (A”) 0,71 1,30 1,48 1,61 1,82
Riong T (A%) 1,48 1,86 1,92 2,08 2,13
Eion nea 1 (kcal/ntg) 0,15 0,35 0,47 0,62 0,74
Eionnea 1 (kcal/ntg) | 335,1 254 226 199,2 168,1
Eionnea 1 (kcal/ntg) | 682,8 453,2 466 380 384,7
P am dién 1094 | 6955 653{ i | 583 589,5
Khoi lugng riéng 3,0 2,1 2,0 1,9 1,9
(glem?) 0,81 1,83 5,7 6,6 9,8
T (°C) (15ng) 44,1 610 630,5 271,3
T (°C) 2099 | (tring) 814 1640 1540
-195,5 275
(tring)

- Lép e héa tri: ns’np’, d€ dat dudc cdu hinh e bén cla nguyén ti khi tro,

ching c6 thé thu thém 3e dé cho ion X*
X + 3 = X

Tuy nhién so v6i cdc nguyén t6 phAn nhém VI, va VIIa, khuynh huéng nay
thé hién y&u va khé khian hon nhiéu. Thuc t€ cdc ion X chi thiy trong cdc hop
chat kim loai manh. P6i véi cdc nguyén t6 khdc, N 1a nhitng nguyén t8 cing nhém
tao nén nhitng cip e va cho nhitng hdp chit trong d6 ching c6 mic oxy héa +3 hay
-3 ; ddi e con lai thudng dung d€ tao lién k&t cho nhan (lién k&t phdi tri) vdi nhitng
nguyén t& c6 d6 Am dién 16n.

Céc nguyén t6 P, As, Sb, Bi ¢6 orbital d tréng, nén c6 kha ning tao nén 2 lién
k&t cong héa tri nita. Vi vdy, mifc oxy héa cao nhat ca nhitng nguyén t6 phan

nhém V, 1a +5

N RO UL
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ns np nd ns np nd

Do niing lugng ion héa cao, cdc nguyén t& V4 khé mat e bi€n thanh cation X,
X* chi Sb va Bi cho cation X*, tuy nhién cdc cation ndy c¢6 khuynh huéng thiy
phan manh

xX* + H,0 o X0 + 6H'

- Giong nhém IV, su bién ddi tinh chi't clia cac nguyén t& trong ném V, ciing
X4y ra tudn ty tir N d&€n Bi : N va P la nhitng nguyén t& phi kim loai dién hinh, Bi 1a
kim loai rd rét con As va Sb & dang don chat va hop chit déu cé tinh chat cla kim
loai vira ctia khong kim loai (chiing 12 nguyén t6 nita kim loai).

* Tt N — Bi : tinh axit clia cdc oxyd gidm xudng con tinh niing baz ting lén.

* Tit N = Bi: @0 bén clia mifc oxy héa +3 ting 1én con do bén clia mifc oxy
héa +5 néi chung gidm xudng.

- Gidng IVa, N ¢6 khd ning tao lién két m,, (lién k&t kép giong C con P, As,
Sb va Bi khong c6 kha ning tao lién k&t m,p ma tao lién k&t  cho ki€u m, 4 nhd
orbital d tréng clia chiing. Vi vay, Nitrogen ton tai & dang phan ti N, vdi lién két
ba N =N con cdc nguyén t& khdc & dang phin tit E4 v6i nhitng lién két don E _ E.

- Khd ning tao manh E _ E khong dic trung d6i v6i N nhung rat thudng c6 &
cdc nguyén t& con lai cia nhém dudi dang don chi't va hgp chat, kha ning d6 gidm
xudng nhanh tir P d&€n Sb. Piéu nay dudc gidi thich dua vao sy bi€n ddi dd bén ciia
lién két don: N_N = 38,4 ;P_P 51, 3 ; As_As 32,1 ; Sb_Sb 30,2 va Bi_Bi 25
kcal/ptg.

- S6 phdi tri cia nguyén t6 V ting 1én tir N — Bi.

Vidu: N tao nhitng hgp chat NCls, NF;

P tao nhitng hdp chit PCls, PRy
Sb tao nhitng hgp chat Sb(OH)s

II. NITROGEN

A.DON CHAT
DPon chat Nitrogen ton tai & dang phan tif 2 nguyén ti N,

-CAuhinh e : N3 : (6,%)%(0y ) () (Tpy ) 0,%)

- C4u tao : N=N, Ej = 225,8 keal, dy = 1,095A"
Do boi lién két = 3 (16n) nén phan tif dic biét bén vitng, & 300°C chi ¢6 0,1%
N, bi phan ly N, < 2N

1. Tinh chdt :
N, c6 tdng s6 e, khdi lugng va ciu tao phin tif giong CO nhung CO 1a phin t¥

c6 cuc con N, khdng cuc nén CO 1a chit cho e con N, khong c6 kha ning ndy.
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a. Ly tinh

Nitrogen 1a 1 khi khong mau, khong mui, khong vi, hdi nhe hon khdng khi. Cé
T%., T rdt thap, rat it tan trong nudc va trong cdc dung modi hitu cd. O trang thai
rin, N tOn tai dudi 2 dang thi hinh : 1ap phuong, luc phuong Nitrogen khong duy tri

su chdy va su song.

b. Hoéa tinh

Vi phin tif N, ra't bén vitng nén N, kém hoat dong vé mit héa hoc. Phin tng
N, thudng chi xdy ra khi ¢6 sy bé giy hay it nhit lam y€&u di ndi 3 trong phan ti
bing cdch d6t néng, biing tdc dung clia chat xiic tdc, bing phong dién.

Nitrogen thudng tham gia phdn ng vé6i vai trd chit oxy héa, chi khi tdc dung
vdi Flor, oxy, né6 méi th€ hién vai trd chi't khit. Cdc mic oxy héa cia N 1a -3, 0, +1,
+2, +3, +4, +5.

O t° thudng, N, chi tuong tdc v6i Li tao nitrua nhung & t° cao, N, tuong téc dugc

véi Hy, 0o, mot s6 it kim loai va hgp chat.

- Tac dung véi cdc nguyén td :

+ V6i cdc nguyén t6 khong kim loai : rat it nguyén t6 khong kim loai tdc dung
truc ti€p véi N,

* Vi Ha : N; ¢6 thé cho phdn @ng v6i H, nhung phai & t° cao (1000°C)

No+3H, 8 CONH; . AH = -11 keall ptg

Phén @ng rat khé va hiéu sudt rat bé (chi vai phdn 10”°). Mudn cho hiéu suit
cao hon va phan tng & t° thap hon (450°C) thi phai ding chit xic tic. Phdn @ng nay
rit quan trong, né 1a phuong phap s6 1 @€ diéu ché NH; trong ki nghé.

* V6i O, : N, trd v6i O, & t° thudng nhung tdc dung dugc & t° cao nhung hiéu
sudt cling rat kém

N+0, S INO,  AH =+21,6 keal/ptg

Phdn &ng nay thudn nghich, thu nhiét va ciing rat khé khin, tuy nhién né ciing
quan trong, hién nay né 13 phuong phdp s6 2 dé diéu ché€ HNOj; trong k§ nghé.

Nitrogen con cho mot s6 oxyd khdc nita nhu : N>O, N,O3, NO,, N,,Os.

* Vi halogen : N, khong tidc dung truc ti€p véi halogen. Cac hgp chit NXs,
NHX,, NH,X déu dugc diéu ché gidn ti€p tir amoniac, chiing déu 13 nhitng hop
cha't thu nhiét.

+ V6i kim loai : Céc kim loai (trit Li) chi cho phédn éng truc ti€p v6i N, & t°
cao. C4c kim loai manh nhu Ca, Mg, Al; mdt s6 kim loai chuyén ti€p Cs, Zr, V, Nb
phan tng v6i N & 700 — 900°C tao nitrua kim loai :
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N, + 3Mg = MgzN,

Céc Nitrua kim loai c¢6 thé chia lam 3 loai :

1/ Nitrua ion & trang thdi rin chia ion N’ : Nitrua clia cdc kim loai manh; Li,
Na, Kiém, Rb, Be vi Mg. Nhitng Nitrua nay bi thiy phan cho NH;

MgsN, + 6H,O = 3Mg(OH), + 2NHj;
Nitrua ctia khong kim loai

2/ Nitrua cong hda tri : AIN, BN, Si3Ny4, C3Ny, PaNs. ..

3/ Nitrua xAm nhdp : ¢6 thé xem nhu sy xen vao clia nhitng nguyén t& N vio
mang tinh thé cda kim loai chuyén ti€p. Ching c¢6 cong thidc chung 13 MN, M:N,
MuN. D6 12 nhitng hdp chi't ban kim loai trong d6 lién k&t cong hoa tri ti€n dan dén
lién k&t kim loai (Nitrua ctia cdc nguyén t6 d).

- T4c dung v6i hdp chat: & t° cao (800 — 1400°C), N, tdc dung véi nhiéu hdp
chat nhu :

N + K,CO; + 4C 2KCN + 3CO

2N, +  AlG; = 4AIN + 3C
DPéng chi y nhat 1 tdc dung clia N, véi CaC, :
N,  + CaG 9 CaCN + C

Calci cyanamit 12 1 loai phan bén rat t6t. PAy 13 phdn tng cho phép két hgp
dudc nitrogen ty nhién trong khi quyén thanh nitrogen lién k&t c6 ich ma thuc vat
ddng héa dugc.

2. Trang thdi tu nhién :

Hau hét Nitrogen trong tu nhién ton tai § trang thdi tv do dugi 2 dang dong vi
bén 12 "N (99,635%) va "N (0,365%), chi€m 78% thé tich khi quyén. Trong da't
nhdt 1a & cdc ving mau md thudng chia nhitng hdp chat clia nitrogen dudi dang
nitrat, nitrit, amoni (nhiéu nhat 12 NaNO; & ChiLé).

Nitrogen con c6 trong t€ bao dong vat va thuc vat dudi dang hdp chat goi la
protein.

O diéu kién thudng, Nitrogen dudce ddng héa truc ti€p bdi 1 s6 vi sinh vat, vi
du nhu cdc azotobacte c6 nhiéu trong dat dudgc cay x6i va dat chita nhi€u mun. Mot
s vi khudn d6 song trong ndt san cia ré cdy ho diu (dudi tic dung cda cic vi
khuan, lugng N, ddng héa dugc clia dit hing nim ting 1&n 48 kg/ha, néu dit trong
trot thi dat 200 kg/ha.

3. Diéu ché':
- Trong phong thi nghi€ém : nhi€t phan NH4sNO; (dun néng 1 dung dich NH4Cl
va NaNO,)
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NH4N02 = N2 + 2H20
* Oxy héa NH3 bing CuO & t° cao
2NH; +3Cu0 = N,T + Cn0O; + 4H0

- Trong cong nghiép : chung cit phan doan khong khi 16ng (N, diéu ché tir
khong khi hoi ning hon N, diéu ché tir cdc hgp chat, tir 46 ma Rayloigh vai Ramsai
kham phé ra dugc cdc khi hi€m c6 trong khong khi).

* N, tinh khi€t : 2NaNj; t—0> 2Na + 3N,

4. Ung dung :

Ung dung quan trong nhat clia Nitrogen 13 diéu ch€ NHs, tir d6 di€u ché cic
loai phan bén, HNOs va nhitng hgp chat khdc clia Nitrogen. Nhitng ¢ng dung khéc
clia Nitrogen déu dua vao dic di€ém cla né 1a 1 khi tro ré tién, dung trong cdng
nghé dén dién, ding trong phong thi nghiém d€ bido quin nhitng chit d& bi oxy

hda.

B. HOP CHAT

1. Amoniac (NH;) :
- Theo thuy&t MO, phan t&t NH3 c6 8 e héa tri (tng v6i ciu hinh e :

(Gslk)z ( lek)z ( Gylk)z ( c520)2

- H 0 0

Cong thic cau tao : :Ni H HNH = 1077, dy-y = 1,014A
~ Ex =934 kcal/ptg; n=1,46 D

H

Phdn ttng NH3 c6 ciu tao hinh chép, ddy tam gidc déu : Nguyén tif N & dinh
ctia hinh chép, 3 nguyén ti H & 3 dinh ctia tam giéc.

Cip e dudc dién vao o, khong lién k&t c6 mic ning lugng cao nén ludn ludn
c6 xu huéng chuyén dén mitc ning luong thap bén hon nén NH; dé tham gia tao
thanh cdc lién k&t khdc thanh cdc hgp chi't bén hon.

- Theo thuy&t VB : N trong NH3 & trang thdi lai héa sp’, tiic ham 2s t8 hop véi
3 ham 2p ctia N tao 4 orbital lai hda sp3 tuwong duong, vé mit ning lugng huéng téi
4 dinh ctia 1 hinh t& dién déu 1am vé6i nhau 1 géc 109°28’. Mudn tao lién két, 3
orbital lai héa sp’, mdi orbital chi€m le doc than s& che phi véi 3 orbital 1s ciia H
(mdi orbital ¢6 le doc than) tao 3 lién k&t N_H lam véi nhau 1 géc 107°, con lai 1
orbital lai héa sp’ chi€m cip e tu do.

Su khéc nhau 1 it vé géc héa tri 12 do cip e tv do nay khuy&ch tin tuong doi
rong hon so véi orbital nguyén tif tham gia tao lién k&t nén tdc dung diy ciia né

dén cdc AO khdc manh hon so vdi cip lién két.
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a. Tinh chdt
- Ly tinh : G diéu kién thudng NH; 1a 1 khi khong mau, ¢6 mui khai va soc, ty
khdi d = 0,596, tan rat nhiéu trong nudc (& diéu kién thudng, 1 lit nuSc hoa tan 700
lit khi NH3).
- Tinh tan 16n nay dudc gidi thich 1a do su tao thanh lién k&t hydro giita cdc
phin tif NH; va H,O.
- Do phan tif c6 cip e tu do va cdc lién két N_H déu bi phian cuc nén NH3 c6
dd phan cuc 16n (u = 1,46 D kém hon pH,0 = 1,8D), diéu nay tao nén lién két
hydro gitta cdc phan t& NH; tuong d6i d& héa 16ng, d& héa rin (T, '=77,75°C; T =
233,35 quéd cao so vdi cdc hgp chat tuong tu). Piéu nay ciing gidi thich tai sao
NH; ¢6 phan ti lugng gin bing cta nudc (17 va 18) lai khé hda 16ng hon nuée. O
t° thudng, chi cAn 4p sudt = 10at 1a ¢6 thé héa 16ng NH;.
Do tinh d€ héa 18ng lai c6 nhiét boc hdi 16n (5,6 kcal/ ptg) nén NH; duge diung
trong cdc mdy lanh, c6 thé ha t° xudng tir —20°C d&n -30°C.
Ciing nhu nu6c, NH; 16ng ¢ hiing s6 dién moi 16n nén 1a 1 dung moi ion héa
t6t d6i v6i nhiu cha't, NH; 18ng tw phan ly theo qué trinh
2NH; < NHyY  + NHy
K-50°C = Cwu + Cup = 2107
(NH3(1) ¢6 hiing s6 dién moi € nhd hon clia nude nén khd niing hoa tan cédc
chat phan cuc va ion kém hon; nhung hoa tan nhitng cht hitu co, nhitng hgp chat it
phan cyc tdt hon : hoa tan kim loai kiém, kim loai kiém thd, tao cation ty do va e
bi solvat héa).
* Nhitng chit ndo khi tan trong NH3 16ng 1am ting ndng do NH," 13 axit
Vidu: NH4CIl, NH4sNO; la axit manh.
* Nhitng chi't ndo 1am ting ndng d6 NH, 12 baz
Vidu: KNH; va Ba(NH;),
Phédn @ng trung hoa giita axit va baz trong NH; 16ng
KNH, + NH4Cl = KCIl+ 2NH;
* Nhitng chat vira tan trong axit vira tan trong baz 1a chat ludng tinh
Vidu: Zn(NHy),, AI(NH>);
Zn(NH,), + 2NH4Cl [Zn(NH3)4]ClI,
Zn(NH,), + 2KNH, Ko[Zn(NH,),]

Lgi dung do tan khdc nhau cta cdc mudi trong amoniac 1éng va & trong nudc

c6 thé 1am d4o ngudc nhitng phan @ng trao d6i ion
Vidu: 2AgNO;+ BaBr ; & 2AgBr + Ba(NOs),
Trong nudc, cAn bing chuyén dich hoan toan vé& bén phai (do AgBri).
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Trong NH3, cin biing chuyén dich theo chiéu 2 (do BaBr; it tan trong NH3)

NH; 18ng ¢6 hiing s6 dién moi nhé hon nudc nén hoa tan trong cac chit hitu co
d& hon nudc.

NH; 18ng ¢6 kh3 ning hoa tan cdc kim loai kiém va kiém thd tao nén dung

dich c6 mau lam thdm din dién tot.

b. Hoa tinh

NH; 1a chat kh4 hoat dong vé mit héa hoc :

- NHj; c6 cip e ty do nén c6 kha ning k&t hgp vdi nhiéu ch't c6 orbital héa tri
trong, do d6 phan tng k&t hgp rat dic trung.

- Lién k&t N-H bi phan cuc nén & t° cao, H bi th€ bdi cdc kim loai nén NH; ¢
kha niing cho phdn tng thé.

- Phan tif NH;3:N ¢6 do 4m dién chua 16n 1im, mic oxy héa -3 khong bén 1dm
nén né c6 thé bi oxy héa 1én ciac mic oxy héa cao hon, do d6 NHj; thé hién tinh
khit

+ Phén ng k&t hop :

NHj; cho phdn tng cong véi H,O va cdc chdt nhan d6i e nhu BF;, HY, Ag”,
Cu™, Cr'™.

* Khi tan trong nuéc, NH; k&t hop véi H' clia nude tao NH' va dung dich trd

nén c6 tinh baz y&u
NH; + H,0 =N NHs" + OH,Ky25°C=1,8.10"
* NH; c6 thé cho phan ting cdng v6i nhitng phan ti thi€u e nhu BF;
H_N T+ ]13 “F = H_ll\f_]ﬁ ~F
H F H F

* NH; ciling héa hgp dugc vdi nhiéu mudi khan tao thanh nhitng hgp chat dic
biét goi 12 amoniacat tuong ng vdi cdc mudi hydrat :
8NH; + CaCl, = (CaCl,.8NH;
4NH; + CuSO, = CuS0O4.4NH;
bot tring tinh thé xanh ddm
Do d6 khong thé ding CaCl, @€ 1am khd khi NH.
* NH; c6 thé héa hdp truc ti€p v6i axit tao mudi amoni :
NH; + H = NH,"
Khong thé ding H,SO, dic dé€ lam kho khi NHs;. Mu6n l1am khd né ta phai
dung CaO, NaOH hay KOH rin.
* NHj c¢6 thé héa hdp vdi cic kim loai chuyén ti€p d€ tao thanh ion phic
2NH; + Ag" = [Ag(NH;),]"
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[Cu(NH;),]*
[Cr(NH3)6]**

4NH; + Cu*t
6NH; + Crt

+ Tinh khit :
NH; bén & t” thudng nhung dun néng d&€n 300°C né bit ddu phan hily va dén
600°C thi phan hiy gdn nhu hoan toan
2NHj; < Ny +3Hp
H, 12 sin phim cla phdn ¢ng trén nén NH; néng 12 1 cha't khitr manh. § 500°C,
NHj; tac dung vé6i O, theo 2 phdn tng
4NH; + 30, 2N, T + 6H,0
4NH; + 50, 4NO + 6H,0 (2)
Phén ttng (2) 1a co s& clia phuong phdp s6 1 dieu ché€ HNO; trong cdng nghiép

Pt

tr NH;. Cdc chdt oxy héa khdc nhu CuO néng, halogen va cd nudc Javel ciing chi
oxy hoa NHj thanh N».
2NH; + 3CuO = N+ 3CuO + 3H,0
+ Phén ng thé :
0 t cao, nhitng nguyén tit H trong NH; c6 thé dudc 1an lugt thé bing cdc kim
loai hoat dong tao thanh amidua (chita -NH;’), imidua (chda NHZ') va nitrua (chira
N%)

O2NH; + 2Na 2NaNH, + H,T
O2NH; + 2Al 2AIN + 3H,T
Cdc amidua, imidua va nitrua 12 nhitng hgp chit ion khong bén, bi thily phan
cho ra OH

NaNH, + H;O = NaOH + NH;
H trong NH; con c6 thé thay thé bdi 1 halogen d€ cho 1an lugt cic hdp chat
NH,X, NHXo,
4NH; + 3Cl,= 3NH,CI +NCl;

c. Trang thdi tw nhién

Trong ty nhién, NHj sinh ra trong qud trinh thdi rita clia cdc protit trong cdc
sinh vat va trong qud trinh thiy phian Ure’cé trong chat bai ti€t cla sinh vat dudi
tdc dung ctia mdt s6 vi khuan.

d. Ung dung

NH; dudc dung d€ sin xudt phadn dam, HNO;, thudc nd, phAm nhudm, dugc

g A Ao .
pham, td nhan tao, mudi amoni, soda...

e. Dieu ché
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- Trong phong thi nghiém :
* Pun n6ng 1 dung dich NH,OH

* Pun nhe 1 mudi anoni véi 1 baz kiém.

NH.Cl + KOH = K + NH;T + H,0
- Trong cong nghiép : tdng hdp tir N, va H,
N, + 3H, = 2NH;  ; AH=-11 kcal/ ptg

Py 12 1 phdn ng thuin nghich, phat nhiét va gidm thé tich. Theo nguyén ly
Le Shatelier, mudn dat hiéu suat cao thi phdi :

* C6 4p suat cang cao cang tot.

* C6 nhiét do cang thip cang tdt

Viéc ting dp suat tuong ddi dé dang, né chi tuy thudc vao diéu kién ky thuat
cia nha mdy, nhung viéc gidm t” lai khé khin vi né dnh huéng d&€n van tdc phin
ting. P& gidi quyét vin dé nay ngudi ta diing chit xic tic.

Ngoai ra su nghién cttu con cho thd'y n€u 14y 1 hdn hgp nguyén liéu theo ding
ty 1& clia phdn tng thi hiéu suit sé tdi da.

Trong k§ nghé, cic nha mdy thudng chay véi dp suit tir 200 dén 350at, t° tix
450 — 600°C, chat xuc tdc thudng 1a bot Fe.

2. Mudi anoni :

ion NH," ¢6 ciu tao hinh tif dién déu véi 4 nguyén t& H & dinh va nguyén ti N

II—I +
H—lTI—H
H

trung tim

- Kich thu6c cda NH," twong duong kim loai kiém :

tnmar = 1,43A%; gy = 1,33A° ; gy = 1,48A°

+ Mudi anoni c6 nhiéu tinh chi't giéng kim loai kiém.

* Mudi amoni ddng hinh vdi véi mudi kim loai kiém, thudng c6 ki€n tric ki€u
NaCl hay CsCl.

* HAau hét mudi amoni déu dé tan va phin ly manh trong nudc (acidcloro
platinic H,[PbClg] déu tao nén véi cac ion kim loai kiém cling nhu véi NH," muoi
khé tan).

+ Khdc véi mudi kim loai kiém :

* Mudi amoni bi thily phin trong dung dich cho mdi trudng axit

NH,f + H,0 < NHz;+ H;0" K=5,5.10"
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* Mudi amoni kém bén nhiét : tiy thudc vao ban chit clia axit tao nén mudi,
phdn *ng nhiét phan cla mudi amoni xay ra khdc nhau :

0 Mudi clia axit c6 tinh oxy héa (HNO,, HNO3) khi dugc dun néng, axit dudc
gidi phong sé oxy héa NH; thanh N; hay oxyd ctda nitrogen :

NH4N02 = &2 + 2H20
NH,NO; = N,0O + 2H,0
(NH.),Cr,0- £ cnos + N +  4H,0

0 Mu6i clia axit khong c6 tinh oxy héa dé bay hoi khi dun néng s& phan hiy
theo qu4 trinh ngudc v6i phdn tng k&t hgp :

NH4Cl = NH; + HCI
(NH4),COs = NHs;+ NH4HCO;
NH4HCO3 = NH;+ H>,O + CO,

- Mu6n tim 1 lugng nhé NH,*, ngudi ta dung thudc thit Nesther, d6 1a dung
dich kiém kali iodomercurat K,[Hgl,], khi gip ion NH4* trong dung dich thudc nay
cho 1 k&t tiia dimercuri amoni iodua

Hg
2K,[Hgl4] + 3KOH + NH4,OH = O/ NH, [l  +3H,0 + 7KI
Hg

K&t thia ndy c6 mau, tiy thudc vio lugng NH," it hay nhiéu ma c6 thé 1a vang

d4 hay nau.

U’ng dung : dung lam phan dam, quan trong 1a NH4Cl, (NH4),SO4 va NH4NO:s.

3. Nito oxyt (NO):
Theo thuy&t MO, 11e héa tri clia NO dugc x€p trén cdc orbital phan tif tuong
tng v6i cAu hinh e :
(05 (65)” () (Mpy™)” (0" (i)'
Cong thic cau tao ctia NO : :NZ0: PBLK = 2.,5; lién két 3 e tao
thanh béi cip e lién k€t va 1 e phin lién két (tuong tng véi PBLK = 0,5)
En = 162,2 keal/ mol; d = 1,15A°% p = 0,16

a. Tinh chdt

- Ly tinh : Vi c6 do boi lién k&t 16n nén phan ti NO khd bén, chi bi phan hiy &
trén 1000°C.

O diéu kién thudng, NO 1a 1 khi khong mau, rat it tan trong nudc, khong tao
dudc axit nao ci (khong tic dung véi kiém, axit, khong tao dugc mudi), khé héa
16ng, khé héa rin (Tp = -163,6°C ; T, = -151,7°C). O trang th4i 18ng va rén thi n6
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c6 mau xanh va c6 khuynh huéng nhi hgp d€ tao nén nhitng phan ti nghich tir N,O,

khong bén
2,33A°
N—0
| \ 1,1A°
0N

- Héa tinh : Trong phan t& NO, N & trang thdi oxy héa +2 1a trang thdi trung
gian nén NO thé hién c3 2 tinh khit va oxy héa, chii y&u 12 tinh khi.

+ Tinh khir : NO c¢6 khuynh huéng phéng thich le trong orbital . dé€ cho ion
nitrosyl NO* bén (nitrozoni)

* F,, Cly, Bry oxy héa NO tao nitrozoni halogenua

) (1:<150°C
2NO + 120, ? NO, 2 : > 600°C)
khong mau nau dé
* V6i nhitng chit oxy héa manh nhu KMnOg4, HOCI, CrOs oxy héa NO dén
HNO;
10NO + 6KMnO4 +9H,SO, = 10HNO; + 3K,S04 + 6MnSOy4 + 4H,0

+ Tinh oxy héa : NO c6 tinh oxy héa y&u, chi nhitng chdt khit manh nhu Mg, C,
P mdi chdy trong NO d€ tao N,
Trong dung dich, né bi H,S, SO,, Cr* khit

2NO + ,H,S = N, +2S+,H0O
2NO + SO, = N,O + SO;
Hdn hgp NO va H, giy nd khi dun néng :
2NO + 2H,0 = N, + 2H,O
+ Tinh k€t hop : NO c6 kha ning k&t hgp v6i mudi clia nhiéu kim loai
NO + FeSOq4 = [Fe(NO)]SO; (sit nitrosil sulfat)
nau thim
[Fe(NO)ISO, & NOT + FeSO,

b. Trang thdi tu nhién va diéu ché
- Trong thién nhién, NO dugc tao thanh khi c6 phéng dién do sim sét theo
phdn tng diy chuyén :

O, + hv = .0. + .0
Itlz =NO + .N.
— 62 =NO +.0.
- Trong phong thinghi€ém : Cho Cu tdc dung véi HNOs3 loang (30%)
3Cu+8HNO3(I) = 2NOT +3Cu(NOs), + 4H,0
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- Trong cong nghi€p : oxy héa NHs c6 Pt lam xuc tic :

0,
4NH; +50, %€ 4NOT + 6H,0

4. Nito dioxyt (NO>) :
- Theo thuy&t MO, phan tir NO; ¢6 cAu hinh e :
(28)° (2s5)° (04 = (5,7 (1,")” (2pxa)” 2pwo)” () (™)'

Phan tif cdu tao c6 N dN-Oxyd
g6 AN oA
; u=0,29D
O ONO =
0 134°

- Theo phudng phép VB, trong phin t& NO,, nitd & trang thdi lai héa sp”; 2
orbital lai héa dudc ding dé tao lién két o giita N va Oxy, con lai 1 orbital lai hda
tu do c6 le doc than. Mot orbital khong lai hda con lai cia N ¢6 le doc than dugce

diing d€ tao lién k&t  v6i 1 trong 2 nguyén tif oxy tifc 13 lién k&t © khong dinh chd.

a. Tinh chdt
- Ly tinh: G didu kién thudng, NO, 1a 1 chat khi mau nau dd, mui khé chiu,

ddc, dé trung hop lai thainh N,O4 nhd syt ghép doi clia 2e doc than clia nguyén ti N.
Khic vdi NO,, NoO4 khong mau va nghich tir. Hon hgp NO, va N,O4 & trang

thdi cAn bang :

140°C  , AH =-14,7 kcal/ mol
0
-11,2°C

Can bing nay phu thudc manh vdo nhiét do : § trang thdi rin chi c6 N,Oy, &

2NO,

trang thdi 16ng N,O, phan ly 1 phdn, & t° néng chdy (-11,2°C) chat 1dng chia 0,01%
NO; va ¢6 mau vang nhat, § t° soi (21,150C) chat 16ng chita 0,1% NO, va c¢6 mau
niu dd, & 100°C hai chita 90% NO, va d&n 140°C, N,O,4 phan ly hoan toan :

0N /O
IN—1,75 A’ —N7 ) 134°
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- Héa tinh : Do d6 bén lién k&t nhd, phin tir e ddc thin nén NO, kém bén ; §
150°C bi phan hdy theo phidn tng 2NO, = 2NO + O, va d&€n 600°C thi phan hdy
hoan toan.

* NO, 12 chdt oxy héa manh, c¢6 hoat tinh héa hoc cao _ C,.S, P ¢6 thé chdy
ti€p tuc trong NO, (khi ¢6 xiic tdc Pt, Ni, NO, d& bi khit vé NH3).

C + NO; = 2CO, + N,

_. NO; ¢6 thé tuong tic v6i 1 s6 nguyén t& khong kim loai va kim loai, oxy

héa CO thanh CO,, SO, thanh SOs.

NO; + 2Cu = Cu,0 + NOT
NO,+ CO = CO, + NO
NO;+ SO, = SO; + NO

. V6i Hy : )NO, + TH, = ONH;T +  4H,0

+ Tinh khi¥ : Thé hién khi tic dung véi nhitng chit oxy héa manh
Cl, + 2NO, = 2CINO; (clorua nitroni)
O3 + 2NO, = N.Os + O
H,0, + 2NO, = 2HNO;

+ Céc oxyt NO; va N,O4 tuong tdc v8i nudc tao axit nitrd va axit nitric, v4i
kiém tao mudi nitrit va nitrat :
NO; + HO = HNO, + HNOs
2NO, + 2NaOH = NaNO; + NaNO; + HO

Vi vay, NO, va N,Oy4 12 anhydrit hdn tap cda acid nitrd va axit nitric

b. Diéu ché
- Trong phong thi nghi€ém : cho Cu tic dung véi HNOj dic
Cu +4HNOs(d) = CuNO3), + NO,T + 2H,0
- Trong cong nghiép : NO, 14 sdn pham trung gian d€ diéu ch&€ HNOs, dugc tao
nén khi cho NO t4dc dung véi oxy.

5. Acit nitric (HNOj3):
Trong HNO;, N § mifc oxy héa +5, phan tif c6 ciu tao phing :

H 102 116° o)
\0
0,96A
0 \
O — N
1,41A
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114°
0]

a. Ly tinh

HNOjs nguyén chat l1a chat 1dng khong mau, boc khéi manh trong khong khi, d
=1,52; Ty = -41,5°C; T = 83°C

HNO; 68,4% 1a dung dich ddng phi, s6i & 121,9°C

Acid nitric tan vO han trong nudc, acid ban trén thi trudng thudng chia 70%
HNO3, néu dic hon nita né sé& boc khéi (can than khi stt dung HNO3 vi né rdi vao
chd nao thi cdc mo lién két t&€ bao bi phd vd, giy bdng ning).

b. Hoéa tinh

HNO; 12 chit kém bén. Du6i tic dung clia 4nh sdng va nhiét, né bi phan hily
chim

4HNO; = 2H,0 + 4NO,T + O,

Vi viy HNOj3 dé€ 1au thudng c6 mau vang (do c6 chita NO,).

- Tinh oxy héa : Trong HNOs, N & mifc oxy héa +5 (cao nhit) nén tinh chat
héa hoc dic trung cia HNOs 1a tinh oxy héa

NO;y + 4H" + 3¢ < NO+ 2H0,E’=096v

Tuy theo hoat tinh chit khit, ndng do HNOs3, diéu kién phin tng ma né bi khi

vé cdc mic oxy héa khic nhau :
HNOs; — HNO,, NO,, NO, N,O, N,, NH,OH, NH3
HNO; oxy héa dugc da s6 kim loai va phi kim loai :

+ Tac dung véi kim loai :

HNO; oxy héa dugc tit cd kim loai trit Au va Pt. Tuy nhién, trong HNO; dic

va nguoi thi 1 s6 kim loai nhu Fe, Al Cr... bi thu dong héa vi ¢6 sy tao thinh mang
oxyt bén bao boc. Phin tng gitta HNO; dic véi kim loai thudng chim lic diu
nhung mdt khi phdn tng d3 bit diu thi tr nén minh liét. Vi vay, ngudi ta thudng
cung cip nhiét d€ khdi mao phan tng.

* Vi kim loai ning : khit HNOs(d) vé NO, va HNO;s (1) vé NO

3Pb + 8HNOs() = 3Pb(NO;), + 2NOT + 4H,0

Pb + 4HNOs(d) = Pb(NO3) + 2NO,T + 4H,0
* Kim loai kiém, kiém thd khit HNO3(d) v& NO, va HNOs(1) vé NH;

4Ca + 10HNOxd) = N,O + 4Ca(NO3), + 5H0

4Zn  + 10HNOs() = 4NH4NO;+ Zn(NO3), + 3H,0

* Sn, Fe, Al, Zn cling khit HNO;s (1) vé NH;
+ Tac dung véi phi kim loai: C, S, P, As, I,; HNOs ¢6 thé oxy héa ching dén
mtc oxy héa cuc dai con HNOj3 (d) sé bi khit vé NO,, HNOs(1) vé NO
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3P +5HNOs() +,H,0 = 3H;PO4+ 5NOT
3L, + 10HNOs(1) = 6HIO; + 10NO +2H,0
S + 6HNO3(d) HQSO4 + 6N02 + ZHZO

+ T4c dung vdi hdp chi't : HNO; oxy héa Fe** — Fe*, khi du Fe*?, NO s& két

hop v6i Fe** cho hdp chi't c6 mau ndy kém bén

6FeSO4 + 2HNO3 + 3H,SO4 = 3Fey(S04); + 2NO + 4H,0O
FeSO;, + NO = [Fe(NO)]SO,
mau nau

HNO3(d) oxy héa dugc ca HI va HC1, HNO;(1) chi oxy héa HI vé L.
HNO; oxy héa S* vé SO,* (H.S, PbS, Ag,S, CuS)

PbS + S8HNO;(d) = PbSO, + S8NO,T + 4H,0
* Nu6c cudng thiy : 1 thé tich HNO3(d) + 3 thé tich HCI(d)
HNO; + ;HCI & NOCl + Cl, + ,H0
NOCI - NO + Cl

Trong hdn hgp nay, HNO; dugc sy trg luc clia nitrosyl clorua tic dung nhu 1
chat oxy héa con CI” trong HCI bi€n ion kim loai thanh anion phic
Vidu : HgS < Hg”* + §*
fcr 2+ 2NOs
}fgchz' § + N0 4 H,0

3HgS + 12HCI + 2HNO; = 6H' +3HeCL> + 3S+2NOT +4H,0
Au, Pt tan dugc trong nu6c cudng thity 12 do 4i luc clia chiing ddi véi clor :
Au + 3C1 = AuCls

AuCl; + HCI H[AuCly]

Téng quat: Au + HNO; + 4HCI H[AuCl4] + NO + 2H,0O

3Pt + 4HNO; + 18HCl =  3H,[PtClg] + 4NOT + 8H,0

( 3Pt+4HNO;+ 12HCl = 3PtCly + 4NO + 8H,0
PtCly; +2HCl= H;[PtClg])
- V6i hop chat hitu co : HNO; nitro héa hgp cha't hitu co cho hgp chit nitro ¢6
mau vang. (HNO; < NO," + NO5™ + H,0)

Vi su hién dién ciia H,SO4(d), HNO; phin ly nhu sau :

HONO; + H,SO; < NO;"+HSO4 + H,0)
NO," tic dung v&i nhi€u chd't hitu cd bing cdch thay th& vao 1 nguyén tit hay 1

nhém nguyén tl ciia chat hitu cd nay.
C¢HsCH3 + 3HONO,; + 3H,SOq4 = C¢H,CH3(NO»)3 + 3H,O + 3H,SO4
TNT (thudc nd)
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- Tinh acid : HNOs 1a 1 acid rdt manh, khi tan trong nuéc né phan ly hoan
toan : HNO; + H,O < H3OJr + NO3

— Khi tdc dung véi baz va oxyt baz tao mudi nitrat va nudc.

c. Ung dung
HNOs 1a 1 trong nhitng héa chit cd ban rat quan trong, dugc ding dé san xuit

thudc nd, phan bén, phaAm nhudm, héa chit va duge pham...

d. Diéu ché
- Trong phong thi nghiém : dun néng hdn hgp nitrat véi H,SO4
KNO; + H;SO; = KHSO; + HNO;T
- Trong cong nghiép : Sdn xuat HNO; tif sy oxy hda xtic tdc khi NH;.
* Oxy héa NHj biing khong khi (7 — 8% NH3) & 500°C ¢6 1u6i Pt — Rh lam xiic

ANH; + 50, = 4NO + 6H.0 (1)
* Oxy héa NO thanh NO; :
4NO + 20,
* Hgp nudc v6i NO;
3NO, + H)O = 2HNO; + NO 3)
NO sinh ra & (3) lai dudc dung lai & (2). Qu4 trinh sdn xuit gdm 2 giai doan :
+ Giai doan oxy h6a NH; : ngudi ta tron khi NH;3 v6i khong khi (14y du), cho

4NO, (2)

hdnhdp di qua chi't xidc tdc 1a Iudi Pt-Rh, chit xic tic lic dau dugc nung néng 1én
500°C, sau d6 chinh nhiét phdn @¥ng oxy héa duy tri nhiét do nay.

+ Giai doan oxy h6a NO va hip thu : LAm lanh hon hop khi § mdy oxy héa ra
xudng 40°C rdi dua vao thip oxy héa NO va hdp thu 14n 1, § diy thuc hién song
song c4dc phdn tng (2) va (3), dung dich HNO; thu dugc & chin thap, phdn NO chua
hét dudc dua vao thap 2, nha mdy cé 1 day thép.

Nha mdy thudng thu dung dich 50%, chung cat truc ti€p dén dung dich, 70%.
Sau d6 dem chung HNO3 70% v&i H,SO4(d) thi dugec HNO3 95%.

6. Mudi Nitrat :
NO3 ¢6 c4u tao hinh tam gidc déu v6i géc ONO = 120°, dy.o = 1,218A°

O
| : 5
O "0
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N & trang théi lai h6a sp®, 3 orbital lai héa tham gia tao thanh lién k&t o v6i 3
nguyén t& O. Orbital 2p cdon lai & N tao nén 1 lién két © khong dinh chd véi 3
nguyén t oxy.

- NO; khdng mau nén mudi nitrat ca cation khong mau déu khong mau. Hau
hét déu dé tan trong nu6c (modt vai mudi bi hiit Am trong khong khi nhu NaNO; va
NH;NO3, mudi nitrat nhitng kim loai héa tri 2 va 3 thudng & dang hydrat).

- Cé4c nitrat déu bi nhiét phin, trong d6 nitrat kiém 13 bén nha't(>1000"C méi
phan hily), con cdc nitrat khdc bi nhiét phand nhiét do thap hon. Sdn phdm clia sy
nhiét phan tlly thudc vao ban chat cia cation.

+ Nitrat clia nhitng kim loai hoat dong tir kim loai kiém — Mg (trong diy dién
th€&) khi dun néng bi phan hiiy thanh nitrit va oxy

2NaNO; i 2NaNO; + O

+ Nitrat ctia nhitng kim loai kém hoat dong hon Mg — Cu (k€ cd Mg, Cu) khi

dun néng bi phan hiy thanh oxyd, NO;, va O,
2Pb(NO;), L 2PbO + 4NO, + O

+ Nitrat ctia kim loai kém hoat dong hon Cu khi dun néng bi phan hity dé€n kim
loai NO; va O; :

AgNO; = Ag + NO, +120,

- Do d& mAt oxy nén cdc mudi nitrat khan khi dun néng 1a chit oxy héa manh :
NOj5 trong mdi trudng acid c6 kha nidng oxy hda, nhu HNO3

Vi du : Thudc sting den 13 1 hén hdp gdm KNOs3, Cva S :

2KNOs; +3C + S = N»+3CO;+K,S
75% 15% 10%
- Biéu ch€ : Tuong tic HNO; véi kim loai, hydroxyt hay carbonat kim loai
- Ung dung : Lam phin bén, thudc nd...
2KNO3; + S + 3C = KyS+ 3CO, + Ny.

I1I1. PHOSPHOR

A.DON CHAT

1. Tinh chat :
a Ly tinh
P c6 mot s6 dang thi hinh : P tring, P den, P dd.
- P tring : C6 mang lu6i 1ap phuong, ki€n tric clia
2,21A" mang Iudi b ao gdm nhitng phan t P, lién k&t v6i nhau
) 60° bing luc Van der Waals. Phan tit P4 c¢6 ciu tao hinh tir
/ dién vGi cdc nguyén tf P nim & dinh.
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Do géc lién k&t qud nhd so véi géc clia cac van dao p clia nguyén tf nén mat
dd dién tir khong tap trung trén dudng lién két gilta cdc nguyén tf va lién két rat
kém bén virng.

P tring 12 khdi trong sudt gidng nhu sdp. La chi't c6 mang lugi phan t, P tring
d& néng chay, d& bay hoi (T, = 44°C; T," = 287°C), mém va dé& tan trong cic dung
moi khong cuc nhu CS,, benzen, d=1,8 g/ cm’, & 50°C né tu bung chdy manh liét
trong khong khi nén phai bdo quin né trong nudc.

Hoi ctia P c6 mui tdi va c¢6 thé chung cit & 100°C ciing véi hoi nudc, ngudi ta
16i dung tinh chi't nay dé tinh ché P.

O 1000°C, cdc phan t& P4 tdch ra 1am phan t& P, ¢6 cdu tao gidng N, trén
2000°C, cdc phan ti P, bi phan hiy thanh nguyen tir P.

Do c4u tao clia phan tif P4, géc PPP be mot cdch bat thudng nén lién két P_P
dé& bi ditt va né c6 khuynh huéng chuyén thanh cdc dang thit hinh polymer bén hon.

- P d4 : P tring d€ 1au ngay thi s& vang rdi d6 di. Qua trinh nhanh chéng hon
né&u dugc dun néng, chi€u sdng hay c6 chit xtic tdc nhuiod :

Pigng - Pas , AH = -4,4 kcal/ ptg

P d4 12 1 hdn hgp clia nhiéu dang chit khong thuin nhit nhu P tring, né c6
mau thay ddi tir dé dén tim, d = 2 + 2,4 g/cm’

P d4 khongnéng chiy & 4p suit thudng ma chi néng chdy & dp suat 43 atm, £’ =
575 + 600°C. G 4p sudt thudng thi thing hoa & 423°C, hoi ndy ngung tu tao thinh P
tring.

- P den : N&u P tring 1&én 200°C va 4p sud't 12000 atm thi thu dugc P den

P den bé ngoai gidng graphit, 12 chdt § dang polymer, c6 mang IuSi nguyén ti,
mdi nguyén t P lién k€t véi 3 nguyén t& P khdc bao quanh theo hinh thdp bing
lién k&t cong héa tri véi do dai lien két = 2,18A°. Mang 1udi ¢ ki€n tric 16p hai
tuong tu than chi, khodng cdch giira cdc 16p = 3,68A°.

P den 12 mot chit ban din (P tring va P dd khong din dién), d=2,7 g/em’,
khong tan trong ba't ctt dung méi no, néng chay & 1000°C du6i 4p sudt 18.000 atm.

Trong 3 dang thi hinh thi P tring rit doc va khong bén, P dé va P den thi bén
hon va khong doc.

b. Hoa tinh

So véi Ny, P4 hoat ddng manh hon méc di d6 4m dién cia N 16n hon P vi lién
két trong P4 kém bén hon (E = 50 kcal/ ptg) trong N, (220 kcal/ ptg).

Do su khdc nhau vé kién triic ctia 3 dang thu hinh ctia P nén hoat tinh héa hoc

clia chiing khdc nhiéu : P tring hoat dong nhi't va P den kém hoat dong nhat.
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Vidu: O diéu kién thuong, P tring bi oxy khong khi oxy héa dan, P dd va P
den déu bén.
O t° cao, P tréng tu bdc chdy & 40°C, P d6 trén 250°C va P den trén 400°C
P vira c6 tinh oxy héa vira c6 tinh khit nhung tinh chat co bdn Ia tinh khi.
- Tinh khr :
* Vi oxy : P rdt ¢6 4i lyc ddi v6i oxy. Trong khong khi, & t° thudng P tring bi
oxy héa cho P,Og dong thdi c6 phat lanquang
P, + 30, = P4O¢
G ° ~ 50°C thi P tring tu bdc chdy cho P40y thanh khéi dic ddng thdi phat 1
nhiét lugng ra't I16n va cho 1 ngon lita sing chéi
P, + 50, = P40
Phan ttng nay dudc 1gi dung d€ 1am bom chdy va dan mu.
* V6i Halogen : P tdc dung truc ti€p v6i halogen d€ cho nhitng hop chit kiéu
PX; (thi€u X,), PXs (du Xj) trir I, chi cho hgp chat PI; va Poly.
Cidc hgp chit nay déu bi thiy phan :

PX; + 3H,0 = H;PO; + 3HX
PXs + HO = POX; + 2HX
Phosphor oxy halogen
Néu du H,0 : POX; +3H,0 = H;POs + 3HX
Trir PFs, cdc hop chiat PXs khong bén dé bi phan hiy bdi nhiét
PX; Dt PX; + X5

— Pugc dung nhu tdc nhin clor héa va brom hoéa.

* VGi S : P phdn Gng véi S cho mot ddy sulfua PySs, P4S7, P4Sio... 12 nhitng
chat rin mau vang, bi thity phan cho H,S va oxyt acid ctia P.

* V@i cdc hop chat: P c6 thé tic dung dugc vdi nhiéu hgp chat, nhat 13 hgp
chat chita oxy (KclOs3, KNO;, K,Cr,05...). 3 phdn tng quan trong c6 &ng dung trong

thuc t&
+ Vi HNOs dédc, nong :
3P + S5HNO; + 2H,O0 = 3H;PO, + 5NO
Dung d€ diéu ch€ acid H;PO,
+ Véi H,O:
8P + 12H,0 = 3H;PO4 + 5PH;
2P + 8H,O = 2H;PO, + 5H;

Duing @€ diéu ché H3PO, trong cdng nghiép bing phuong phdp hién dai. Véi
dung dich kiém lodng soi
Py, + 3KOH + 3H,O = 3KH,PO, + PH;
Kali hypophosphit
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- Tinh oxy héa :

* V@i hydro : P+ 3H, < 2PH;3; AH = 2,2 kcal/ ptg

Phén @ng rit khhé khin, chi xdy ra & t° > 300°C nhung & nhiét do nay thi PH;
lai bi phan hly nén thuc t&€ coi nhu P khong tidc dung v6i hydro. PH; chi duge diéu
ch€ gidn tiép

CasP, + O6H,0 = 3Ca(OH), + 2PH;T

* Vi kim loai : Khi dot néng, P oxy héa hau hét cic kim loai (ca Pt) d€ tao
phosphua.

Tuy thudc vao bdn chit cia kim loai ma ty 1& cdc kiéu lién k&t trong
phosphua thay d6i. Ching han phosphua ciia cdc nguyén 8 s (M3P, M 3P,) c¢6 thé
xem nhu nhitng hgp chit cong héa tri — Ion, chiing gidng mudi, dé bi nudc phan
huy.

MgiP, + 6H:0 = 3MgOH), + 2PH;

Phosphua ctia cdac nguyén t6 d (MP, MP,, M3P) ¢6 mau xdm hay den, 4nh kim

va din dién, kém hoat dong vé mit héa hoc. Chiing 12 nhitng hdp chat cdng héa

tri.

2. Trang thdi tu nhién
Trong qua dat, P chi€ém 0,04% X nguyén tk, tip trung dudi 2 dang khodng
chinh : Phosphorit [Casz CPOy),] va apatit [Cas x (POy4)3] (X :F, Cl, OH) P con c6
trong thanh phan cda co thé, trong xuong c6 khodng 60% Ca3(PO,), — Pdng vi bén :
3ip

0p, 32p dquge dung lam chi thi phéng xa nghién ctu

DPong vi phéng xa nhan tao
qia trinh trao ddi P & thuc vat, sinh vat, theo di hiéu suit bén phan lan cla dat

tréng.

3.Ung:

P d6ng vai tro rat quan trong doi vdi sy sdng, cung véi Ny, C, O, P ¢6 trong
Protit dong va thuc vat. P c6 § trong nhitng cha't giff vai tro tich cuc trong nhitng qia
trinh sinh hoc quan trong clia dong va thuc vat. Trong thyc vat, P tich tu chd yé&u &
hat va qua, trong dong vat, P ¢6 & trong xuong, ring, mo than kinh.

P d6 dung d€ ché thudc diém (thudc diu diém : KClOs, K, Cr; 04, S, thudc
phan diém : P dd, Sb, S3, keo + thly tinh bot), P tring 1am Iyu dan khéi, P con dudc

N R ~ 2 ~ A 2
diung d€ san xuét cac chit ddc hoa hoc.
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4. Diéu ché :
Nung d6 Caz (PO, ), v6i than va cét trong 10 dién & 1500°c
2Ca3(POy); + 6Si0; = 6CaSiO; + P40y
PO,y + 10C = Py + 10CO
2Ca3z(POy4), + 6Si0, +10C P, + 6CaSiO; + 10CO
Lam ngung tu hdi thodt ra s& dudc P tring, sau d6 bing cdch dot néng lau &
200 — 300°C, né chuyén thanh P dé.

B. HOP CHAT

1. Phosphin PH; :
PH; c6 ciu tao gidng NH;

T~ FAN
H H HPH

H
P § trang théi lai héa sp® kém dic trung hon N trong NH;. PH3 ¢6 do phan cuc
kém (u = 0,56 D).

93,7%

a. Tinh chdt

-Lytinh: PH; 12 1 khi khong mau, mdi tring théi, To' = -133°C, T =-
87,4°C; rit doc (dung lam thudc diét chudt ZnsP,). 0 trang thdi 1dng hay trong dung
dich, PH3 hau nhu khong hinh thanh lién k&t hydro nén rit it tan trong nudc va ciing
khong c6 hién tugng tu hgp phan t& nhu NH;.

- Héa tinh :

* PH3 it phan cyc hon nén kha ning cho cip e tu do cia PH; kém hon nhiéu so
v6i NH; : n6 khong k&t hdp véi nudec ma chi két hgp v6i H' clia acid manh nhu
HCIO,4, HX (X : Cl, Br, I) tao ion phosphoni PH,"

PH; + HCIO4 = PH4ClO4
* PH3 ¢6 tinh khi manh :
+ BGc chdy trong khong khi khi duge dun néng dén 150°C
PH; + 20, = H;3POy4
Hon hgp ciia PH3 v6i khong khi sé& nd khi ha dp suat
+ Tuong tidc v4i halogen tao phosphor penta halogenua
PH; + 4Cl,= PCls+ 3HCI
+ Gidi phéng kim loai tir dung dich mudi bac, mudi déng
PH; + 6AgNO3 + 3H,0 = 6Ag+ 6HNO; + H3PO;
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b. Diéu ché
Cho phosphua kim loai tdc dung véi nuGe

CasP, + O6H,O = 3Ca(OH), + 2PH;
Cho P tuong tic v6i dung dich kiém dic.

2. Hop chét ciia P** véi oxy :
a. Phosphor (11l) oxyt(P4Og¢) (Anhydric phospho)
Phan tit P4O¢ gdm 4 nguyén tit P & 4 dinh cda 1 t

1280 dién con 6 nguyén ti O thi nim bén trén trung diém
c4c canh cla t dién.

Lién két P_O c6 do dai hdi ngdn hon so véi lién
k&t don (1,84A°) tic 12 ¢6 mic do kép rd rét. Lién két
n dudc tao nén nhd cip e tu do clia oxy va orbital 3d trong clia P, tifc theo ki€u n
chop —d.

- P4O¢ 12 chi't & dang tinh thé mau tring va mém nhu sdp, dé bay hoi, néng
chdy (T = 175,4°C; T,” = 23,8°C); doc gin nhu P tring. D& tan trong eter, CS,,
benzen, cloroform.

- Phan t& P,O4 khong bén, khi dun néng vai ngdy trong binh kin & 200-250°C
P4Og phan hiy thanh P @6 va oxyt P,O4

2P4O¢ = 2P + 3P,04

P,4Os tuong d6i hoat dong, thudng bi€u hién tinh khi.

* Vi oxy : O t° thudng né bi oxy héa cham trong khong khi bién thanh P40y

2P,.0s + 20, = P4O1o

Quad trinh nay phdt quang manh; d&€n 70°C; P4Og boc chdy

(V61 halogen : P4Og tuong tic manh liét v6i Cl, va Br; tao oxy halogen va véi

I, trong binh kin tao P>l P4O¢ + Cl, —» POCl3)
* Vi HyO @ P4Og tan trong nuGe lanh cho acid phosphord
P4O¢ + O6H,0O = 4H;P0O;
Vi nude ndng, né s€ cho phosphin va acid phosphoric
P4O¢ + O6H, 0O = PH; + 3H3PO4
* V@i dung dich HCl : P4Og cling tao acid phosphoro
P4O¢ + O6HClI = 2H;PO; + 2PCls
-Piéu ch&: Cho khong khi khd di qua chAm trén P tring.
P4 + 30, = P4O¢

b. Axit photphoro (H3PO3)
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Trong phan t& H3;PO;3 chi ¢6 2 nguyén t& H tham gia tao thanh 2 nhém
hydroxyt_OH nén mic du ¢6 3H trong phan t&t nhung H3POs 1a 1 dyoxyt chit khong

phai 1 triaxit

H .
| ke A
HO—b _o - /1|3 \kem bén
OlH OH OH OH

- HsPOs 1a 1 chit dang tinh th€ khong mau, chiy rita, d& tan trong nudc, Ty =
74°C.

- H3POs 1a 1 chat khong bén, 6{5})()5C00C né ty oxy héa khir theo phén @ng :

4H3PO; = 34H;PO4+ PH3
* Trong dung dich nuéc, H3PO3; La 1 acid manh trung binh
k; =2.107% ko =2.10"

* H3PO3 1a chi't khit manh, né c6 thé khit nhitng kim loai kém hoat dong trong

céc hop chat :

H;PO; + HoCl, + H)O = H;PO; + Hy + 2HCI
H;PO; + 2AgNOs3+ H)O = H;PO; + 2Ag+ 2HNO;
- Piéu ch€ : Cho PCl; tic dung v6i nu6c lanh :
PClz;+ 3H,0O = H;PO; + 3HCI

Sau d6 chung cat cho d€n khi két tinh.

3. Hop chdt ciia P°* vdi oxy :
a. Phospho (V) oxyt (P40,9) (Anhydric phosphoric)

Phan tt P40 c6 ciu tao tuong tv P4Og nhung c6
thém 4 nguyén tif O lién k&t v6i 4 nguyén tf P véi do dai
12 1,39A° va mdi lién k&t ndy tao v6i 3 lién két P_O
trong cAu oxy nhirng géc 117°

Mang 1u6i tinh thé gdm nhitng phan ti P40y lién két

véi nhau biang lyc Vander Waals.
© - P40y 1a 1 chit rin tring nhu tuyét, thing hoa &
350°C.

- P40y rdt bén d6i vdi nhiét, khong c6 tinh oxy hda, ¢ tinh hiit nu6c min liét
nén dugce ding 1am kho. N6 tan trong nu6c va tiy lugng nuée it hay nhiéu ma 1an
lugt cho cdc axit metaphotphoric (HPO;3), Pyrophotphoric (H4P,O;) va
ortophotphoric (H3POy)

PO,y + 2H,O = 4HPO;
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2HPO3 + HzO = H4P207
H.P,O; + H>,O = 2H3PO4

b. Axit photphoric

Q - Axid photphoric (acid orto photphoric) ¢6 cd ciu ti
52 A A A 9 2 2 9 2, *A N A
1 1’153%\0 dién, 4 nguyén tif oxy & 4 dinh ciia tif dién 1am cho phan
P = H 4 rét bén.

T.;::}:_‘_: ........ 090 - HiPO, 12 1 chét rin, khong mau, k&t tinh, Ty =
H 42,5°C; d=1,88 1a 1 acid rat bén, rat it bay hoi. Tan dugc
QX trong nudc, acid ban trén thi trudng chita 85% H3PO,.

H - H3POg4 12 1 triaxit, trong dung dich né 1a 1 axit manh
trung binh
Céc hiing s6 diénly : K; =7,5.107; K, = 6,2.10%; K5=5.10"
H;PO,4 khong c6 tinh oxy hda, chi & t® cao va véi chat khit manh nhu C n6 méi
bi khtr :
2H;PO4 + 5C = 3H,O0O + 2P + 5CO
Khi dun néng 1én dén t” cao, né bi mit nudc dan d€ cho axit pyrophotphoric va
metaphotphoric
2HPO;  2%2C Hp,0, + HO0
H:PO,  22C HPO;, + H,0
- Diéu ché':
* Trong phong thi nghi€ m; cho nu6c c6 du tic dung 1én PXs, POX;3 hay P4Oy.
* Trong cong nghiép : Cho HNO3 dic néng tic dung véi P dd
3P + S5HNO; + 2H,O = 3H;POq + 5NO
Hay cho P tic dung v6i hoi nuév & t’ cao :
2P + 8H0 80&C 2H,PO,  + 5H,
Cho H,SO4 ndng @6 trung binh twong tdc vdi photphoric thién nhién
Ca3(POs), + 3H,SOs = 3CaSO4  + 3H;PO,

Téch mudi CaSOy it tan ra va c6 dung dich dén 150°C rdi 1am lanh d€ axit k&t

tinh.
c. Acid pyrophotphoric (H4P,07)
- Phan tir H4P4O7 ¢6 ciu tric 13 2 tif dién PO, lién k&t v4i nhau bing 1 nguyén
tir O chung
9 «— P O—P—
o\/yo 0 < P—0— PO
OH OH HO OH
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- H4P,O7 12 chat dang tinh thé mém, khong mau, dé tan trong nudc, Tnc0:610C.
- H4P,0O7 12 axit 4 ndc va manh hon H;PO,
Ki=14.10";K,=1,1.10%; K5 =2,9.107 ; K4 = 3,6.10”°
Nhung chi biét 2 dang mudi ciia né 12 mudi hydrodiphosphat (H,P,0;%) va
diphotphat trung tinh (P,0,")
- Piéu ch€: Pun néng axit ortophotphoric & 220°C
oH:PO,  29C BP0, + HO

d. Axit meta photphoric (HPO3)

- Axit meta photphoric 12 1 polymer do sy két hgp cda cic tit dién PO, tao
thanh 1 phan t& vong nén c6 cong thiic 1a (HPO3),.

- HPOs 1a chat & dang thdy tinh, T, = 40°C

- Tuong tdc chim v6i nudc d€ chuyén thanh axit orto, qud trinh d6 ting nhanh

khi dun s61 dung dich va c6 mat axit manh.

e. Mudi ortophotphat

Acid ortophosphoric ¢6 thé cho 3 loai mudi: dihydro photphat, mono hydro
photphat va photphat trung tinh.

- C4c mudi photphat n6i chung khong mau. T4t c4 cdc photphat di axit déu dé
tan trong nudc con trong mudi photphat mono axit va photphat trung tinh chi c6
mudi cda kim loai kiém 13 dé tan.

- Trong cdc mudi photphat tan, mudi photphat trung tinh ctia kim loai kiém bi
thdy phan rdt manh cho mdi trudng kiém manh

Na;POs + HO = NaOH + Na,HPO,

Mudi photphat mono axit bi thiiy phan y&u hon

Na,HPO, + HO < NaOH + NaH,PO4
Ngoaira
HPO*, + H,0 & H;0" + PO,

Nén dung dich Na,HPO, ¢6 mdi trudng kiém yé&u.

Mudi photphat diaxit bi thdy phidn y&u hon nita va qué trinh ndy x3y ra kém
hon so vGi qué trinh phin ly cia H,PO4” nén dung dich Na,HPO, ¢ mdi trudng axit
yéu

NaH,PO, + HO < NaOH + H;3PO4
H,PO4 + H0 & H 0" + HPOS

- Khi ¢6 mit Mg** trong dung dich amoniac, PO, tao k&t tia mau tring

NHsMgPO, khong tan trong dung dich amoniac nhung tan trong axit
NH;* + Mg™ + PO,> = NHMgPO4
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- Khi ¢6 mit mudi amoni molipdat (NH,)> MO, trong dung dich HNO3, PO43'
tao k&t tha amoniphotpho molipdat(NH4);[PMo12049] mau vang khdng tan trong

HNO; nhung tan trong kiém va dung dich amoniac

3NHs" + POs” + 12MO4 +24HY = (NH4)3[PMp120404 + 12H,0
- Céc photphat khong tan c6 tinh chit chung 1 tan dugc trong axit vo cd lodng.
Ca3(POy4), + 2H2SOs = Ca(HyPO4), + 2CaS0Oy4
- Khi nung khd céc photphat diaxit kiém s& cho metaphotphat con mono axit s&
cho pyrophotphat
nNaH,POs = nH,O + (NaPOsj),
2Na,HPO, = H,;0O +  NasP,0Oy

+ Ung dung: Photphat canxi, amoni dudc ding lam phin bén, NasPOy,
NaH,PO,4 dugc dung d€ 1am mém nudc.

+_Diéu ché : Photphat kim loai kiém cho H3PO, tic dung vSi hydroxyt hay
carbonat kim loai kiém.

Photphat it tan : Piéu ché bing phin ng trao ddi.

C.PHAN LAN VA PHAN PAM

1. Phédn dam :
a. Vai tro ciia N déi vdi thuc vt
Nito rit can cho su tao thanh protein 13 chit cd s& clia t€ bao, cho sy tao thanh
diép luc t6. Nhu vay, nitd can thiét cho sy tao thanh t€ bao mdi d€ sinh trudng. Cay
cin N trong thdi ky non d€ sinh 14 sinh nhdnh. N ¢6 1 4nh hudng quyé&t dinh dén

hiéu sud't cia miia mang nén phin dam vo6 cling quan trong.

b. Cdc phan dam quan trong

Trir cdy ho dau, con cdc cAy khdc chi c6 thé dong héa dugc dudi dang hop
chdt vo ¢ & trang thdi dung dich trong dat.

Gi4 tri ciia 1 phan dam biéu thi bing lugng nito chita trong phan d6. Ciy c6
thé hap thu N dudi dang nitrat (NO3) hay amoni (NH,").

Ngudi ta chia phin damra lam 3 nhém :

- Phan amoni : gdm amoniac 18ng, dung dich amoniac, mudi amoni.
- Phan nitrat : GOm céc nitrat (NaNO3, KNO3, NHsNO3, Ca(NOs),.
- Phian amit : Gom canxi xyanamit CaCN,, Ure’CO(NH,),.

Quan trong nhat 13 NH4NO3, (NH4),SO..

+ Phan (NH4),SO4 (21% N): Phan 1 14.
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* Tién 10i 12 it hit 4m, nhung khi cAy di ddng héa nito cia NHj thi con lai
trong dat H,SO4 1am chua d4t nén né khong thich hgp véi dat c6 dd chua cao ma
chi thich hgp véi dat c6 do kiém cao.

* S4n xuat : TU sdn phdm phu trong nha may luyén than coc, cho NH; suc vao
dung dich H,SO4 thu dugc (NHy4),SO4.

2NHs + HxSOs = (NH4)2SO4; AH =-67 kcal/ ptg
Nhd nhiét phdn ¢ng 16n phan 16n nuéc boc hdi va mudi (NH4),SO,4 két tinh.

+ Phan NH,NO:(35% N): Phan 2 14
* Chita ty 1& N cao nhit, khdng c6 tap chdt ma ciy khong ddong héa ndi hay cé

tdc dung hai cho dit, n6 c6 tic dung vira nhanh vira bén; c6 uu di€m 13 chita dong
thdi 2 ion NH;" va NOj’, thich hgp cho moi loai ciy, moi giai doan sinh trudng cia
cay.

Nhudc diém ctia phan nay la hit #m manh, d& bit Ira, d& nd.

* S&n xuat : Cho NH; suc vao dung dich HNO; 58-60%

NH; + HNO; = NH4NOs3, AH =-35 kcal/ ptg

NhJ nhiét phdn tng, 1 phan 16n nudc bay hdi cho 1 chdt 18ng néng chitc 98%

NH4NO;, sau d6 két tinh va sdy kho biing hdi néng tir 105-110°C (<120°C d€ trdnh

R A N o LN e ~ e
nd) roi cho vao bao diac bi€t dé€ chong am.

2. Phén ldn :

a. Vai tro ciia P ddi vdi thuc vat

P rit cin thi€t cho ciy, dic biét 12 khi cAy méi 16n va trong thdi k¥ ra quéi va
hat. Thuc vat cAn P d€ tao thanh chit protein 13 chat co s§ clia t€ bao. P c6 tdc
dung 1am cho ré& phdt tri€n, cAy citng cap hon. Pay du P thi ciy trudng thanh nhanh
chéng, ra hoa két qua s6m, ciy sai qua. Thi€u P thi cAy mém di, 14 xanh tr3 thanh
dd, su ra hoa chin bi chAm tré di.

Ning suit mila mang ting 1én nhd phan dam con chit lugng clia ndng phdm

nhd phén lan.

b. Cdc phan lan quan trong

Cay chi dong héa dudc P ctia dat khi P & dang hgp chit vo cd va dudi trang
thdi dung dich trong da't.

Nguyén tic chung diéu ché& phin lan 12 diung phidn &ng héa hoc bi€n quing
photphonic c6 trong tu nhién (Ca3(POs),)...) thanh photphat don gian hay phiic tap
tan dudc.
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Gi4 tri cia phan l1an dudc bi€u thi bing ty 1&¢ P,Os tan dudc trong nudc va
trong amoni xitrat (phin tan trong nuSc : H3PO4, Ca(H2PO4),; phan khong tan trong
nuéc nhung tan trong dung dich amoni xitrat gdm CaHPO,).

Phén lan dudc chia 1am 3 nhém :

- Phin photphat tu nhién : byt photphorit, apatit nghién.

- Phan photphat héa hoc : supe photphat don, kép, supe phophat kép, phan lan
nung chay.

Quan trong nhA't 1a supephotphat don, supe photphat kép, phan 1an nung chdy.

* Phan supephotphat don Ca(H,POy), + CaSOy4 (15-20% P,0s).

Tan trong nu6c va amonixitrat. Vi né tan dugc trong nudc nén ciy cdi dé hap
thu, chi y&u dé€ bén cdy cong nghiép : lia, bong, che... N6 khong lam chua dat va
st dung t0t & noi dat trung tinh hay kiém it, con ddi vdi dat chua thi cac ion Fe™,
AI’* gip PO, tao nhitng phophat FePO,, AIPO, khong tan 1am gidm hiéu suit cia
supephotphat; con trong dat kiém manh thi c6 voi; supephophat phin tng véi voi
tao thanh photphat it tan cling 1am gidm hiéu suat ca supephotphat.

- Sén xud't : T photphoric (hay apatit) va H,SOs.

Ca3(PO4), + 2H,SOq4 = Ca(HyPO4), + 2CaSOq4

Hdn hgp mudi thu duge dem nghién nhé diing 1am phan. Vi Ca(H,POy), dé tan
nén thuc vat déng héa dé dang. Phin nay c6 nhudc di€m 16n 1a c6é chita lugng
thach cao CaS0O4.2H,0 vo ich.

* Phan supephotphat kép Ca(H,POs), (40-50% P,0Os) tan trong nudc va
amonixitrat.

- S&n xuat : Cho photphoric ty nhién tic dung v6i H,SO, dé diéu ch& Hs;PO, ;

Ca3(PO4), + 3H,SO4 = 3H3PO4 + 3CaSO4

T4ch két tlia CaSO, rdi cho H3PO, tdc dung véi 1 lugng photphoric mdi

4H3PO4 + Ca(PO4)= 3Ca(H,PO.),

Viéc sdn xuit phan nay doi héi nhiéu von, gid thanh cao nhung phin lai c6
nhiéu vu diém.

* Phan lan nung chdy (phin lan thuy tinh) (12-14% P,0s).

La hdn hgp photphat silicat ctia Ca vd Mg gdbm chii y&u 4(Ca, Mg)O.P,Os va
5(Ca, Mg)0O.P,05.S10,; khdong tan trong nudc nhung tan trong dung dich acid xitric
20% nén dung rat thich hgp véi dat chua.

Ngoai cung c4p lan, né con cung cip 2 nguyén td dinh dudng 12 Ca, Mg va 1
lugng ra't bé Fe, Co, Mn, Cu, Mo.

- S4n xuAt : Pun hén hop apatit (photphoric) véi d4 voi (thanh phin chinh 1a
magié silicat 3Mg0.2Si0,.2H,0) cho d&n khi néng chdy (1400°C) rdi tir 1o cho

chdy vao nu6c lanh d€ lam vun.
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CHU(H\,JG VII ;
CAC NGUYEN TO PHAN NHOM VI,

I. NHAN XET CHUNG

Nhém VI, gdm 5 nguyén t& : oxy, luu huynh, selen, telu va poloni

- Mot vai tinh chat clia cic nguyén t6 nhém Vla.

O S Se Te Po
-Z 8 16 34 52 84
- Cau hinh e [He]2s™2 | [N]3s™3p | [Ar]3d'%s® | [Kr]5d"6s® | [Xel4f'*5d'%s
Ry ( AO) p4 4 4p4 S p4 26 p4
- Rionx 2.(A%) 0,74 1,04 1,17 1,37 1,64
- Rion x 6+(A") 1,40 1,84 1,98 2,21 -
- Eion nea 1 (kcal/ntg) - 0,34 0,40 0,56 -
-Po6 am dién 314 238,9 225 208 194
- E%.2e. - x2(vOlt) 3,5 2,5 2.4 2,1 -
- d(6 dang rin)(g/ | +0,40 -0,44 -0,92 -1,14 -
cm’) 1,27 2,06 4,80 6,24 9,30
- T%c (°C) -218,9 119,3 217 419,8 254
- T%(°C) -182,9 444.6 684.,9 990,0 962,0
- Ai lyc dién tr| 1,47 2,08 2,02 2,0 1,35
(eV)

Quan trong nhat vé mit 1y thuyét cling nhu thye t€ 13 oxy, Ivu huynh ciing rit

quan trong trong thuc t€. Po 12 nguyén t6 hi€m va phéng xa.

C4u hinh e héa tri ns’np® gdn véi cdu hinh bén cla khi trg, ching c6 khuynh

huéng thu thém 2e d€ cho ion X khi tdc dung v6i kim loai manh. Nhitng hgp chat

nay kha bén vitng : X + 2" = X*

Nhu vy, tit cd cdc nguyén td ndy déu c6 tinh oxy héa va tinh oxy héa gidm

dan tir trén xudng dudi.
* Chiing con c6 thé tao nén 2 lién k&t cong héa tri cho nhitng hop chit trong

dé ching c6 mitc oxy héa —2 (ddi véi nguyén td duong dién hon) va +2 (ddi véi

nguyén t& Am dién hon).

LGp e ngoai cling clia cdc nguyén to S, Se, Te c6 orbital d con trong khi bi kich

thich, 1 hay 2 ciip e & céc orbital s, p bi phd v&, mdi cip cho le nhdy ra orbital d
1am cho 16p vé trd nén c6 4 hay 6e ddc than. Vi vdy, cdc nguyén td nay con cé thé
cho cdc hgp chit trong d6 chiing c6 mitc oxy héa +4, +6 khi két hop véi nhitng

nguyén t& c6 do Am dién 16n hon.
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- Tir S trd xudng c6 thé diing orbital d d€ cho nhiéu phan ttma 16p ngoai ciing
¢6 hon 8e'.
- C6 2e ddc than nén c6 thé tao mach ziczac @ng véi trang thai lai héa sp’
Eo.o—33 kcal; S_S:50,5; Se_Se : 44, Te_Te =33
S& phdi tri dic trung cia S 1a 4,6 (4 bén)
Se 4,6 (6 bén)
Te 6
Vidu: SFsc6 ciu triic bat dién phit hgp véi trang thai lai héa sp3d2
- Theo chiéu tir O dé€n Te, tinh phi kim loai gidm dan.

II. OXY
A.PON CHAT
1. Oxy :

- C4u hinh dién tk : (6°)° (04 ) (Opx ) (Tpy ) (M) (Tpy ) (7 )
- Gidn d6 mtc ning lugng
- Cdu tao :0 ——— 0: ,dy=1,21A"; Ex=118kcal/ ptg

Phén ti c6 1 lién k&t 2e va 2 lién k&t 3e — phan t& bén (phan hiy & 2000°C)

a. Ly tinh

- Phan t& O, ¢6 2e doc than nén O, ¢ tinh thuin tir (cong thic Lewis <O=0>
khong phu hgp véi tinh thudn tir cia oxy).

- O diéu kién thudng, oxy la khi khong mau, khong mui, khong vi; khi hoa
186ng thi ¢c6 mau xanh nhat, mau nay 12 mau cla cdc phan ti tetraoxy (Og4) ton tai §
nhiét do thap. 6] trang thdi rin, oxy tinh thé c¢6 mau xanh da trdi.

Phén t& oxy c6 do phin cuc nhd nén cé Ty va T, thap (Th'=-218,6°C, T =-
182,9°C); rit it tan trong nudc (30 cm’ khi/ 11 H,O). B6 tan cia OXy trong nuéc giam
xudng khi nhiét do ting.

Khi oxy con tan dugc trong 1 s6 kim loai néng chdy va do tan cia oxy trong dé6
ciing gidm xudng khi nhiét do ting.

Khi oxy con tan dugc trong 1 s6 kim loai néng chdy va do tan cia oxy trong do6
ciing gidm xudng khi " ting 1én nén khi héa rin nhanh chéng kim loai ngoai khong

khi, kim loai thudng bi rd trén mit do oxy hoa tan thoit ra.

b. Hoa tinh
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Oxy 12 mdt trong nhitng nguyén t& khong kim loai di€n hinh nhat. N6 tic dung
tryc ti€p & t° thudng va nhat 1a & t° cao v6i hdu hét cdc nguyén t6 trir halogen, khi
trd va 1 so kim loai quy : Au, Ag, Pt.

Oxy ¢6 tinh oxy h6a manh : Ox(k) + 4¢” + 4H" < 2H,0, E’=1,23v.

- V&i cdc nguyén td :

* V6i kim loai : kim loai c6 tinh duong di€én manh hon nhu Na, Ca sé chdy
trong oxy hay trong khong khi khi dugc dot néng nhe
2Na + O =  NaO
Ca + O = CaO
Kim loai c6 tinh duong dién y&u (Cu, Fe) thi cAn phdi d6t manh hon.
* VGi khong kim loai : khi d6t néng s& chdy trong oxy hay khong khi

S + O = SO,
C + O = CO2 (y diéu kien
hay 20 + 0, = 2CO phandng)

- V6i cdc hdp chit :

* V@i nhitng nguyén t& ma mic oxyhda c6 thé thay d6i thi oxy tdc dung vdi
oxyd clia nguyén td d6 tao 1 oxyd khac c6 thanh phan oxy cao hon
L0+ O g 4CuO
FeO + O, = ,Fe)03
»CO + O = ,CO,
* Vi nhitng hdp cht c6 chita hydro thi oxy tdc dung dudc dé dang do 4i luc
manh clia hydro d6i véi oxy
HS + O = 2H0 + S{
* Pic biét cdc chat hitu co chdy dé dang trong khdong khi va manh liét trong
OXy :
CH4 + 20, = CO, + LH,O
Ngoai ra ciing c¢6 nhitng phdn tGng chdy x3y ra chim trong cic diéu kién
thudng (qué trinh phan hiy cta kim loai, qué trinh thdi rita clia cdc chat hitu cd

trong sinh vat).

c. Trang thdi ty nhién — Diéu ché — Ung dung

- Oxy 1 nguyén t& phd bi€n nhA' trong ty nhién (chi€m 47% khdi lugng vo qua
d4't), gin Y% khdi lugng khong khi (gin 1/5 thé tich khong khi ), 8/9 khdi lugng cla
nudc, c6 trong cdc vat liéu chinh ciu tao qud dit (55% trong cét, 56% trong dat
sét...). Pong vi : '°0=99,75%; 70=0,037%; '80=0,204%.

-DPi€u ché :
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+ Trong phong thi nghiém : phan hiy nhiét cdc hgp chit giau oxy ma kém bén

nhiét (KclO3;, KMnQOy, NaNOs3, HgO...)
2KCIO;  MEx LKCL + 50,
2KMnO4 %OQ?C KoMnOs + MnO, + O
2HgO & oHg + O

+ Trong cong nghiép :

* Chung cit phadn doan khong khi 186ng : Phuong phép kinh t€ nhat; khong khi
dudc 1am lanh trong nhitng mdy dic biét cho t6i khi héa 1éng rdi ding 1 cot ct
phan doan d€ tich ra, oxy so6i & —183°C, phuong phép nay c6 thé sin xut oxy tinh
khi&t dén 99%.

* Pién phan nudc c6 pha NaOH (hay KOH)

2H,0 = 2H, + O
(catod ) (anod)

Phuong phdp nay san xuit dugc oxy nguyén chit nhung dit tién.

- Ung dung :

* Pudc ding d€ tao t° trong cdc den xi d€ han va cit kim loai (d&n xi chi ding
dé c4t nhitng kim loai ma oxyd ctia né ¢6 dd néng chay thap hon Ty’ ciia chinh kim
loai d6 nén chi ding dén xi d€ cit sit thép ma khong cit dugc ddng nhom).

* Diing oxy d€ ting cudng cdc qud trinh héa hoc trong nhiéu nganh sin xuat
nhu ndu gang, luyén thép, di€u ché cic acid (H,SO4, HNO3).

* Dung 1am khi thd cho thg 1dn, cho nguGi bénh.

* Oxy 16ng 12 1 nhién liéu quan trong diing trong cédc tén Itta, phi thuyén...

2. Ozon :

03(*'00,) ¢6 thé xem la din xudt cia O(IV)

- 031 (282)°(280)°(0.9°(0,") (my )2 (2pxa) *(2pxe) (1, ) (05)°

Cau tao: Phin tr ¢6 dang géc c6 thé bi€u dién bing 2 dang cong hudng

t t .
FON()  © (5 OXx. hay 0™
1O 10] 10] O O O

000=116"; d , , = 1,28A° (lién k&t don O_O = 1,49A° va lién k&t doi
0=0 :1,21A° = ¢6 50% lién két doi); p = 0,52D

Nguyén t& oxy trung tim ctia phan ti Oz § trang thai lai héa sp® nhd cdc orbital
2s, 2px, 2p2); 2 orbital lai héa sp2 tham gia tao thanh 2 lién két 6, _,); orbital lai héa
sp2 thit 3(OP;) chtra cdp e tu do. OrEﬁal 2py clia nguyén ti trung tim (nim thing
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g6c v6i mit phing chifa cdc nguyén tl) cling vdi céc orbital 2py clia 2 nguyén ti &
ngoai tao thanh lién k&t khong dinh chd (OP;™).
Trong phin tt O3 ¢6 2 lién két ¢ va 1lién k&t  khong dinh chd.

a. Ly tinh

- O diéu kién thudng, O; 1a khi mau lam nhat, mdi ndng 1am dau dAu, ri't doc.

- Do phan tf ¢c6 khdi ludgng tuong doi 16n, c6 cuc va bi phian cuc nén O3z c6
T’=-11,5°C (cao hon so véi oxy nhiéu, tan trong nudc nhiéu hon oxy gip 10 lan
(0,51 khi O3/11 H,0O)).

O; 16ng 12 1 chit 16ng mau xanh thd&m, & trang thdi rin l1a nhitng tinh thé mau
tim sAm (Ty"=-193°C).

b. Hoa tinh

O3 12 chdt oxy h6a manh, chi kém flor

O3(k) + 2¢” +2H" =  0,+H0, E’=2,07v
0; 14 chdt rin kém bén va dé phan hity nd khi va cham
20; = 20,+20
20 = O
=N 20; = 30,

Vi phan hdy thanh oxy nguyén t& nén hoat tinh oxy héa ciia Os rat cao. O diéu
kién thudng Os ciing oxy héa dudc nhiéu don chat kém hoat dong nhu Ag, Hg...,

bién sulfua va sulfit thanh sulfat

2Ag + O3 = Ag0 + O,
PbS + 203 = PbSOy + 40,
PbSO3 + 03 = PbSO; + O,

O, chi oxy héa I vé I, trong mdi trudng axit trong khi O3 c6 thé oxy héa I vé I,
trong moi trudng baz
03 + 2KI + HzO = L + 2KOH + 02

c. Trang thdi ty nhién — Piéu ché — Ung dung

- Trong ty nhién, ozon dudc tao thanh tir sim sét va do sy oxy héa mot so chat
hitu cd (nhya thong, rong bién).

Trong khi quyén va nhit1a & gan mit dit, O3 c6 rdt it nhung & thuong tang khi
quyén (cdch mit dat khodng 25km) thi ozon c¢6é nhiéu hon, & @6 dudc tao nén do tic
dung cia cdc tia t& ngoai nim giita 1600°C va 2400°C vao oxy

O, + hvo = 20
O + O = O3
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Nhitng tia tif ngoai gin (2400+3600A°) lai lam cho O3 phan hiy O3+hv=0+0.

Nhd 16p O; ndy hap thu céc tia tif ngoai gin ma ddi sdng sinh vat § mit dat
khong bi cac tia dé ti€u diét.

- Piéu ch& : O3 dugc diéu ché tir sy phéng dién vio oxy trong nhitng "mdy
ozon":

30, = 203 , AH =68 kcal

Cd ché : (0)) + 20101 O, + O = O3

cho oxy di qua 1an lugt may mdy ozon thu dugc oxy gidu ozon hon 10%. Pem
héa 16ng thi tich dudc ozon trude (T '=-11,5°C)

- Ung dung : 13 chdt oxy héa manh, ozon dudc ding d€ 1am tring, mat mui
cic tht ddu md, mat mui 1 s& phim vat nhu da thudc..., diét tring nudc udng rat
t6t (do tinh oxy héa manh, ozon c6 thé giét chét cdc vi khuin trong khong khi nén
vdi ndng dd rat bé (<1/1.000.000 vé thé tich), ozon c6 1di cho sitc khde con ngudi).

Hién nay dén d6t axeto — nitril CH;C=N trong ozon cho t° rd't cao (6000°C, cao

hon dén xi hydro nguyén ti).

B. HOP CHAT

1. H;0 :
H,O 12 hop chat quan trong nht clia oxy va hydro.
- Theo thuy&t MO, phan tf HyO c¢6 8e héa tri dudc sip x&p trén cdc orbital
phan tif tuong ¥ng vGi cau hinh e :
(6, (0, (02" (my)”
o) :HOH=105" ,do.n=096A"
H H  u=184D
Trong phan ti H,0, nguyén ti O & trang thdi lai héa sp, 2 orbital lai héa tham

- Phan t& H,O c6 dang géc

gia tao 2 lién k&t O_H. Trén 2 orbital lai héa con lai ¢6 cip e tu do.
Vi cdc ndi O_H déu bi phan cyc nén phin tif nuc bi phan cuc manh véi ddu O

mang dién tich Am va diu H mang dién tich duong.

a. Tinh chdt

- § diéu kién thuong HO 12 chit 16ng khong mau, khong mui, khong vi, khoi
lugng riéng = 1g/ cm® & 4°C (khdi lugng riéng 16n nha't k& ci khi & thé rin), nhiét
dung = 4,185 J/g. 0, & 15°C (16n hon ty nhiét cia cdc chat 1dng khic), Tp’ = 0°C va
T.’= 100°C & 4p suit lat.

- Nudc 1a dung moi quan trong nhat trong thién nhién va trong ky thuat, 1a
phan tlf c6 cuc, kich thude nhd nén H,O 1a dung mdi ion héa rit tot, nude c6 kha

ning hoa tan nhiéu chat (chat dién ly ciing nhu khong dién ly).
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b. Hoéa tinh

NuSc ¢6 kha ning phin tng hdéa hoc rit cao : né két hdp vdinhiéu oxyd cilia
cdc nguyén td va vdi cdc mudi, tuong tdc dugc vdi nhiéu nguyén to.

- Qud trinh nu6c hoa tan cdc chit1a qua trinh hydrat héa chat d6 (hydrat héa 1a
1 phdn @ng héa hoc).

* POi v6i chat dién ly, qué trinh hydrat héa x4y ra nhd tuong tdc tinh dién giita
ion v6i phan ti ludng cuwc H,O hay nhd lién k€t cho nhan giita ion v6i phan ti H,O.

* P61 v6i nhitng chat khong dién ly hay kém dién ly ma trong phan tt c6 nhém
_OH (axit y&u, hgp chat hitu co nhu : dudng, rudu...), qud trinh hydrat héa x3y ra
dugc 1a nhd lién k&t hydro giita nhém _OH véi phan tir H,O.

- Nu6c c6 kha ning phan hiy nhiéu mudi. Phan ¢ng hiy dél a phan ng thiiy
phan. Thyc chit cia phdn ng thdy phan 1a tuong tic giita cdc ion clia mudi véi H

va OH 1am chuyén dich cin bing phan ly ctia H,O

H,O = H* + OH
hay 2H,0 < H;0" + OH
(Theo Bronsted, c6 thé xem H,O vira 13 1 axit vira 1a 1 baz)
CH;COO " + H,O < CH;COOH + OH
NH,* + H,O = NH; + H30"

- Nudc vira ¢6 tinh oxy hda vira ¢6 tinh khit

* Nhitng chdt khit manh hon hydro khit nuéc 14y oxy, gidi phéng hydro (nudc
1a chat oxy héa).

D6 1a nhitng chat khong kim loai nhu P, C..., nhitng kim loai kiém, kiém thd
(tic dung & t° thudng), kim loai chuyén ti€p (tic dung néng); nhitng hdp chit nhu
hydrua kim loai, oxyd carbon

Vidu: F + O L co o+ H

2Na+ 2H,O = 2NaOH + H,

* Nhitng chi't oxy héa 1dy hydro, gidi phéng oxy (nuéc 1a chat khit). Trudng
hdp nay hi€m, chi ¢6 véi nguyén t& c6 d6 Am dién 16n hon oxy nhu flor

Vidu: )F» + 2H,O0 = 4HF + O

c. Trang thdi tu nhién — Tinh ché — Ung dung

c.1 Trang thai ty nhién

Nudc 12 hop chit phd bi€n nha't trong thén nhién (2.10° tAn) bao phi 3% bé mit
trdi dat, tip trung chii yéu vao dai duong va bi€n, ngoai ra con c6 trong khi quyén,
dat, t&€ bao sinh vat (hon 70% khoi lugng cia ngudi 1a nudc).

¢.2 Tinh ch&
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- Nu6c udng 1a nudc ding trong cong nghiép thuc phadm can phii trong sudt,
khong mau, khong mui, vi d& chiu, khong chita cic tap chit hitu cd, vi khudn, lugng
mudivd co <0,5 g/ 1).

Pé lam nudc udng, ngudi ta loai sach cdc tap chat khong tan 10 ling trong
nudc sdng bing cich diing sulfua nhom ddnh trong nudc rdi loc qual 6p cat day.
Sau khi loc nuéc dugc sit tring bing Cl,, Os_.

- Nu6c dung trong phong thi nghiém phai tinh khi€t, mudn vay phdi chung cAt
nudc.

¢.3 Ung dung

- Nuéc 1a thifc 4n cin thi€t cho sinh vat 92,51/ 1 ngay/ 1 ngudi)

- Vi nudc c6 trit lugng 16n, r& va do nhitng tinh chat 1y héa clia né ma né cé
tAm quan trong doi vdi cong nghiép; ngudi ta ding nudc 1am nguyén liéu ban dau,
dung moi, chit rira, chi't lam lanh.

Vidu: Sinxuit1 tdn gidy can 100.000 1 nuéc.

2. H202 N
Biing nhitng phuong phdp da xdc dinh dugc H,O, c6 ciu tao gap khiic

H do o = 1,49A° | E = 52kcal
\O 101 SO 106" don= 0,9A° | E =90kcal
0o — Day O — O khong b&n(H,05 ¢6 tinh oxy

. . héa manh)
Désir phiai b6 khiotig d6t xiing ciia cdc lién két O_H nén phan t H,0, bi phan
cuc manh: pu=2,1D
H,0, 12 1 hop chit cong héa tri c6 cAu tao khac hin cic peroxyd kim loai
(Na0,, Ba0,) 1a hdp chit ion.

a. Tinh chdt

a.l. Ly tinh

Giita c4dc phan tir H,O, xudt hién lién k&t hydro khd bén 1am chiing k&t hop
dudc v6i nhau nén § diéu kién thudng, H,O; 12 1 chat 16ng nhu diu, khong mau,
kh&i lugng riéng 1,44 g/ cm®, Tl = -1,7°C; T, = 151°C.

Tan v6 han trong nuGc nhd ¢6 lién k€t hydro, tif dung dich né tich ra du6i dang
hydrat k&t tinh H,O,.2H,0 khong bén (T, = -52°C) 1a dung méi ion héa t5t ddi véi

nhiéu chat.
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Trong phong thi nghi€m, ta thudng dung cidc dung dich HxO; 3% va 30% (dung
dich H,O, 30%) goi la perhydrol).

a.2 Hoa tinh

- H,0, nguyén chit & t° thudng khd bén nhung khi ¢6 14n tap chi't nhu cdc kim
loai niing va ion kim loai, khi dun néng hoic bi chi€u sdng né phan hiy manh va

c6 thé gdy nod :

2H,0, = 2H,0O + O; ,AH=-23,6kcal/ ptg
- Trong dung dich nuéc, HyO, 12 1 axit rdt y&u, phan ly theo phudng trinh :
H,0, + H,0 = H;0" + HO,,K,=1510"

Khi tuong tdc vdi dung dich kiém manh, né cho peroxyd
H>0O, + ,NaOH = Na,0O, + H,O
- H,O vira c6 tinh oxy héa vira ¢6 tinh khir (HZOZ'I)
Giin dd dién th& khi ching té trong dung dich axit, HyO, 12 chit oxy héa tot
hon chat kht (khi cho dung dich H,O, dic tdc dung 1én gidy, vd bao hay cdc chit
chdy khac thi x4y ra su tu bdc chdy).

* HyO, 12 chit oxy héa manh c3 trong mdi trudng axit 1an moi trudng kiém

H0, + 2H'+ 2¢ = 2H,0,E’=1,77v
H,0, + 2¢ = 20H",E’=0,87°
N6 oxy héa I — I; S — SO4™ ; AsO3 — AsOy4
H,0, + H,SOs +2KI = L + 2H,O0O + K,;S0O,4
4H,0, + PbS = PbSO, + 4H,0

* H,O, thé hién tinh khit khi tic dung véi nhitng chit oxy héa manh nhu Os,
KMnO;, Cly (0,” — Oy).

H0, - 2¢ = O + 2H" ;E’=-0,68v
H202 + 03 = HQO + 202
5H202 + 2KMHO4+ 3HQSO4 = ZMHSO4 + KQSO4 + 502 + SHQO

b. Diéu ché
- Trong phong thi nghiém : Cho H,SOy lodng da dugc uép lanh bing nuéc dd
tac dung v6i peroxyd kim loai kiém hay kiém thd :
BaO, + H,SOs = H0, + BaSO (1)
NaO, + HSO4 = HO, + NaxSO4(2)
(1) thudng ding hon vi BaSO, két tiia dugc tdch ra dé hon

- Trong cong nghiép :

* Pién phan dung dich H,SO4 50% hay dung dich amonihydro sulfat v6i mat do
dong dién 16n (1 A/ dm?) va dién cuc Pt & t” thap (5-10°C)

anod :
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2HSO4 + 2¢ = S$08° + 2H'
2HSO, + 2¢ = S0
Acid peroxydisulfuaric (H,S,0s) s& k&t hop v6i H,O tao H,O,
H,S,04 + ,H,O = ,H,SO4 + HO,

Chung cit hdn hop sdn phdm & 4p suit thdp s& dudc dung dich H,O, lodng,
diing dung dich lodng & chan khong roi chung cit phan doan nhiu 1an sé& thu dugc
H>0, 90_99%.

e Phuong phdp antraquinol : Diing O, oxy héa antraquinol d€ dugc H,O, va

tdi sinh lai antraquinon bing c4dch dung H, kht¥ (xic tdc Pd) antraquinon.

OH o)
0O, |

oOlo]o 5 1orho + H0,
A

Antraquinon
Antraquinol Pd 4 H,
o
o O
c. Ung dung OH

Dung dich H,0, dudc st dung rong rii d€ tdy tring cdc cht hitu cd nhu gd,
téc... vi tinh oxy héa khong mianh liét 1im clia né nén khong tidc hai d€n nhitng
chdt nay.

H,0; con dugc dung dé€ sat trung vét thuong (H,0, 3% nude oxy).

d. Trang thdi tu nhién

Trong thién nhién, H,O, dugc tao nén trong qud trinh oxy héa clia nhiéu chat

bdi oxy khdng khi. Trong nudc mua va trong dung dich ctia 1 s6 cdy ciing c6 nhitng

vEt H-0,.
III. LUU HUYNH
A.DON CHAT
a. Ly tinh
S khic cd ban v6i oxy 13 c6 kha ning tao thainh mach dong thé
2,05A° S S
~ S - g~ g
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Cdc machndy c6 do bén dic biét 1a do trang thdi lai héa sp’ clia nguyén ti¥ S
gy nén. Bén nhat 12 phin tit dang vong Sg. Ngoai ra con nhitng phan tif mach kin
Se¢ va mach hd S,

2,05A° Phantd  AHy, (kcal/ mol)  Es s (tinh cho 1 lién két)
S, 101 50,5
S; 164,3 54,75
S4 228,5 57,1
Sg 498,0 62,2

S ton tai dudi 1 s6 dang thit hinh khdc nhau, 2 dang tinh thé thong thudng nhat
ctua S la dang ta phuong va dang don ta.

- Luu huynh ta phuong (S,) : dang S thudng gip trong ty nhién, 12 1 chit rin
mau vang chanh, d = 2,07 g/ cm’; Ty’ = 112,8°C; bén & nhiét do du6i 95,6°C; trén
nhiét do nay n6 bi€n ra dang don ta Sg

Se © Sp AH = 0,096 kcal/ ptg
- Luu huynh don ta (Sp ) : 6 mau vang nhat, d = 1,96 g/ cm’; T,’=119,3°C bén
3 '>95,6°C.

Cic tinh thé ctia 2 dang nay chi khdc nhau vé sy dinh huéng ctia cic vong Sg
ma thoi.

S 1 chat khong kim loai, don, cich dién tot, din nhiét rit kém va hau nhu
khong tan trong nudc, rat it tan trong rugu va eter; tan nhiéu trong dau hda, benzen
va nhdt 1a trong CS,. Trong cdc dung mdi ndy S, tan hoi nhi€u hon Sp. Khi két tinh
tif nhitng dung dich d6, S xud't hién dudi dang tinh thé ta phuong.

Khi dun S, d€n néng chdy, S bi€n thanh 1 chat 1éng trong sudt, linh dong va c6
mau vang. Pén trén 1600C, S nhanh chéng ¢6 mau ndu dé va nhét dan, d6 1a do
nhitng phn t& Sg bi phin hiy tao thanh nhitng mach dai So din, d&€n 250°C S 1dng
dic qudnh lai giéng nhu nhya va ¢6 mau nau den. Trén 300°C d6 nhét gidm dan va
dé&n 444,6°C S s6i tao nén hdi c6 mau vang da cam, sy gidm d6 nhét & day la do su
dit clia cdc phan tif mach dai thanh nhitng mach ngén hon. Khi 1am ngung tu hoi S
va ha thap dan nhiét d9, qué trinh bi€n ddi d6 nhét, mau sic va trang thdi s& x3y ra
ngugc lai.

S da dun néng trén 160°C dugc 1am lanh nhanh bing cdch rét vao nuGe lanh sé&

dugc S déo, dan hodi nhu cao su.
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Tuy theo nhiét 9, & trang thdi h di, phan tir S c6 thé gdm 6,4 hay 2 nguyén ti.
Pé&n khoing 2000°C, phén t& S, bi phan ly thinh nguyén ti S.

b. Hoéa tinh

S 1a 1 khong kim loai gi6ng oxy nhung c¢6 hoat tinh kém hon 1 it. S ¢6 d6 4m
dién 16n (2,5) chi thua halogen, oxy va nitd. Cac trang thdi oxy héa cta S l1a -2,0 ;
+2; +4 va +6; dic trung nhat 1a -2, +6.

S vira ¢6 tinh oxy héa vira ¢6 tinh khu. G nhiét do thudng hdi kém hoat dong
nhung khi dun néng né tuong tic v6i hau hét cdc nguyén td trir cac khi trd Ny, I,

Au va Pt.
+ Tinhoxy héa: S + 2e — S*,E’=-044v — tinh oxy héa y&u
* Vi H, : Khi dun néng & 300°C, S tuong tdc véi H, tao dihydrosulfua

S + H < H,S,AH = -4,8 kcal/ ptg

Phéan ¢ng xay ra kém manh liét hon so vdi tuong tac gitta O, va H,.

* VGi kim loai : As, Sb chday sdng trong hoi S, Fe, Cu, Zn, Al khi nung d4 tic
dung véi S bot d€ cho sulfua (As,Ss, AssSs, SbyS3, SbaSs, FeS, Cu,S, ZnS, AlS3). 3
nguyén t6 Cu, Ag, Hg c6 thé tdc dung truc ti€p v6i S & t° thudng trong khi bac néng
chdy ciing khong tic dung véi oxy con Hg va Cu thi phdi d6t néng méi tdc dung
vdi oxy.

* V6i P: O 100°C, S tdc dung véi P tring (v6i P dd & 250°C) tao cdc sulfua
PS¢, P4S7, P4Sio.

+ Tinh khtt : V&i nhitng khong kim loai hoat dong, S thé hién tinh kht

*VGi O : S ¢6 di luc 16n v6i Oy, S chay trong O, khdng khi cho ngon 1ta mau
xanh va phét nhiéu nhiét

S + 0, = SO ; AH = -71 kcal/ ptg

* VGi halogen : S v6i F, & t° thudng, véi Cl, va Br; khi dun néng tao nén cac
halogenua ctia S ki€u SHaly, SHals.

* V61 cdc hgp chat : KNO;, KClO3, K>Cr,07, HNO3, H,SO4 dic: S thé hién
tinh khtt tao nhitng hgp chi't tng véi trang thai oxy hdéa duong clia né .

3S + 2KCIO; = 35S0, + 2KCl
S+ 2H,SO0u4(d, n) = 35S0, + 2H,O
S + ,HNOs(d, n) = H,SO4 + 2NO
+ Tu oxy héa ty khi¥ : khi dun néng S trong dung dich kiém soi :
3S + 6NaOH < 2NaS + NaySO3 + 3HO

+ Phdn tng cdng : S cho phdn tng cdng dé dang véi cdc sulfua va sulfit tao
thanh cédc polysulfur va thiosulfat, trong d6 S lién k&t v4i nhau tao thanh nhitng

mach dai
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(n-1)S + Na,S Na,Sn (n=1,2,3,4...)
S + Na2803 = NaszO3

c.Trang thdi tu nhién
S 12 nguyén t& kha phd bi€n trong tuf nhién, thudng gip cd & dang don chit va
hop chat, chi€m 0,03% X nguyén ti; G Nhat, Y, My§, Lién X0... ¢6 nhiéu mé S 16n.

Cac khoang S chia lam 3 nhém :

- Nhém sulfat : trong thanh phan thudng chita cdc kim loai kiém va kiém thd
nhu : Na,SO4, CaSOy4, BaSO,.

- Nhém sulfua : gdm cdc sulfua kim loai ning nhu PbS(galen), FeS, FeS,
(pyrit), CuS, HgS, ZnS (Blend), FeCuS, (cancopyrit).

S con ¢6 trong thanh phan clia protit nén 12 c6 trong dong thuc vat.

- Cdc dbng vi bén : S (95,1%), *S(0,74%), **S(4,2%), *°S(0,016%) cdc ddng

vi phéng xa nhén tao 3g, 37

d. Ung dung

Phan 16n S dugc sit dung vao viéc diéu ché H,SOy, thudc nd den, diém, thudc
nhudm, thudc trir siu. S 13 chit khong thé thay th& dudc trong viéc lvu héa cao su
dé ting tinh bén v md rong gidi han nhiét d6 cho tinh dan hdi clia cao su.

S hoa (S vo dinh hinh) ding lam chat khit ddc trong y khoa, dung ché thudc
ghé, thudc l4t. ..

e. Piéu ché

- khai thdc S tu nhién :Nguyén tic 1a niu néng chdy S d€ tach khdi ban quing.

Ngudi ta ndu néng qué hoi nuée dén 160°C r6i cho vao long da't dudi 4p suit
cao, S néng chdy va dugc diy 1én mit dat bing khong khi nén khodng 35atm. Véi
cdch nay ngudi ta c6 dugc S nguyén chat dén 99,5%

K. khi

S 16ng

<« hdi nudc néng
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- Thu lai S tif cdc chat ba clia k§ nghé nhu:
* H,S ctia nha mdy sdn xudt khi dot.
* SO, clia nha mdy luyén ddng, k&m, chi, atimon.
O (° thich hdp, diing than hay khi CO d€ khir SO, thu lai S. Thuin 1gi nhat 1a
diing khi CO & 500°C va c6 bauxit lam xic téc.
so, + 2c0 °%C2co, + S
Vi HyS, ngudsi ta cho hén hap khi nay véi khong khi di qua than néng dé
DS+ O % 2H0  + S

B. HGP CHAT

1.(H5S):
- Cau tao:H,S ¢6 cau hinh e va cau tric phan t twong tyw nhu H,O
P RE Phén t& ¢6 cuc nhung d6 phan cuc kém H,O, u=093D. /
H 92° H Vi S ¢6 @0 4m dién kém oxy va c6 kinh thudc tuong doi 16n
nén mat do e khong di 16n d€ tao thanh nhitng lyc hit manh
giita cdc phan ti¥ HpS voi nhau, khd ning tao lién k&t hydro y&u hon nuée —>t% , t%
thap hon H,0, tan it trong nudc.

a. Tinh chdt:

- Ly tinh: & diéu kién thudng, H,S 12 mdt khi khong mau, mui tritng thdi va rat
doc.T% =-61,8"C; 1% = - 85,5°C (0,1 % H,S trong khong khi dd giy nhiém doc
ning). It tan trong nudc (2,51 HS trong 1 lit H,0), tan nhiéu trong cic dung méi hitu
cao.

- Héa tinh: H,S ¢6 tinh chit hod hoc quan trong 1a tinh khit manh va trong dung
dich: axit y&u.

+ Trong dung dich, H,S 1a axit hai nic va rit y€u (hdi y€u hon axit carbonic

HS + H0 <& HO'+ HS k=107
HS + H0 & H;0'+ S ki=10"

— N6 tao hai mudi:sulfua va hydrosulfua. Chi c6 cic kim loai kiém, kiém thé
va NH4" cho dudc mudi hydrosunfua. Phin 16n cdc sunfua khong tan trong nuéc, chi
¢6 sunful ctia kim loai kiém, kiém th& va NH*, 1a tan dudc.

+ Tinh khé: H,S kém bén nhiét hon H,O (b4t ddu phan hily & 400°C va phan

hiy hoan toan & 1700°)

3500°C
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2st < Hp + S
* VGi O khi H,S chdy trong khong khi voi ngon Itta mau xanh
2HQS + 302 = 2802 + 2H20

Néu thi€u oxy va cé Fe,O; xiic tic, phdn tng cho S:
HS+ 120, < H0 + sl

Trong khong khi c6 hai 4m thi H,S s& phidn ¢ng cham voi oxy khong khi & t°

thudng gidi phong S
HS+ [20,dm = H,0 + S{

Phdn tng nay cho thdy nhém O_S ciing giéng nhém halogen 13 nguyén to
ding trén c6 thé ddy nguyén t6 dudi ra khéi hdp chit ciia né. Phan @ng nay ciing
cho ta gidi thich tai sao dung dich H,S lai duc nhanh vi c6 S k&t tda va khong c6 su
tich tu H,S trong khong khi mit du ¢é nhiéu ngudn phit sinh ra né ngay dém do sy
phan hily ciia ch4't albumin trong xdc dong thuc vat, sy phan hity moi thit rdc rudi.

Né&u du Os, ¢6 hdi 4m, c6 xtic tdc thi phan ng din d€n H,SO4

HS  + 20y dwdm) ¢ H,SO.

*VGiCl,,I, : H,S +Cl, = 2HCI +S ; HoS +1, =2HI +S

* Fe* : H,S +2Fe’* = 2Fe*™ +S +2H"

*V @1 cromat, permanganat
3H,S + KoCr,O7 + HSO4 =3S+Crx(S0y4); + K,SO4 +7H,0
SH,S + 2KMn,0O4+ H,SOs =3S+2MnSOs + K,SO4 +8H,0

b. Trang thdi tu nhién
H,S c¢6 trong mdt s6 sudi khodng va trong khi thién nhién. N6 sinh ra khi
nhitng hdp chat hitu co chita S clia sinh vat bi thdi rita.

c. Piéu ché
- Trong phong thi nghiém: Cho FeS tac dung vdi axit lodng trong binh kip
FeS + 2HCI = H,S + FeCl,

Pun néng trén 700°C modt hdn hgp S bot, amiang va parafin (14y theo ty 16 khdi
lugng 3:2:5). Khi d€ ngudi, phdn &ng ngung lai, khi dun néng phan tng lai ti€p
dién.

Sne + H, 3% HS
- Trong cong nghiép: H,S 14 sdn phdm phu cda qud trinh tinh ch& ddu mé va

khi thi€n nhién.
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2.50;
- C4u tao: Tuong tu NO,, Os> Nguyén ti S trong SO, & trang théi lai hod sp” c6

N\ 0 0
Phéan t ¢6 dang géc OSO = 119,5, dy.= 1,43A

mot cdp e ty do.

S p=1,59D

o 0

2 orbital lai hod dudc diing d€ tao lién k&t voi hai nguyén tir O con lorbital lai
hod c6 cip e ty do. Mot orbital p khong lai hod clia S véi e dc than tao lién két
voi orbital p clia 1 trong 2 nguyén tif O ciing c¢6 e doc than, diy 1a mot lién két n
khong dinh chd.

Su riit ngdn manh d6 dai cia lién k&t S-O cho thdy ngoai lién két m ki€u p-p
con mot phan lién két © cho ki€u p —d tao bdi orbital p ¢6 cip e ty do cida O va
orbital d tréng cia S.

- Ly tinh: G diéu kién thudng, SO, 1a mot chat khi khong mau, mui khé chiu,
dé& ho4 18ng, d& ho4 rin t0s=-100C (hay & t° thudng, P = 5at). SO, hod 18ng d& bay
hoi, khi bay hai thu nhiéu nhiét nén dugc ding trong mdy lanh c6 thé ha t° d&n —
60°C, T°,.=-75°C. La hdp chit ¢6 cuc manh, SO; tan nhiéu trong nudc (401SO, trong
11H,0).

- Hod tinh: SO, vira ¢6 tinh khit, vira c6 tinh oxy ho4 nhung chd y&u 1a tinh khtt
kha manbh.

+ Tinh khit: VGi Cly: duci dnh sdng mit trdi, SO, bi clor oxy hod thanh clorua
sulfuaryl.

SO, + ChL ™ so.qn
SO,Cl,la mot chat 1dng bdc khéi trong khdng khi, bi thiy phan dé dang:
SO,Cl, + 2H,O = H,SO4 + 2HCI

*V6ioxy: 2SO, + O, < 2803, AH20 =-44,4kcal.

Pay 1a phin tng phat nhiét nén mudn c6 hiéu sud't cao thi phai thuc hién & t°
thap vA mudn cho phdn tng ¢ tdc dd nhanh thi cAn phii c6 xiic tic, diy 1a khiu
chii y&u trong phuong phap diéu ch& H,SO, trong cong nghiép, ngudi ta thudng
thuc hién phin dng ndy & 450-500°C, xdc tic V,0s5 hay bot Pt.

* Tinh khit kém H,S, HI, H, nhung SO, vin khir dudc nhitng hop chit nhu Fe®*
— Fe*, KMnO, »>Mn** CrO,*~ —»Cr’*

SO, + 2FeCl; + 2H,O = 2FeCl, + H,SO, + 2HCI
580, + 2KMnOs&+ 2H, 0 = K,SOs + 2MnSO4+ 2H,SOq4
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+ Tinh oxy héa: P&i v6i nhitng chi't khit manh nhw H,, HI, H,S, SOs thi SO, thé
hién tinh oxy héa, né c6 thé bi khit thanh S hay H,S.

SO, + 20 = 2C0, + SY

SO, + 2H,S = 2H,0 + 3S!

SO, + 6HI = 2H,0O + H,S + 3Db
SO, + 2H, = 2H,0 + S{

SO, + 2C = S + CO

+ Tinh axit: Dung dich SO, trong nudc ¢6 tinh axit yéu, phﬁn 16n khi SO, d3 tan
vao dung dich & dang hydrat héa SO,.xH,O khi lam lanh dung dich c6 thé tich ra

hydrat SO,.7H,0.
SO, + xH,0 < SO0,xH,0
S0,.xH,0 < H;0"+HSO5 + (x-2)H,0 ; k;=2.107
HSO5 (aq) < H;0" + S057(aq) : k,=6.107

— Tdac dung véi oxyt baz tao mudi, véi baz va nuéc.

+ Ung dung: SO, dugc diing d€ sin xuit H,SO,4 1am chi't tiy tring trong cong
nghiép gidy, dét, dudng, 1am thudc trir siu va thudc sit tring, sdn xuit cellulose,
tdng hop mudi sulfit va bisulfit.

+ Diéu ché:

* Trong phong thi nghiém : nhé dan H,SO, dim dic vao mudi sulfit hay
hydrosulfit.

NaHSO; + H,SOs = NaHSO,4 + HO + SO,

* Trong cdng nghiép : dot chdy S trong O, hay trong khi hay dot cdc khodng

vat sulfua nhu pyrit, galen, blend.
4FeS, + 110, = 2Fe,03

3.H2S04.‘
- H,SO,4 nguyén chit 12 mdt hdp chit cong héa tri c6 ciu tric tf dién ¥ng v6i
trang thdi lai héa sp’ clia S tao thanh 4 lién két o ndi lién s v6i 4 nguyén ti O, céc

orbital 3d ctia S tham gia tao thanh 2 lién két nt dp-

.S
~ \ O—H
+ Tinh chit:
+ Ly tinh: H,SO4 12 mot chat 16ng khong mau, khong mui, nhét nhu dau,

d=1,84; héa rin & 10°C, khong bay hdi & nhiét do thudng, sdi & 336°C, khi gin soi
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thi bit dau phan hdy dan cho mdt hdén hdp hdi gdm SOz va H,0(98,2% : hdn hgp
dong s6i).
Tan trong nuéc vo han, khi tan phdt rat nhiéu nhiét. Nhiét lugng nay phan 16n
12 do niing lugng Hydrat héa cia H' :
H" + H0 < H;0" AH = - 268Kcal/ptg

- khi pha loang H,SO, biing nu6c phai thin trong: phdi d6 tir tir acid vao nudc
va vira d6 vira khudy.

Trong dung dich ngoai H;0"  con cé cac ion  Hs;0, (H2H,0),
H,05"(H*3H,0) cho dén H,,0,0"(H".10H,0).

H,SO, rdt hio nudc nén dugc diing 1am chat 1am kho, né cé thé 14y nudc trong
chat hitu co va than héa chiing
C12H201
- H,SO41am bdng da

+ Héa tinh: H,SO, c6 2 dic di€m : khi lodng né 12 acid manh, khi dic né 1a

H30: e+ 1m0

chit oxy h6a manh.
* Tinh acid cia H,SO,4 lodng

H,SO4 100% khong thé hién tinh acid vi n6 bi phan li rat it
H>SO4 < HSO3+ + OH

Phén @ng nay cho ta gidi thich dugc sy sunfon héa ctia H,SO4 ddc hay oleum
bdi sy thay thé H bing nhém HSO3
Trong dung dich nuéc H,SO4 1a mdt acid manh va 2 nic:
H,SOs + HO = H;0" + HSO, ; K=10°
HSOs + H.0 « H0°  + SO 5 Kp=12.107

Do K; va K, khdc nhau nhu vdy nén khi ti€n hanh phdn ng & nhiét do thudng
hay dem dun néng khong di thi phdn tng chi tao mudi sunfat acid va khi dun du
néng thi méi tao mudi sulfat trung tinh.

Do su hién dién ciia nhiéu ion H;O" trong dung dich nén H>SOj4 (1) 1a mot acid
manh. Trong trudng hdp nay, chit oxy héa 1a H" nén H,SOy4 chi tdc dung véi céc
kim loai ditng truc H trong diy dién th& va gidi phong H,

H,SO4 + Zn = ZnSOs + H;

* Tinh oxy héa clia acid dic: ddy 12 mot tinh chat dic trung quan trong cla
H,SOy4, phdn bi€t n6é véi cdc acid khac.

H,S0;4 dic, cin thi dun néng, phdn &ng dudc vSi nhiéu don chi't va hop chat
cho nhitng sdn phdm nhu SO,, S hay H,S. mifc dd oxy héa phu thudc vao chat khir

manh hay yé&u.

Hé6 Bich Ngoc Khoa Héoa Hoc



Simpo iz d/\ Fehdi TGt Oy @jstered Version - http://www.simpopdf.com - 105 -

Téc dung oxy héa clia H,SO, cang manh néu acid cang dic va cang néng, n6
tic dung hiu hét cic kim loai k& ci Cu, Ag... d@€ cho SO,, S hay H,S (thudng 1a
SO»).

2H,SO4(d) + Cu C CuSOs + SO+ 2H,O

V&i chd't khit manh nhu Zn, phdn ng phic tap hon, ¢6 cd 3 phan tng:
2H,S0O, + 7Zn = Z7ZnSO; + SO+ 2H,O
4 H,SO4 + 3Zn= 3ZnSO4 + S + 4H,O
5H,SOq + 47Zn= 47ZnSOs + H,S+ 4H,O

V6i khong kim loai twdung doi dé bi oxy héa nhu C, S, P...

2 H,SOy4 + C = 2SO0, + CO+ 2H,0O
V6i cdc hgp chat khit nhu HBr, HI, H,S...

H,SO4 +2HBr = SO, + Brnb + 2H,O

H,SO, +8HI = H,S + 4, + 4H)0

H,SO4 +H,S = SO, + S + 2H)0O

- Ung dung: H>SOy dugc sit dung rong rai d€ sdn xudt phan bén va mudi sulfat,
tinh ch&€ diu md va dung trong cdc nganh tdng hop hitu co khdc nhau (chit nd,
phd&m nhudm, dudc phdm...), 1am chat dién li trong dc quy chi.

+ Piéu ch€ : Nguyén tic 12 oxy héa khi SO, 16i cho hgp nu6c. Cé 2 cich thuc
hién :

+ Hoic oxy héa trudc rdi cho hgp nuée sau:
250, + O = 2S0;
SO; + HO = H)SO4

- phuong phap ti€p xiic

+ Hoic oxy héa va hop nuée dong thdi

250, + 0O, + 2H, O = 2H,S0O4

—> Phuong phap thdp (phuong phap phong chi)

1/ Phuong phép ti€p xic:

* Phuong phdp hi€n dai. Sy thuc hi€n qua 4 giai doan:
- Piéu ch& khi SO, : 4 FeS, + 11 O, = 2 Fe,05 + 850, ,AH = - 815 Kcal/ptg
- Loc sach hdn hgp khi SO, + O,
- Oxy héa SO, : hdn hop khi loc sach duge 1am kho dén 450°C rdi qua chat
xtic tac 1a Pt hay V,0s giit & nhiét do khong ddi trong thap oxy héa
450°C

250, + O 2™ 2805, AH =-46Kcal/ptg
V0

Z A AIG ~ A /\/ ,k ~ - A A
Hi€u suat dat dugc 98% . hi€u suat nay phu thudc rat nhi€u vao nhiét do
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Nhiét do 450 600 900
R 98% T16%  16%
- Do d6 phai giit nhiét that 8n dinh. Hién nay thudng ding xic tic V,0s5 vi n6
chiu doc hon Pt 1ai ré hon ma hiéu sui't gan biing Pt.
Co ch€ xic tdc: V205 +SO, = V,04 + SO;
Va0, + 2SO, +0, = 2VOSOy4
2VOSOq4 = V05 + SO3+ SO,

Hép thu SO; : hdn hop va SO, dudc 1am ngudi xudng 60°C (khong duge dudi
50°C @€ tranh su ngung tu hdi SO3, rdi cho tan vao dung dich H,SO4 98,3% & nhiét
dd khong ddi 50°C trong mot thap.

SO3 + HO = H,SO4 . AH =-19Kcal/ptg
SO; + HySOs = H)S04.x SO

Thu dudc oleum, pha lodng thi dugc cdc acid c6 ndng d khic nhau.

2/ Phuong phdp phong chi:

Phuong phéap cd dién, trudc diy diing c6 vach biing chi, d€n nim 1920 ngudi ta
dung phong thép hay chat déo. Viéc thuc hién qua 3 giai doan:
- Piéu ché khi SO,
- Loc sach hdn hgp SO, va O, , 1am ngudi xudng 100°C.
- Oxy héa SO, va hgp nuSc dong thdi
2S0,+ 0O, + HH O+ NO + NO, = 2HSO4 NO
2 H,SO4. NO + H;0 = 2H,SO4+ NO + NO,
250, + 0O, + HO = 2H,S0O4

hdp chat trung gian 1a Nitrozomi hydrosulfat H,SO,. NO. Phuong phédp nay chi
cho acid lodng 75-76% va c6 1an tap chat.
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CHUONG VIII:
CAC NGUYEN TO PHAN NHOM VII,

Hydro la nguyén t6 don gidn nhdlt, tuy nhién tinh chdt ciia né thi khong don
gidn. Mét vai bang da xép Hydro vao nhém I, nhitng bdng khdc lai xép vao nhém

VII,. Cdch sau hop ly hon vi théa man dugc nhiéu tinh chdt ciia né.

A. HYDRO

1. PAC PIEM CAU TAO NGUYEN TU
Hydro H: 1s' ¢6 céc khi ning:

1. MAt e héa tri bién thainh H'.

2. K&t hop e héa tri bi€n thanh H™.

3. Tao nén cip e chung cho lién két cdng héa tri.

4. Tao lién k&t Hydro:

Lién k&t Hydro 12 mot loai lién k&t dic biét ¢6 ning lugng y&u (chi manh hon
nhitng Ivc ndi lién phin tif Vander Waals, y&u hon ndi héa hoc).

- Piéu kién dé c6 su tao lién k&t Hydro 1a H phdi c6 tinh di dong nghia 13 ndi

cong héa tri v6i nguyén tif c6 do Am dién manh va phdi c6 ngudn giau dién ti¥ (F,

O,N..)
0 & 8
CH3_O ................. H—O
Hs. Hs.

Néu H lién k&t v6i nguyén t X khdc (chi yéu la F, O, N, Cl...) thi lién k&t H-
X ndy ¢6 cyc khd 16n va mot phan dién tich duong tip trung & nguyén tf H. khi do,
nguyén ti H c6 thé tuong tic v6i nguyén tif Y khdc tich dién Am hay c6 du e tao
thanh lién k&t hydro.
x> - HY ..Y*
Lién k&t hydro déng vai trd quan trong ddi véi héa tinh cia nudc, clia dung
dich nudc, cic dung modi chita -OH va cdc phan t& chita -OH. Pic biét, ching lién

k&t cdc mach Polypeptit trong Protein va cdc cip Baz trong cdc acid Nucleic.

IL PON CHAT
Dang ton tai binh thudng & trang thdi tu do ctia hydro 13 phan t& H, gom 2

nguyén ti:
H-H:di=0,74A° ; Ej =103 Kcal/ptg
Vi viy, H, c6 @6 bén 16n, khé bi cuc héa.
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1. Ly tinh:

- Phan t H, ¢6 d6 bén 16n, khé bi cyc héa, hét stc bé va nhe nén c6 Ty, T
rdt thap (T%. = -259,1°C, T’ =-252,6°C).

e} nhiét do thudng, hydro 1a chit khi khong mau, khdng mui, khong vi, rat it
tan trong nude (18,8cm’khi/1L nude & 15°C) va trong dung méi hitu co.

- Hydro 12 chét khi nhe nhat (ty trong khi & 0°C va lat 12 0,08986g va ty trong
16ng 12 0,071g/ml) nén H, c¢6 t6¢c do khuéch tdn 16n nhit, n6é dé dang khuéch tdn
qua cdc tAm vat liéu x6p va cd cdc tAm kim loai dugc nung néng (Pt, Pd). Nhd c6
toc do khuéch tan 16n, khi hydro c6 d6 din nhiét I6n (n€u diing khi hydro d€ 1am
ngudi mot vat néng thi qud trinh nguodi xay ra nhanh hon 6 1an so v6i khong khi).

- Gin day, ngudi ta da tao ra dugc mot trang thai mdi clia hydro 12 trang th4i
kim loai khi nén hydro duéi 4p sudt 3.000.000 atm, & - 270°C. Hydro kim loai 1a

mdt chit rin c6 do din dién cao va nhitng tinh chi't kh4c nita clia kim loai.

2. Hoéa tinh:

a. Phan d@ng Oxy - héa khi:

O diéu kién thudng, do phan t& bén nén H, kém hoat dong, chi khi dot néng,
né mdi cho phidn tng dé dang. H, vira c6 tinh khit vira c6 tinh Oxy héa nhung tinh
oxy héa khong dié€n hinh, chi thé hién d6i vdi nhitng kim loai cwc manh (kim loai
ki€ém, kiém th&) con tinh khi¥ thé hién d6i véi tit ca cdc phi kim loai va nhiéu hop

chat.

+ Tinh Oxy héa : Khi tic dung véi kim loai kiém, kiém th d€ cho nhitng

hydrua mudi 13 nhitng hop chat ion c6 ciu tao tinh thé rin.
Na + 1/2H, = NaH

+ Tinh khu:
- V6i don chat: Tuy thudc vao hoat tinh clia phi kim loai ma phdn &ng dién ra
v6i tdc do khdc nhau.
VD:
- V6iF, : ludn ludn giy nd :
H, + b = 2HF
- Véi Cl, : Phin tng dién ra chAm trong béng tdi va khong dun néng, ngoai
4nh sdng dién ra rat nhanh con khi dudc kich thich (chi€u sing, dun néng) phan tng
c6 thé dién ra tifc thdi va giy nd:
H, + Cl = 2HCI
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- V6i 05 : O nhiét do thudng hau nhu khong tdc dung, nhung khi ti€p xtic ngon

Itta hay c6 tia lira dién thi né manh
H, + 120, = H,O0, (H=-68 Kcal/mol

Phin tng nd nay dugc gidi thich nhu sau: nhiét dd bit chdy ctia hdn hop
Hydro-Oxy c6 ty 1& 2:1 1a 550°C nhung chi cin mot diém & trong hdn hop dat t6i
nhiét do d6, phan ng x4y ra tai di€ém d6 sé& d6t néng nhitng phan tk H, va O, &
chung quanh 1am cho ching phin ng v6i nhau va phan &ng cit th€ lan truyén rat
nhanh trong toan bd thé tich cia hdn hgp gdy ra hién tugng nd vi nhiét ctia phan
ing da lam thé tich khi ting I&én dot ngot.

Do phdn tng phat ra nhi€u nhiét nén ngon lfa cda hydro chdy trong Oxy
nguyén chi't c6 nhiét do khoang 2500°C.

+ Véi cdc hop chat:

- H, c6 thé 18y oxy hay halogen tif nhi€u hgp chi't ctia kim loai va phi kim loai
(tng dung dé diéu ché kim loai ty do: Cu, Pb, Fe, Hg, Ni, W).
H, + CuO = Cu + HO
H, + CuCl, = Cu + 2HC]
- Khi c6 mit Pt xiic tic, hydro c¢6 thé khi¥ nhiéu hgp chi't hitu cd tan trong dung
mdi hitu cd: khit hgp chit khong no thanh no, khit andehyd thanh rugu

N J/ I I
C = C + H> =_C—-C—
/ N\ |

- Hydro tan dudc trong cdc kim loai kém hoat dong (Pd, Ni, Pt). Khi dé,
H,—2H, hydro xdm nhip vio mang tinh thé kim loai tao thanh dung dich rin véi
lién k€t kim loai.

- Hydro nguyén t(:

TN : FeCl; + HCl + Zn — hydro vira dudc gidi phong bi€n FeCl; (mau vang
nhat) thanh FeCl, (mau xanh nhat) (D).

FeCl; + H;khongxdyra (2).

Gidi thich : Trudng hgp 1: hoat tinh dic biét d6 cia hydro l1a do hydro tac dung
véi FeClj trong thdi gian phan ly cé nghia 1a trong thdi gian nhitng nguyén t& H
chua k&t hgp véi nhau thanh phan ti H,

Diéu kién:

1/ Diing nhiét d§ cao d€ phan ly phan tif H, thanh nguyén ti H:

Hy <%0 5 2H AH =  103Kcal/ptg.
Nhiét do cang cao thi ty 1& H nguyén tf cAng nhiéu va phdi ding ngay vi

dé nguoi thi c6 phan tng nghich.
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2/ Phéng dién yén ling trong hydro c¢6 4p sudt bé ti 0,1 — ImmHg. G diéu
kién thudng, hydro nguyén tif c6 thé k&t hgp véi O, S, P, As khi¥ oxy clia nhiéu
kim loai, ddy dugc mot sd kim loai (Cu, Ag, Pb) ra khéi dung dich mudi va tham
gia vao nhitng phdn ng ma trong cliing di€u kién d6 hydro phan tif khdng c6 khi
nang.

Gidi thich: Trong cdc phdn ¢ng héa hoc, H, tru6c hét phdi phan ly thanh
nguyén tl, qui trinh ndy doi hdi nhiéu ning lugng, con khi tuong tic véi H thi
khong can ning lugng phan hiy nén pham vi phdn ng s& rong hon.

3. Trang thdi ty nhién - diéu ché - iing dung:

a. Trang thai ty nhién

- Hydro 13 nguyén t6 phd bién trong ty nhién. ham lugng cida né trong v4 trai
da'tla 17% tdng s6 nguyén ti.

O Pia ciu, hydro ¢6 it dudi dang don chdt nhung ¢6 rdt nhidu dudi dang hop
chit : nudc, dat d4, chat khodng, cd thé dong thuc vat...

Hydro lai 12 phé bi&n nha't trong vil try, né chi€m mot nita trong lugng clia Mit
trdi va phin 16n cdc vi sao, c6 trong kkhi quyén ctia nhiéu hanh tinh, sao chdi, vin
tinh...

- C6 3 ddng vi: proti (;'H ) 99,984%; Deuteri (;°"H hay D) 0,016% va Triti (;°"H
hay T):10% "H va *H 12 ddng vi bén, *H 13 ddng vi phéng xa.

b. Pié¢u ch&
+ Trong phong thi nghiém:
- Cho HCI hay H,SO4(1) tdc dung véi nhitng kim loai didng truGc hydro trong

day Beketov:
Zn + 2HCI = Z7ZnCl + H
- Cho kiém dic tic dung véi Al hay Zn & nhiét dd néng:
Zn  + O2NaOH £ Nayzn0, + H,
 Cho kim loai kiém, kiém thé tdc dung véi nuédc :
2Na + 2H, O = 2NaOH + H

+ Trong cong nghi€p:
- Bién phan nuGc chita mét lugng nhd H,SO4 hay NaOH
- Cho hdi nudc tac dung véi C § nhiét d6 cao (phuong phap khir Oxy cua hoi
nudc bing than)
C L H0 109°C o + H,, AH = 31 Kcal/ptg
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Hon hgp khi CO + H; goi 1a khi than w6t khé tach ra. Ngudi ta cho hdn hdp nay
cling v6i hdi nudc di qua Fe,03 nung néng d&n 450°C 1am cha' xic tic, CO s& bién
thanh CO, dong thdi thu thém dugc mot lugng khi H,

(H)+ CO + H,0 =% H, + CO, + (Hy)

Rura khi thu dugc v6i nude 64a580gu5t 20at d€ hoa tan CO,, tich né ra xong rira
véi 1 dung dich mudi Cu(1)/NH4,OH @€ hap thu ddu vét CO con s6t lai. Con lai 1a
H, sach.

- Phuong phdp khit hoi nude bing sit: cho hai nuée di qua sit nung d & 500°C.

3Fe + 4H,0 = FeO.Fe,O; + 4H;
500°C FeO,

- Phuong phap bién d6i khi CH, (phudng phap kinh t€ nhat): CH, dugc bién d6i
bing tdc dung ctia hoi nude & 800°C — 1000°C, xiic tic 1a Ni pha Co:

C6 2 qué trinh bién ddi:

CH,¢ + H0 800C o + 3H
CO + HO = CO, + H;

¢. Ung dung: Hydro c6 nhiéu @ng dung quan trong

- Duing dé téng hgp NH;, HCI...

- Dung 1am ngudn nhién liéu héa hoc (hdn hgp CO va H, goi 1a khi than u6t
dét chay dugce).

- Diing @€ hydro céc loai ddu md d€ dugc nhitng thi dic va tdt hon.

- Diing trong dén xi hydro d€ han va cit kim loai khé chdy (vi khi dot véi Oxy
nhiét do 1&n dén 2600°C).

- Diing @€ diéu ché kim loai c6 d@o tinh khiét cao

B. HALOGEN

L. PAC TINH CHUNG
Nhém VII, (Halogen) gdbm cédc nguyén td : Flor (F), Clor (Cl), Brom (Br), iod
(I) va Astatin (At). Chiing c6 tén 1a Halogen (Hy Lap: "Sinh ra mudi") do kh3 ning

c6 thé héa hgp véi kim loai kiém d€ cho mudi di€n hinh. quan trong nhi't vé mit ly
thuyé&t ciing nhu ng dung 1a Clor. Nguyén t§ Astantin phéng xa va hi€m 1a mot
nguyén td it dugc nghién ciu.

+ Mot vai tinh chi't ctia Halogen

F Cl Br I At
Z 9 17 35 53 85
CAu hinh e [He]2s2 | [Ne]3s*3 | [Ar]3d'%s%4 | [Kr]4d'%5s | [Xel4f'5d'°16
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Rc@ng héa tri(Ao) p5 ps pS ’5 %6
Eionnea 1 (Kcal/ptg) 0,71 0,99 1,14 P’ p’
Ai luc e (Kcal/ptg) 401,8 300,7 273,0 1,33 -
Po Am dién 79,5 83,4 77,3 214,1 -
E%X2 + 2¢” < 2X) 4,0 3,0 2,8 70,5 --
(V) 2,87 1,36 1,07 2,6 2,2
Ex _ x (Kcal/ptg) 38 58 46 0,54 --
Dx_x (K% 1,42 2,00 2,29 36 25
T°,(°C) 233 -100,98 7.2 2,67 --
T°C) -187 34,15 58,75 113,5 299
Néing lugng hydrat 122 89 81 184,5 411
héa 72 -

- C&u hinh electron héa tri ns’p5 nén c6 thé thu thém le d€ cho X khi tic
dung véi kim loai: X + e = X hay tao nén lién k&t cdng héa tri bing cdch gép
chung le doc than véi nguyén t6 khdc => Halogen 1a nguyén t8 khong kim loai
dién hinh.

Tinh chit cdc Halogen ciing nhu hdp chat clia chiing gidng nhau nhiéu va bién
ddi kha déu din trong nhém (riéng giita F, va Cl, hoi khac nhau nhiéu).

Trong hdp chit véi hiu hét cdc nguyén t6, Halogen c6 mic oxy héa -1. F
khong c6 muc oxy héa dudng, cac halogen khdc c6 mitc oxy héa duong +1, +3, +5,
+7 trong cdc hgp chat véi nhitng nguyén t6 Am dién hon nhu F, O, N

- Tr Clor trd xudng, cac Halogen c6 thé dung Orbital d d€ tao nén nhiéu phan
t& ma 16p ngoai cling c6 hon 8e

VD : 1 ¢6 thé cho nhitng hdp chat IFs, IF;

IL PON CHAT

O ¢4 3 trang thdi, cic Halogen déu gdm nhitng phan ti 2 nguyén tir

Célu hinh X2 1 (6, (00, (02, (™), (™%, ()7, (),
X-X

Trong cdc phan tif Cly, Bra, I, ngoai lién k&t o con c6 mot phin clia lién két n

tao nén bdi sy che phi cta cdc Orbital d(F, khong ¢6 khd ning nay nén
Er.r bé hon Cl) tir Cl, dén I, Ei giam dan khi d tdng 1€n.

1. Tinh chat:
a. Ly tinh
O diéu kién thudng, Flo 1a chat khi mau luc sdng, Clo 1a chit khia mau vang

luc, Brom la chit 16ng mau niu dd, Iod 12 chit rin mau tim d3 va 4anh kim, At c6
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dang kim loai. C4c halogen c6 mui hic khé ngti, rdt doc, nguy hi€m cho bd may
hd hap khi hit phdi mot lugng hoi clia chiing.

D6 bén nhiét clia cdc halogen bién d6i phit hdp véi chiéu bién d6i clia Ey:F,
b4t ddu phan hiy thanh nguyén t& & 450°C, Cl, & 800°C, Br, & 600°C va I, & 400°C.

TOrlC va TOS ctia cdc halogen tang tir F, dén L.

Céac halogen it tan trong nudc. J didu kién thudng, 1 lit nuGc hoa tan dugc
2,5lit Clo, hay 35g Brom hay 0,2g iod. Véi Flo thi khong thé n6i d€n sy tan trong
nude vi khi ti€p xidc vi nudc & nhiét do thudng Flo phan hly nudc tao thanh axit
HF va cho khi O, bay ra

2F, + 2H,0 = 4HF + O

Vi phan tif khdng cuc nén cic halogen (trit F») déu tan nhiéu trong cdc dung
moi hitu ¢cd nhu rugu, benzen, CCly, CS,...

Iod tan nhiéu trong dung dich iodua do sy tao thanh ion phifc Tri-iodua

r + D = I3

Iod rén c6 4p suit héi rdt 16n nén & nhiét do thudng né bay hoi ro rét va khi
dun néng nhanh né thang hoa ma khéng néng chay. Hdi iod c6 mau tim va khi dugc
1am lanh thi héa rin.

Trong dung dich tinh bot lodng, iod cho mau lam thAm, mau ndy bi€n mat khi
dun néng va trd lai khi d€ nguoi.

b. Hoa tinh:

Tinh chit héa hoc dién hinh ciia cdc halogen 13 tinh oxy héa rit manh. Tinh
chat nay gidm dan tir F, d&€n At phit hgp v6i chiéu gidm dd 4m dién va thé dién cuc
chuin ctia halogen (Flor tuy c6 4i luc e bé hon Clor nhung do c¢é ning lugng lién
k&t nhé hon va ning lugng Hydrat héa 16n hon nén van hoat dong hon Clor).

Pé€ thay ro hoat tinh héa hoc cia cdc halogen gidm tir Flo dén iod, ta hiy xét
vai phdn tng dién hinh:

- F, ¢6 thé tic dung v6i hau hét cdc nguyén t& trir O, va N.

- Cl, tdc dung véi hau hét nguyén to trir O, N, C, Ir

- Br, tdc dung véi cdc nguyén td gidong Cl, nhung cdc phdn tng xdy ra kém
manh liét hon.

- I, tdc dung truc ti€p vdi mot s6 nguyén td it hon.

+ V6i cling modt nguyén t&, phdn ng clia cdc halogen x4y ra theo mot mitc do

minh liét gidm dan tir F, dén L.

VD: Véi H,
* Flo cho phan ng né v&i hydro ngay trong béng t&i va & nhiét @6 rat thap khi

Flo con & thé rin vao Hydro & thé 16ng
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F, + H; = 2HF AH = - 64Kcal/ptg
* Clo chi cho phan ng né v6i Hydro khi dit ra ngoai anh sing chéi ciia Mit
trdi hay dung lira dé dot
CL + H, - 2HCI AH = - 22Kcal/ptg
Phén ng nay 13 phdn ng diy chuyén dién hinh, diu tién do su hap thu ning
lugng tir 4nh sdng hodc do d6t néng, phan t& Cl, phan ly thanh nguyén t¥, sau d6
mdi nguyén tif Clo cho phan tng diy chuyén theo cd ché& gdc tu do.

Cl, + hv = 2Cl

Cl. + H = HCI + H.
H + Cl = HCI + CL
Cl. + H; = HCI + H.

* Brom hoat dong kém Clo, phdi d6t néng thi phdn ng méi c6 toc do thay
dugc.
B, + H» L 2HBr AH = - 8,65 Kcal/ptg
* jod hoat dong con kém hon nita, phdi d6t néng manh méi c6 phdn ng thuin
nghich va thu nhiét
L o+ H o™ AH=291 Kcallptg
+ Mot halogen hoat dong cé thé tic dung v6i mudi halogen gidi phong ra
halogen ké m hoat dong hon.
* Khi Flo kho c6 thé ddy Clo ra khdi mudi Clorua.
* Trong dung dich, Clo d4y Brom ra khdi Bromua, lod ra khdi iodua.

* Brom d4y duoc Iod ra khdi iodua.

Cl, + 2NaBr = Br, + 2NaCl
Br, + 2Nal = I2 + 2NaBr
+ Khi tan trong nudc, halogen tac dung v4i nuGe
2F, + 2H,0 = 4H'+ 4F + O

D&i véi Clo va Brom, qud trinh oxy héa nudc gidi phéng oxy c6 thé x3y ra vé
mit nhiét dong hoc nhung doi hdi nhitng ning lugng hoat héa cao nén phan tng
xay ra theo huéng khéc:

(1) X» + HO < H;O" + X + HOX (X=Cl,Br,F)

2) 3X, + 3H,0 < SHX + HXO;

Tir Clo dén Flo, can bing chuyén dich vé tri, ta c6 cdc hiing s& cin bing 1an
lugt nhu sau : Cl, : 4,2.10-4 ; Br, : 7,2.10-9, F, : 2.10-13

- Tac dung v@i kim loai: VGi nhitng kim loai ¢6 tinh duong di€én manh nhu Na,

K, Mg...halogen c6 thé cho phdn ng ngay & nhiét @6 thudng. Halogen tic dung vdi
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nhitng kim loai ¢6 nhiéu mifc oxy héa cho cdc halogenua kim loai ng vdi s6 oxy
héa cao nhat.
3CLb+ 2Fe = 2FeCl;
Cl + Cu = CuClh
Cic halogenua kim loai hay kim loai c6 thé chuyén tir mic oxy héa thip d&n
muc oxy hda cao hon khi bi oxy héa bdi nhitng halogen tudng dng.
172Cl, + FeCl, = FeCl;
PX3 + Xp = PX5(tru Fy)
+ Tinh khi¥: Khong thé hién d6i v6i Flo va Clo nhung ting 1én tif Brom dén At
khi tdc dung vé6i nhitng chit oxy héa manh

5C12 + Br, + 6H20 = 2HB1‘03 + 10HCI1
Cl, + b = 2ICI(ICl; néu du Cly).
SHOCI + 2At+ H;0O = 2HAtO; + S5HCI

2. Trang thdi tu nhién:

LA nhitng nguyén t& hoat ddong nén cic halogen khong ton tai & trang thai tu
do ma chi tim thdy & dang hgp chat, thudng la nhitng halogen kim loai manh (Na,
K, Ca, Mg...)

Ham lugng Cl = F = 0,02%, Br=3.10"%, 1= 4.10°% tng s6 nguyén td.

- Flo c6 trong khodang vat Florit (CaF,).

trong quang Flo - Apatit Cas(PO4);F
trong qudng Cyolit Nas[AlFe]
trong xuong va men rang

- Clo ¢6 nhiéu nha't trong NaCl, nudc bién chita trung binh 3%NaCl

1m’ nuéc bién chita 18,2Kg NaCl
trong MgCl, (ciing trong nudc bién)
trong khodng vat Sylvinit KCI1.NaCl, Carncelit KCIMgCl,6H,0O

- Brom va iod: 8 dang mudi tuong ty nhu Clo (NaBr, KBr, MgBr,) thudng di
theo cdc hgp chit tuong ing cda Clo nhung vdi lugng it hon nhiéu (1m® nu6c bién
chita 70g Brom va 2,3g iod). iod c¢6 dugi dang iodat va rong bién.

3. Ung dung:
- Flo dugc diing d€ Flo héa cidc Hydro carbon tao thanh nhitng hdp chit c6 tinh
chi't dic biét nhu chit 1am lanh thugng hang Freon (CCL,F,), ddu nhdn d€ boi tron
m4y va nhiéu chi't déo thugng hang nhu Teflon...

- Clo 12 nguyén t& c6 nhiéu tng dung quan trong trong thuc t& nhat:
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+ Lam tring moi thit sgi Cellulose, khong dung cho lua, len vi tinh oxy héa
qud manh cia né lam hdong cdc thd sgi dong vat

+ DPiéu ch€ Clorua tiy mau nhu nudc Javel, Clorua voi, tong hdp HCI, diing dé
diét tring nudc udng (0,002g Cl/lit).

- Clo 12 mot chat ddc, nhiéu hop chat clia né con ddc gip bdi nén hién nay
diing d€ san xuit thudc trir siu nhu CgHyCls, DDT (dicloro diphenyl tricloetan).

- Duing d€ diéu ch& mot s6 dung moi quan trong nhu CCly, CoH,Cly.

- Brom:

+ Dung trong k§ nghé dién 4nh, phim 4nh, gidy 4nh.

+ Duing 1am dugc pham, NaBr 1a thuSc an than.

- iod 1a chat khit tring t6t nhat d6i v4i vEt thuong, thudng dung dudi dang rugu

iod, vira diét triing vira kich thich cac moé phat trién lam cho vét thuong mau lanh.

4. Diéu ché:
Phuong phdp diing dé diéu ché cdc halogen 12 dua trén phdn tng oxy héa cic
halogenua.
X - e = X
2X = X
- Flo 1a ch4t oxy héa manh nhit nén khong cé chit nao oxy héa dugc F.
Phuong phdp duy nhit la oxy héa F bing dién phin, n6 oxy héa manh liét & anot
gidi phéng F2. ngudi ta dién phan KHF” néng chiy hay dung dich KHF?* trong HF
16ng.
- Clo : oxy hoéa cédc Clorua
+ Trong phong thi nghiém: dung chat oxy héa manh nhu MnO;, KMnQOy,
CaOCl,...d€ oxy héa HCI.

0

4HCI + MnO, S MnClL, + 2H,0 +CLT
That ra c6 nhitng phan ng ndi ti€p nhau :
4HCI + MnO, = MnCl; + 2H,O
MnCl4 = MnCls; + 1/2Cl,
MnCl; = MnCl, + 1/2Cl,
Chinh MnCl; 1am cho dung dich c6 mau niau sim
2HCI + CaOCl, = CaCl, + H)0O + Cb

+ Trong cdng nghiép : dién phan dung dich NaCl hay NaCl néng chdy vdi binh

dién phan c¢6 mang ngin 2 dién cuc, anot bing than chi, catot biang sit
Anod: 2CI - 2e = Cl,
Catod: 2H,O + 2¢e = 20H + H
San pham chinh thu dugc 13 NaOH.
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- Brom va iod : diéu ché tugng tu nhu Clo
2NaX + MnO, + H,SO, = X, + MnSO, + Na,SO, + 2H,0O
+ Trong néng nghiép : ding mot lugng Clo vira dd dé oxy héa Br trong nudc

c4i rudng mudi, nude cdi mé KCI.

Cl, + 2NaBr = 2NaC(Cl + Bn
Hay oxy héa I trong tro tdo, nudc gi€ng dau.
Cl, + 2Nal = 2NaCl + b
Hay dung NaHSO; khit iodat theo 2 giai doan
NalO; + 3NaHSOs; = 3NaHSO, + Nal

6NaHSO, + 5Nal +NaIO3 = 6Na,SO,4 + 3H,0 + 31,

IIL. HOP CHAT

1. Hydro Halogenua :
Céc hydro halogenua c6 cong thitc chung 1a HX, trong dung dich ching cé tinh

axit, mudi clia chiing c¢6 cong thitc chung 1a MX.
a. Ly tinh
- & diéu kién binh thudng ching 1a nhitng chat khi khong mau, ¢6 mui x5¢ khé

ngti va doc.

Mot s& dic diém cia HX :

HF HCL | HBr | HI
AHtt (Kcal/ptg) -64,26 | -22,08 | -8,60 | +6,22
AGtt (Kcal/ptg) -64,59 | -22,75 | -12,8 | 0,31
dy-na (Kcal/ptg) 0,92 1,28 | 1,41 | 1,60
Enna (Kcal/ptg) 135,1 | 103,1 | 87,08 | 71,05
Momen luéng cuc (D) 7 1 0,82 | 0,38
% ion cta lién két 1,91 1,08 12 5
T (°C) 43 17 | -88 | -51
T% (°C) 83 | -114 | -68 | -36
Do hoa tan & 10°C (mol/l) 19,5 -85 15 12
Do dién ly a cia dung dich vO 14 0,935 | 0,950
0,1M han 0,926

0,090
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+ Trong day HF - HCI - HBr - HI, do dai lién két ting (r ting), ning lugng lién
k&t gidm nén dd bén nhiét clia phin tir gidm xudng manh. HF chi phin hiy ro rét
thanh don chdt & >3500°C, trong khi & 1000°C d6 phan hiiy cia HCI 1a 0,014%, cla
HBr 1a 0,5% va HI 1a 33%.

- Tit HCI d&n HI, T’ va T’ ting 1én din theo chiéu ting ciia khdi lugng phan
tir. Riéng HF ¢6 T’ va T% cao bt thudng do sy tring hgp manh giita cdc phan ti
(HF)4 & 20°C, 2 phan ti (HF), & 30°C, d&€n 90°C thi tn tai & trang thai don phan ti.

To T To

b. Hba tinh

Hai tinh ch4't héa hoc chii yé&u Ia tinh acid ctia dung dich va tinh khtt

- Tinh acid ctia dung dich :

O thé hay 18ng cdc hydro halogenua khong thé hién tinh acid (HCI nguyén
chi't § thé 16ng khong din dién, khong dn mon kim loai... khd ning tv ion héa cla
ching § trang thdi 16ng khong 16n). Dung dich nuéc cla cdc hydro halogenua la
nhitng acid va dugc goi la acid halogenhydric. Dung dich HCI, HBr, HI 1a nhitng
acid manh nhat, riéng HF 1a acid y€u vi ngoai qud trinh phan ly kém cida HF do

ning luong lién k€t 16n con ¢6 thém modt qué trinh tao ion phitc cia F véi HF thanh

Florohydrogenat HF,
HF + H0 © H;0* + F K=7.10"
F + HF > HF, K=5

Vi mot phan cdc phan t HF lién két thanh ion phitc [HF,] nén ham lugng
tuong ddi ctia H;0" khong ddng k€ ;do d6 dung dich HF chi c6 dd manh acid trung
binh. Ciing vi vy ma khi trung hoa cac dung dich HF s€ khong thu dudc Florua ma
1a nhitng Florohydrogenat kiéu K[HF,], K[H,Fs], K[HsF.], K[H4Fs]. ion hydrogenat
Polymer c6 dang ziczac, chiing dugc tao thanh nhd lién k&t hydro.

Pic diém cta acid Flohydric 13 tic dung dugc vdi SiO».

4HF +Si0, = SiFT +2H,0 (NasSiOs + 6HF = 2NaF + SiF, + 3H,0)

2HF + SiF, = H,SiFs tan trong nudc

Khong chia HF trong binh thdy tinh ma phai ding binh nhya. HF 1a acid déc,
khi rdi vao da n6 gay vét loét khé lanh.

Khi di tr HF dé&n HI, tinh acid ctia dung dich ting Ién do khodng cédch gitta 2
hat nhin clia 2 nguyén tt H vd X ting 1én, Ey . x gidm nén phan tif cang d& bi ion
hoa.

Céc dung dich HX tdc dung vdi kim loai ding truc H d€ tao thanh halogenua

kim loai tng v4i mifc oxy héa thap clia kim loai
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2HCI + Fe = FCC]Q + H,
Vi cdc oxyt va hydroxyt kim loai, phdn tng xay ra dé dang hon véi kim loai
2HCI + CuO = CuClz + HzO

2HCI + Ca(OH),= CaCl, + 2H;O

- Tinh khit : Trir HF, céc hydrohalogenua khdc déu thé hién tinh khit. Tinh khir
ting din tir HF dé&n HI theo dd kém bén cda lién k&t H - X, vi d6 sai biét ning
lugng ctia 2 Orbital 1s ctia H va np cla X ting dan tir F d€n I — kh3 ning nhudng
dién tif cia X ting dan tir F dén L.

+ HF khong thé hién tinh khi.

+ HCI ¢6 tinh khtt y&u, chi thé hién khi tdc dung vdi chit oxy héa manh nhu
MnO,, KMnOy, KCIO; ...

+ N&u bd ngoai 4nh sdng va khong khi thi dung dich HCI khong bi bién ddi,
dung dich HBr bi oxy héa chim, vang din, dung dich HI bi phdn hiily nhanh hon

4HI  + O = 2H,0 + 2Ll
+ Doi v6i H,SO4 dic thi
HCI khong khit duge H,SO4
HBr khtr dugc H,SO4 vé SO,
2HBr + H,SO4 = Bn, + SO, + 2H.0
HI khtt H,SO4 d&€n H,S
S8HI + H,SOs =4I + H,S + 4H,0

c. Ung dung

- HCI : Dung d€ diéu ch€ Vinyl clorua tir Axetylen, cdc mudi clorua kim loai,
dugc pham, phaAm nhudm.

- HF : D€ diéu ch& Cryolit nhan tao (K3AlFg), ding d€ sian xuit ween, khic
thiy tinh.

d. Piéu ché&

- Phuong phdp tdng hdp: phuong phap nay dua vao 4i luc 16n clia cic halogen
vdi hydro :

H, + X3 = 2HX

Phuong phidp 1a phuong phdp s6 1 d€ diéu ch€ HCI hién nay trén thé gidi.
Trong tdng hop HCI, ngudi ta ding Cl, va H; 13 sdn phdm phu clia qua trinh dién
phan dung dich NaCl khi sdn xuadt NaOH. Cho Clo di vao giita ngon Iita ctia hydro.
Hon hop chdy, nhiét do 1én dén 2300°C tao ra khi HCI, sau d6 lam ngudi va cho tan
trong nuéc nguyén chat sé thu dudc acid rat tinh khiét.
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- Tac dung ctia mot acid khé bay hoi trén mdt halogenua kim loai: phuong
phdp nay dua vao tinh d€ bay hoi clia cdc halogenua.
MX + HA = HXT + MA
Trong cdng nghiép, ngudi ta ding H,SO4 dic néng dé diéu ché HF va HCl
* Poi véi HF: Pay 1a phuong phdp duy nhi't d€ diéu ché né di tir CaF,
CaF,  + H:50, P2C 2HFT  +  CasoO,
* P61 véi HCI : Pay 1a phuong phép lac hau, di tir NaCl
NaCl +  H,50, %€ Nays04 + 2HCIT
Tuy nhién trong phong thi nghiém, diy la phudng phép tién 1gi hon ca
NaCl  + H,S0, 2%C NaHSO,+ HCIT
Khong thé ding H,SO4(d) d€ diéu ché HBr va HI vi H,SO,4 dic néng 1a chat
oxy h6éa manh s€ oxy héa HBr va HI cho ra Br; va L.
* Piéu ché HBr, HI : Dung H3;PO4 1a mét acid khé bay hoi va khdong c6 tinh
oxy hoda.
NaBr + HPO, = HBrT + NaH,PO,
Nal + HPO, = HIT  + NaH,PO,
- Thiy phan cdc Photpho halogenua: cdc Photpho halogenua 1a nhirng

halogenua khong kim loai, khong bén, khi ti€p xtic vdi nu6c bi thiy phan hoan toan

thanh hydro halogenua.
PBr; + 3H,0 = 3HBrT + H;PO;
PBrs+ 4H,0 = 5HBrT + H5PO,

Phuong phdp nay thudng dung d€ diéu ché HBr va HI. Trong thuc t& ngudi ta
khong di tir Photpho halogenua ma cho 3 thi halogen, photpho d6 va nugc tic dung
tryc ti€p vdi nhau.

- T4c dung ctia halogen v6i hgp chit chita hydro : Phuong phdp nay dwa vao 4i
luc cia halogen véi hydro.

X + RH = RX + HX

Hay X2 + RH; = R + 2HX

Phuong phép nay thich hgp dé€ diéu ch&é HBr va HI, nhat 1a HI bing cdch cho
mot ludng khi H,S di qua nuéc iod:

L + HS = s + 2HI

Nudc Brom c6 tinh oxy héa manh hon nudc Iod nén cé thé oxy héa H,S thanh
nhitng sdn phdm chifa S c¢6 mic oxy héa cao hon.

Br, + HS = si + 2HBr

Hay 3Br; + H,S = SO, + O6HBr

Vi nuée Clo, ta cé:
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Cl, + HS = Si + 2HCI
3ClL, + H,S+ 2H, 0O = SO, + 6HCI
4C12 + HQS + 4H20 = HQSO4 + 8HC1

2. Cdc hop chat véi OXY:

a. C4c oxy acid cua halogen:

X*'-OH 0« X" O « X}’ -OH O<—XI”—OH
OH
O O
Axcid Axcid Axcid Axcid
hypohalogenno halogenno halogennic Perhalogennic
(HXO) (HXO») (HXO3) (HXOy)

Trong d6 day oxy acid ctia Clo 1a phong phd va quan trong hon ca.
Theo thit tu ting din s& nguyén ti oxy thi d manh cla acid ting 1&én, d6 bén

ting 1én va kha ning oxy hda gidm xudng.

a.1 Cac oxyt acid cua Clo:
> Tinh chit chung:

Ngoai tinh acid, ching déu c6 tinh oxy héa manh. Mudi clia chiing bén hon

acid nén trong cdng nghiép thudng diéu ch& nhitng mudi d€ lam chit oxy héa
manbh.

- Acid Hypoclord va mudi Hypoclorit.

o
/\Og(\
H H
La mot acid khong bén, chi dugc biét trong dung dich lodng; ngay trong dung

dich loAng n6 ciing tv phan héa dian theo 3 huéng khéc nhau:

HCIO = HCI + O (1)
2HCIO = HO + CILO (2)
3HCIO = 2HCI + HCIO; (3)

toc do twong ddi clia cdc phdn tng phu thudc vao diéu kién clia thi nghiém va
thay ddi diéu kién ta c6 thé phan héa theo mdt huéng:

(1) Dién ra khi ¢6 4nh sdng mit trdi tdc dung truc ti€p hay c6é nhitng chat thu
dé dang oxy hay c6 vai chat xtic tdc nhat dinh nhu mudi Co...

(2) Dién ra khi c6 chat hdo nudc nhu CaCl,.
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(3) Dién ra khi dun néng dung dich.
Thudng gip nhat la (1) — HCIO c6 tinh oxy héa mianh liét, oxy héa & nhiét do
thudng trong moi trudng, dwa chi't phdn tng d€n mitc oxy héa tdi da

2HCIO + 2 + 2H <& Clh+ 2H,O0 ; ¢o = 1,53V
4HCIO + PbS = 4HCI + PbSOq4
+La mot acid rat y&u
HCIO + H)O = H;0" + ClO Ka =
2,5.10°"

Ngay ca acid carbonic ciing ¢4y né ra khdi mudi Hypocloric
NaClO + CO, + H;O= NaHCO;+ HCIO
+ Diéu ch&: Cho mudi Hypocloric tdc dung vdi acid lodng.
NaClO + HCI = NaCl + HCIO
Mudi hypoclorit bén hon HCIO nhung kh3 niing oxy hda ciing tuong tu. Trong
dung dich, hypoclorit c6 thé oxy héa M**Ni**, CO** va Fe’* thanh hydroxyt kim
loai c6 mitc oxy héa cao hon, NH;—N2, H,0,—H,0 + O,, Br,—»>BrO;3, [,—>105
NaClIO + 2NH; = N; + 3NaCl + 3H)0O
NaClO + H;0; = H)O + O + Na(Cl
- Nudc Javel: La dung dich nu6c cia NaCl va NaClO dudgc tao nén khi dién
phan dung dich NaCl loang (15 - 20%) trong binh di€n phan khong c6 mang ngian 2
cuc:
Cl, + 2NaOH = NaClO + NaCl + HO
Nudc Javel 1a chdt 16ng khdng mau, mui clo, ¢6 tinh oxy héa minh liét trong
moi mdi trudng. Pugc diing 1am chi't tdy mau, khit doc, chdt oxy héa manh.
Mudi NaClO bi nhiét phan d& dang, dun néng 1én 70°C, né chuyén thanh mudi
clorat va clorua.
3NaClo "€C NaClo;  +  2NaCl
(co s6 clia phuong phap diéu ché mudi clorat)
- Calci Hypoclorit Ca(ClO), : Cho khi Clo tic dung véi voi toi khd w6t & 30°C
2Clb+ 2Ca(OH), = 30a(ClO), + CaCl, + 2H,O
Ca(ClO), c6 tinh chat tuong tu nhu NaClO. Vi sy diéu ché né khdng dugc kinh
t&€ nén trong cdng nghiép chi diéu ch€ mdt pham vat gin tuong ty 1a Clorua voi.
- Clorua vo6i (CaOCly) : La mdt mudi hdn hop ciia 2 acid CI' va ClO", dudc diéu
ch€ bing cdch cho khi Clo di qua trén mit mot 16p voi t6i kho va roi.
Cl, + Ca(OH), = CaOCl, + H,0
(kho)
La mot chdt bot mau tring c6 tinh oxy héa manh, trong khong khi bi phan hiiy

dan.
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2CaCIOCl + CO, = CaCl, + CaCOs3; + CIO
N6 dugc duing 1am chA't sinh ra oxy hay clo.
2Ca0OCl, = 2CaCl, + O
CaCICIO + 2HCI = CaCl, + CL + HO

Clorua voi 1a chat tAiy mau rat tot, dung d€ tdy ué, tdy tring bot gidy, cic sgi
Cellulose, 1a chat khit doc vi né c6 khd niing phdn tng vé6i cdc chit hitu co.

- Acid clord va mudi clorit:

+ Acid clord: bén hon HCIO nhung vin con khong bén nén c¢6 tinh oxy héa
manh. HCIO, manh hon HCIO nhung vin con y&u (Ka = 5.10”) nén mudi clorit bi
thiy phan con manh.

Trong dung dich HCIO; phan hily theo phdn Gng:

4HCIO, = 2CIO, + HCIO; + HCI+ H;O
+ Diéu ch& : Cho mudi Bari clorit tic dung vdi H,SO4 lodng.
Ba(ClO,); + H,SO, = BaSO4 + 2HCIO,

+ Mudi clorit : B&n hon acid clord va ¢6 tinh oxy héa tuong ty. Khi dun néng

c6 phan tng tw oxy héa, tu khi bi€n thanh clorat va clorua(dap manh nd).
3NaClO, = 2NaClOs+ NaCl

Cic clorit khdc v6i hypoclorit 13 chi thé hién tinh oxy héa trong mdi trudng
acid.

Trong cong nghiép, mudi clorit duge diing 1am chat tAy mau. Natri clorit ¢6 thé
dudc diéu ché bing tic dung clia C1O, v6i NayO,.

2CI10; + Na,O, = 2NaClO+ O,

- Acid Cloric va mudi Clorat:

+ Acid Cloric: Bén hon acid Cloro nhung vin khong ton tai dudc & trang thai tu
do. Dung dich ddm dic chita t6i da 40% HCIOs, né€u dic hon thi c¢6 su phan héa:

4HCIO; = 4Cl10, + 2H,O0O + O

C¢6 tinh oxy héa manh nhung kém manh liét hon HCIO,, trong dung dich
HCIO3 40% 1am bung chdy cdc chdt chdy dugc nhu gidy, rudu...
2HCIO; + 10H" + 10e= Cl, + 6H,0 E’=+147V

HCIOs 1a mdt acid manh (twong dudng véi acid clohydric), hdn hdp cla né véi
HCI 12 mdt chit oxy héa manh kiéu cudng thiy

+ Diéu ché: bing phin ting trao ddi

Ba(ClO;), + H,SO4)= BaSO4 + 2HCIO;

+ Mudi clorat : bén hon acid cloric, c6 tinh oxy héa manh. Khi dun néng cic

clorat ¢6 phan tng tu oxy héa tu khi:
4KCl0O3 ﬁ 3KClO4 + KC1
Khi ¢6 mat xtc tac thi phan huy giai phdng oxy
MnO,

0
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2KCl1O3 = 2KCl + 30,

Trong cdc mudi clorat thi KCIO; 12 quan trong nhat, dugc ding lam diém,
thudc nd, thudc diét cd...
KCIO; dugc diéu ché bing cich cho khi Cl, di qua dung dich KOH dic va
nong.
Cl, + 2KOH = KCl + KCIO + HO
3kclo 7€C 2Kkal + KCIO;
(KClOs it tan trong nuSc lanh nén c6 thé tich ra bing cach k&t tinh 1am lanh).
- Acid pecloric va mudi peclorat:
+ Acid pecloric : Cha't 16ng khong mau, bSc khéi trong khong khi (T%,.=-102°C,
TOS = 1100C), khan thi it bén cé thé nd, con trong dung dich thi ¢6 su ion h6a nén rat
bén.
H,O..HCIO; «<» H;0" + ClO4
La mdt chat oxy héa nhung mitc @6 oxy héa kém hon HCIO; nhiéu, kh3 ning
oxy héa phu thudc nhiéu vao ndng do. HClO, khan 1am bdc chdy nhi€u cha' hitu co
(gidy, gb...) nhung dung dich HCIO4 < 70% thi khong con khd ning oxy héa cic
chat hitu c¢d dudc nita, khong tic dung vdéi chat khit manh nhu HI, H,S, SO, va H
mdi sinh.
(4HC10y4 — 4Cl0, + 30+ 2H,0 nd)
Trong dung dich, HCIOy 12 acid manh nhat trong tit cd cdc acid.
* Piéu ch€ bing cdch cho mudi peclorat tic dung véi HSO4 dic, du, néng, &
70°C va 4p suit thap (70mmHg)
KClOs + H,SO4 = KHSO, + HCIO4
+ Mudi peclorat: Bén hon acid pecloric, c6 tinh oxy héa tuong tv HCIO,. khi
dun néng thi phian huy ra oxy:
KCIO, € Ka o+ 20,, H>0
Su nhiét phan khé hon so véi Clorat vi 1a phdn @ng thu nhiét, con clorat 1a
phan ng phdt nhiét, do d6 thudc nd ch& véi peclorat it nguy hi€m hon thudc nd
ché véi clorat va dugc ding rong rii hon.
Cong nghiép sin xuit mot s6 mudi peclorat nhu KClO,, NH4ClO, d€ tng dung
tinh oxy héa clia ching, khi & thé rin thi phdi dun néng, trong dung dich phai co

moi trudng acid. KC1O4 dugc diéu ché bing cdch dién phan dung dich KCIO; hay

dét néng KCl1Os.
Anod: ClO; + H, 0+ 2¢e Cl0Os + 2H'

=l

4KClO3 3KClO4 + KCI

- Nhdn xét chung vé cdc oxy acid ciia Clo:
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* P bén clia cdc dy acid ting 1én :
+ HCIO chi ton tai trong dung dich lodng.
+ HCIO; trong dung dich < 40%.
+ HCIO4 & dang tinh khiét.
Chiéu bi€n d6i @6 phit hop véi chiéu ting d6 bén clia cic ion ClO", ClO,
ClOs’, ClO4 . Piéu nay gidi thich nhu sau: s§ e tham gia tao thanh lién két 6 va «
ting 1&én khi di tir CI" d&n ClO, , ClO4 dic biét bén vi trong ion ndy ti't ci cic

Orbital héa tri cia Clo déu tham gia tao thanh lién két.

- (O, »,0Y - (0, L0 - _ O -
Dang thing Dang g6c Dang khdi Dang tr di€n
thap

Vai trd clia lién k&t ( thé hién trong sy thay ddi do boi trung binh cla lién két
Cl - O (trong ClIO’, BPBLK =1, con trong ClO4 , BPBLK = 1,5). Sy ting do boi lién
két 1am ting nidng lugng lién k&t trung binh, 1am gidm khodng cdch gifta cdc hat

nhin va ting hiing s6 luc.

Anion (6(0) ClI0O;, ClO53 Cl0y
dai-o (A% 1,70 1,64 1,57 1,45
eca-o (Kl/ptg) 209,0 2445 2456  265,5
0 - 110°  106° 10928

+ Hoat tinh oxy héa gidm xudng do su ting dd bén trong diy.

* Céc hypoclorit tham gia vao phdn @ng oxy héa khit trong moi méi trudng

NaClO + 2KI+ HO = NaCl + I, + 2KOH

* Cac dung dich Clorat chi oxy héa dugc trong moi trudng acid manh

NaClO; + KI + H,SO, = NaCl + 3, + 2K;SOs + 3H,O

* Kh4 niing oxy héa ctia C104- trong dung dich thuc t€ khong bi€u hién

NaClOq4 + KI + H,SO,: khong x4y ra

* PO manh cla acid ting 1én: diéu ndy dudc gidi thich 13 trong diy ClO", ClO,
, ClO3, ClO4, s6 nguyén tif oxy khi cang ting thi d6 bén cda lién két O-H trong
phan tif cang y&u di do mit dod e bi kéo vé phia lién két CI - O 1am cho H dé dang
tach khdi phan ti nén tinh acid trng day ting 1&n.

* HCIO 1 acid rit y&u, y&u hon c4 acid carbonic (Ka = 10).

* HC1O; 1a acid manh trung binh (Ka = 5.10° )

* HC1O3 1a acid manh tuong duong HC1, HNOs.

* HC1O4 12 acid manh nhat.
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CHUONG IX : ) )
PAI CUONG VE NGUYEN TO CHUYEN TIEP

L.CAU TAO NGUYEN TU VA VI TRi CAC NGUYEN TO

Cac nguyén td chuyén ti€p bao gdm nhitng nguyén t6 ho d va ho f.

Céc nguyén t6 chuyén ti€p ho d gdm nhitng nguyén t& c¢6 2 16p e bén ngoai
chua ddy dd 12 ns va (n-1)d, trong d6 phan 16p (n-1)d Gng voi cdu hinh (n-1)d""°.
Chiing gdbm 4 nhém chia 1am 3 day.

Céc nguyén t6 ho f (thudc ho lantan va actini) ¢6 ba 16p e bén ngoai chua day
du, trong d6 c¢6 phan 16p (n-2)f. Nhin chung, nguyén tif clia cdc nguyén t6 ndy c6
ciu hinh e ho4 tri 1a: (n-2)f'"*(n-1)d" hay ’ns”.

Chiing gdm 14 nguyén t& ho Lantan va 14 nguyén t6 ho Actini: Cu, Ag, Au,
Zn, Cd, Hg c6 nhiéu tinh chit giong nguyén td chuyén ti€p nén dugc x&p vao loai
cic nguyén t6 chuyén ti€p. Vay ta c¢6 thé dinh nghia mot cdch tong quét theo qui
udc:

"Nguyén t& chuyén ti€p 12 nhitng nguyén td c6 phan 16p (n-1)d hay (n-2)f chua
diy dd e dudi bat ¢ trang thdi oxy hod nao clia nguyén t& Ay".

Nguyén ti clia cdc nguyén td Ig. Il cdc 16p d di dién dd e nhung & cdc trang
th4i oxy hod +2, +3 chiing c6 phan 16p d chua day dd e.

VvD:  Cu®:3d’ Ag” 4d’ Au’t 5d

- Cdc nguyén t6 chuyén ti€p ho d gdm 8 nhém, chia 1am 3 diy

Day I Se Ti \" Cr Mn | Fe Co Ni Cu Zn
y4 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 29 30
CAu hinh e | 3d'4 | 3d%4 | 3d°4 | 3d°4 | 3d°4 | 3d°4 | 3d’4 | 3d%4s | 3d'% | 3d'%4
hoa tri $2 s? s2 s' s2 s? s? 2 s! s?
Day II Y | Zr | Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd
y4 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 48
Cau hinh e | 4d'5 | 4d%5 | 4d*5 | 4d°5 | 4d% | 4d’5 | 4d°5 | 4d'%5 | 4d'%5 | 4d'%5
ho4 tri §2 s s! s! s! s! s! g s! s2
Day III La Hf Ta A\ Re Cs Ir Pt Au Hg
y4 57 | 72| 73 | 74 | 75 | 76 | 71 | 78 79 80
C&u hinh e | 5d'6 | 5d% | 5d%6 | 5d% | 5d°6 | 5d° | 5d’6 | 5d%6s | 5d'°6 | 5d'%
hoa tri s s $2 s $2 s $2 ! s! $2
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- Céac nguyén t& chuyén ti€p ho f thudc loai nguyén t& hi€m tic 1a cidc nguyén
t6 ¢6 chi s6 clark <102% (chi s6 clark 12 chi s6 % kh&i lugng nguyén ti trong v
qui dat) , phin tan trong ty nhién, it dugc nghién citu va st dung, khé diéu ché.

Ho Ce | Pr{Nd | Pm|Sm | E, | Gd|Tb | Dy | Ho | Er | Tm | Yb | Zu
Lanta | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65| 66 | 67 | 68 | 69 | 70 | 76
n AF7 | AP | Aft | 4P | Af° | 4Af | Af | 4f | 4F'0 | af'! | 4f'? | 4 | 45 | 45
7 5d° | 5% | 5d | 5°d | 5% | 5d" | 5'd 5% | 5% |5%|5%|5%] %9 | d
Ciu 65> | 65> | 65> | 65> | 65° | 65 | 65> | 65> | 65> | 65> | 65> | 65> | 65° | 65
hinh e

Hoa

tri

Ho Th | Pa| U | Np| Pu |Am |Cm | Bk | Cf | Es | Fm | Md | No Lr
Actini | 90 | 91 [ 92 | 93 | 94 | 95 | 96 | 97 | 98 | 99 | 100 | 101 | 102 | 103
7 sf' | 52 | 5P| sft | 5% | 5f7 | 5f | 5 | 5F10 | 5!t | 5F'2 | 5 | 5f'%6 | 56

Ciu | 6'd|6'd|6d|6d|6d|6d|6'd|6d]| 6d|6d]|e6d|6d| % | d
hinh e 782 | 7% | 782 | 7P| 787 | 7sP | 78T | 7st | 7sP | 7st | 7sP | 7sP | Ts? 7s*
Hoa

tri

IL. PAC TINH CHUNG
Nhu chiing ta di biét, tinh chat clia cdc nguyén td triude hét dugc xdc dinh bdi

céc e § 16p ngoai cing va ning lugng clia chiing voi hat nhan hay néi cdch khéc, s6
e & 16p ngoai cuing va ning lugng lién k&t gitta chiing voi hat nhan di quyé&t dinh
tinh chat hod tri cia nguyén to.

Céc nguyén td chuyén ti€p vi s& phan 16p (n-1)d chua dién di e nén giy ra

mdt sO tinh chit dic trung so voi cdc nguyén t& thudc phan nhém chinh.

1. Chiing 13 nhitng kim loai: (Vi s6 e hod tri ting 1én nhd cdc d nén luc lién

két trong tinh thé ciing ting 1én, do d6 cac kim loai chuyén ti€p thudng citng). Mit
khdc sy hién dién ctia nhiéu e hda tri cho phép ta gidi thich tinh din dién va din

.« A A P . . ~ A
nhiét tot cia cac kim loai chuyén tiép.

2. Su' ion hoa:
Vi cdc nguyén t& chuyén ti€p chi khdc nhau & s& e thém vao phu ting d nén

tinh chat clia cdc nguyén t§ d6 khdc nhau rat it.
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VD: Xét cdc nguyén t8 thudc chu ky 4. Khi di tt Sc d&€n Zn, kich thuGe cdc
nguyén td gidm dan, diéu nay kéo theo sy ting ning lugng ion hod nhung vi cic e
chi thém vao phu ting 3d nén ban kinh nguyén ti gidm rat it do d6 ning lugng ion
héa ting 1én ciing rat it.

Sau day 1a ning lugng cin thiét d€ tao thanh M?** ciia cdc nguyén t& chuyén
ti€p chu ky 4:

Ti A% Cr Mn Fe Co Ni Cu Zn
471 483 541 532 556 583 596 646 630,5

Cr va Cu c6 ning lugng ion hod cao mot cdch bat thudng, c6 1& do hiéu qua

clia sy pha v& trang thdi bdn bao hoa va bdo hoa & phu ting d ctia Cr va Cu

3.Cé nhiéu trang thai oxy ho4:

Trong nhém cidc nguyén t& chuyén ti€p, ngoai trir Sc, Y va La chi ¢c6 mot
trang th4i oxy ho4 +3, con cdc nguyén t& khic déu c6 it nhat 13 hai trang thdi oxy
hod, d6 1a do cdc e cda phan 16p (n-1)d ciing gép phan cliing voi e s dé tao thanh
céc trang thai oxy héa do.

Trang thai duong thip nhdt 13 ¢ng voi sy mat di 2e ns”. Cac trang thdi khéc

c6 thé canh tranh nhau 1 don vi tng voi sy mat di cic ed.

VD: Ru c6 6 trang thdi oxy hda la +2, +3, +4, +5, +6, +7
Ung véi trang thdi oxy héa cao thi tinh chit cia cic nguyén t& chuyén ti€p
gin giong voi nguyén td phan nhém chinh cling nhém, ngugc lai tng voi trang thai

oxy héa thap thi tinh chi't clia chiing khdc nhau nhiéu.

VD: CI' (VIIy) :  1s%2s2p°
Mn*'(VII) :  1s*2s%2p°3s*3p°
— C1,07, Mn,O5 : trang thdi 16ng & diéu kién thudng, kém bén, 13 anhydric
cua axit manh HC1O4, HMnOy.

crt!' © o 1s%2s%2p®3s%3p*
Mn*? o 1s725%2p®3s%3p%3d°
Mn?* con orbital (n-1)d — tinh chdt cia CI™! khdc tinh chat cia Mn>*
Cl,0 (k) : HCIO(axit)
MnO (tinh thé) :  Mn(OH)y(baz).

4. Tinh mang mau:

Kim loai chuyén ti€p va hdp chit cia ching thudng mang mau, diéu nay

cling do su hién dién cta céac ed
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Ta bi€t 4nh sdng tring mang tat cd cdc mau, mdi mau &ng voi mot ning
lugng xdc dinh. Khi 4nh sdng tring tic dung 1én mot nguyén tf, ning lugng cia
4nh sdng chi truyén dugc vao nguyén tif néu ning lugng nay bing diing ning lugng
can dé€ ed nhdy 1én mdt mic ning lugng cao hon. O cdc nguyén 6 chuyén tiép,
ning lugng cin d€ cic ed nhdy 1én mic cao hon biing diing ning lugng clia mot s&
mau trong 4nh sing kha ki€n. Do d6 khi 4nh sdng tring dugc chi€u 1én mot hop
chi't nguyén t& chuyén ti€p, mdt vai mau da bi hap thu do su kich thich clia cic ed
dé. Anh sdng con lai bay gid bi thi€u di mot s§ mau nén khong con tring nita ma
c6 mau phu ctia mau bi hap thu. P6 13 mau ciia kim loai chuyén ti€p hoic hop chat
ctia ching.

VD: Mot vai hdp chidt ctia Ni hap thu 4nh sdng d nén mau con lai 1a mau

xanh 14 cdy.

5. Tinh xiic tac:

Theo thuy&t hgp chat trung gian : "Khi ch't xic tdc tudng tdc vdi phitc chat tao
hgp chi't trung gian, hgp chi't nay khong bén nhanh chéng twong tic vdi phitc chat
kia tao thanh phic chit sin phim phin Gng con chdt xic tic giif nguyén thanh
phin".

So do:
K + A - K..A —-> KA
KA+ B —» KA.B > AB+ K
Khong bén
Céc nguyén td chuyén ti€p c6 kha ning hinh thanh nhiéu hgp chit @ng voi

céc trang thdi oxy h6a khdc nhau nén ching c6 hoat tinh xtc tac.

VD:  Su phan hiy KCIOs khi ¢6 mit MnO» (phdn ttng diéu ch& oxy).
MnO
KCIO; SPKC + 320,
Phédn ¢ng nay ti€n hanh dudc do tao thanh hgp chat trung gian Mn, 05 (khong

bén) — MnO, +0,

6.Tinh thuin tu':

Nguyén ti clia cic nguyén t& chuyén ti€p, cling nhu hdp chat clia ching voi

phin 16p e (n-1)d chua ddy di c6 mdt sd e chua ghép ddi nén thudng 12 nhitng chit
thudn tir. Ngoai ra mot sd nguyén t& chuyén ti€p c6 thé thé hién tinh sit tir (tinh

thudn tr & mic do cao).

7. Kha niing tao phdc:
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O nguyén 5 chuyén ti€p c6 cdc phan mic (n-1)d ns ¢6 orbital tréng nén né
dé tham gia tao lién k&t phdi tri voi cdc chit khdc hinh thanh phifc chat.

VD: Cr'" + O6NH; = [Cr(NHs)]™*
6 phan tit NH; di cho 6 doi e du cia né vao cdc oribital tréng ciia Cr’* ¢6 co
ciue.
Tt
3d 4s 4p
dzsp3
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