TRUGNG PAI HOC PA LAT

CIAO TRINH

HOA PAI CUONG B

ThS. HO THI BiCH NGOC




Jlod dai ecicong B -7 -

MUC LUC

UG LUC oo s e e es e s se e -

CHUGNG L. PINH LUAT TUAN HOAN VA HE THONG TUAN HOAN CAC
NGUYEN TO HOA HOC. ....cccovvorrrrnsiessiecesenenssesssssssmessssesesssssssssneesssssesssssss -4-
I DINH LUAT TUAN HOAN ..ottt e ettt -4 -
1 PRAE DIEU cevveeee e s es e s ee e e es e ee s es e es e 4
2. Ynghla cta dinh ludt TUAN NOAN: 1..veeececceeee e, -5-
IL HE THONG TUAN HOAN ... _6-

1. CAu triic hé thong tuan hoan dudi 4nh sdng clia thuyét cAu tao nguyén tir: - 6

2. M6 ta bang hé thong tuan hoan(110 nguyen to) ..................................... -7-
1. MOT SO CAC TINH CHAT TUAN HOAN CUA CAC NGUYEN TO.....- 8 -
1. Ban Kinh nguy@n th:......coeiuiiiiieieeee e -9-

2. Nang Iugng Lon hOa: ....coooviiiiiiiiiiiiee e -10 -

3. ATTUC GIEN T 1ottt -12-

4. D0 AM GIEN: .eeiiiiiiieiieee e e -13 -
5. 88 OXY NOA: ovivieieeeeeeeeeeeeeee et -15 -
CHUGNG II. CAC TRANG THAI TAP HGP CUA VAT CHAT .................... -16 -
L. TRANG THAT KHI ..ottt - 16 -
L. TRANG THAI LONG.........ooooioiesrieesiesssesesesssess oo - 17 -
IL TRANG THAI RAN ......ooooiiiiioooioneeeeeeoeeeeeeeeeeeeeeeee oo -19-
1 PBéc trung cua trang thai ran @ .......ccooviiiiiiiiiie e -19 -

2. Phan loai trang thdi TN t......c.ocoooeiiiieieeeeeeeeeeeeeeeeee e, -19 -

3. Cac ki€u mang tinh the t.......coovoviiieieeeeeeeeeeeee e -20 -

CHUGNG III. PONG LUC — CHIEU HUGNG VA TOC PO CUA QUA TRINH... -
22 -

L HIEU UNG NHIET ....cooooiiiiiiie et -22-
1. CAC KNAT MMM = ..eiiiiiieeiiie ettt ettt e e eaeeeenaeaens -22 -
2. Nguyén ly I nhi€t dong hoc — ndi ndng, entanpy :........ccceevvvveeernnneeeenne -23 -
3. Hiéu tng nhiét phan tng — Phuong trinh nhiét héa hoc:......................... -25 -
4. Nhiét tao thanh va nhi€t A0t ChAy: ......c.ccocvevieverieieeeeeeeeeeeeeceeeee e, -26 -
5. Cég dinh ludt nhi€t h6a hoc & ..., -26 -
1. CHIEU TU DIEN BIEN CUA CAC PHAN UNG HOA HOC.................. - 28 -
1. Chiéu ty dién bi&n clia cAc qUA trNN: .....oovevieeeiieeeeeceeceeee e, -28 -
2. Entropy va ndng lugng tu do Gibbs :......c..eeviiiiiiiiiiiiiiiieeeeeeeeeeen -29 -
3. Su thay ddi thé ddng dp va diéu kién dién bién cla qua trinh héa hoc : - 30 -
IIL DONG HOA HOC ..ot -31 -
1. TOC A0 PRAN TNE © ..ot -31-
2. Céc y€u t6 dnh hudng d€n tdc dO phan GNg: ......cocvvveveveeiriereriiiereeeees -31 -
IV. CAN BANG HOA HOC ........coomrirovvoeoenseeesoossssseesssssssseesssnssssss s -35-
1. MOt SO KNAT THEIMN: ..ot -35-
2. Trang thai cAn bAng h6a NOC @...vovvvveeiieeieieiieieceeeeee e -36 -

ThS. Ho Thi Bich Ngoc Khoa Hod hoc



Jlod dai ecicong B -2 -

3. HANE SO CAN DANZ fuvvieiiereeieiieteeeeieeceet ettt - 36 -

4. M&i lién hé gifta hing s6 cAn biang va th€ dAng 4p ¢ .voveveeveveveveeernnee, -39 -

5. Sy chuyén dich cin bing le Chatelier : ...........covovvveeeeeeeeereeeeeeeeens -41 -
CHUONG IV. DUNG DICH .......coooiimiiieeeeeeeeeeeeeeee e - 44 -
LKHAI NIEM VE DUNG DICH..........cooomoiorimoooeoeeeeeooooeeessseseeeeeeeeeeeeeeeeee - 44 -
TLHE PRAN LAN: coiiieeeeeeee et e e e et e e e e e e e -44 -
2.DUNE dICH: e -45 -
IL. DUNG DICH LONG: ... es e -45 -
1. Su tao thanh dung dich 16ng - Hiéu tng nhiét qua trinh hoa tan:............ -45 -

2. Qud trinh hoa tan va cAn bdng hod tan: ...........ccoeveeveeeeerieeeieeeeee e, - 46 -

3. Ndong @6 dung dich va cdch bi€u didn:.......cocoovvvevieeieeeieceeeeeeeeee -47 -

4. Do tan va cdc yé&u t& dnh hudng d&n d0 tan:..........coeveveveeeeeveeeeeeereae, -48 -
IV. TINH CHAT DUNG DICH LONG, LOANG CHAT KHONG PIEN LY - 50 -
1.Ap suét hoi bao hoa clia dung dich: ........coceveveeeeeeeeeeeeeeee e, -50 -

2. Nhiét do s6i va nhiét do dong dic ctia dung dich ......ccevvveiievvieniieennne -52 -

3. Ap suét thdm thau ctia dung dich: ..........ooeveeeveeeeeeeeeeee e -53-
IV.DUNG DICHBIEN LY ....ooooviiiiiiiiieeeceeeeeseeee e -54 -
1. Tinh ch4t bat thudng cla cdc dung dich axit — baz — mudi:.................... - 54 -

2. Sy dlen ly va thuy&t i8N 1y: ...ocveviieeiieeieeeeceeeeeeeeeee e -55-
V. CAN BANG TRONG DUNG DICH CHAT PIEN LY YEU oo, -59 -
1.Hiing s6 dién ly va phu’dng trinh hing s6 di€n 1y:....ccoeevvveveiiiereecen -59 -

2. Lién hé giita hiing s6 dién ly va d0 dién ly:......ccccoevevveieieeecreeeeeeereee, -59 -

3. Su phan ly clia axit va baz y&u da bAC....c.ccveveiieieeeeeieeeeeeeeeee - 60 -

4. Sy dién ly cia cdc hydroxyt luGng tinh:........cccooeeiiniiniinieieeeeee - 60 -

5. SUAEN 1y €A MUBT: ovvvorveiriiiii e - 60 -
VI. CAN BANG TRONG DUNG DICH CHAT PIEN LY MANH:............... -61 -
1. Bic diém cda dung dich chat dién ly manh: ...........ccooeieveviviceeeennee, -61 -

2. Thuyét chat dién ly manh(Debye, Huckel, Onsagel): .........c..coccveveenee.e. -62 -

3. Hoat 0 - HE SO N0t A0: ..eeveeeeeeeeeeeeeeeeee et -62-
VIL CAN BANG ION CUA NUGC: ......ooomrrerrrreeesseeesoesssseesssoosesss e - 64 -
1. Sy dién ly clia nuSc va tich s6 ion clia NUGC: .....oovevveeeeeeereeieeeieeeeeeereee, - 64 -

2. Chi SO hYAro PH: ....eeeieeeeeeeeeeeeeeeeee e - 65 -

3. Chat chi thi MAU:.....cveviiieiieicieeceeece e -65 -
4. Dung d1ch 4 <3 11 BT PPUUPPPPRRRN - 66 -
VIIL. CAN BANG TRONG DUNG DICH CHAT PIEN LY KHO TAN ....... - 68 -
1. Can biing di thé clia chat dién ly kho tan va tich s6 tan:......................... - 69 -

2. Anh hudng ctia cdc ion trong dung dich dén do tan cla chat dién ly:.....- 69 -
IX. PHAN UNG TRAO DOTION ...oovoooreoeeeeeeeeeeeeeeeeeeeeeseeseeeeeeensesene, -70 -
X. PHAN UNG THUY PHAN ......cooviioiiiiieieneieee e -71 -
L. DInh nghia: oo -71 -

2. Piéu kién d& cho sy thiiy phaAn mudi XAy ra: .......cveveveveveeereeeenenenennnnn, -71 -

3. Phin ting thily phan clia CAC MUGT: ..cvooveveeeeeeeeceeeeeeeeeeeeeceeeeeeeee e -72 -

4. Do thiy phan va hiing s& thly PhAn:........cccoevieiiieieieeeeeeeeeeeee e, -73 -

ThS. Ho Thi Bich Ngoc Khoa Hod hoc



Jlod dai ecicong B -3 -

XI. PHAN UNG TRUNG HOA ..o 75 -
1. Phén @ing trung hoa trong dung dich nudc:.........ccoeevveiieviieniieicceee, =75 -
2. Sy chudn d0 axit — baz:.....cooooovvverririiceriene. e -75 -
CHUONG V. PHAN UNG OXY HOA KHU VA NGUON BPIEN ......oocovne... -77 -
LKHAI NIEM VE DIEN HOA HOC ..., 77 -
I1. PHAN UNG OXY HOA KHU ..o -77 -
J 0 QT 1§ 15 o NSRRI -77 -
2. Can bing phuong trinh phdn ng oxy héa kKhit : ..........cocooeveeveverenennne, -79 -

II. PHAN UNG OXY HOA KHU VA DONG BPIEN - NGUYEN TO
GANVANIC ..ottt e e et et e et s eses e e s eseseeseeaeeeeaeees -82-
1.Phdn @ing oxy hda khit va dong dién:..........cceevieeiiiiiiieiiecieecee e -82-
2. NGUYEN t8 GANVANIC : ..vevivieeeeeeeieeeeeeeeeeeeeeeeeeee et eneere e, -82-
IV. SUC PIEN PONG CUA NGUYEN TO GANVANIC ... -85 -
V. THE PIEN CUC VA CHIEU PHAN UNG OXY HOA KHU................... - 86 -
L. THE QLI CUC: .ottt ettt eae e - 86 -
2. Chiéu clia cdc phan WNg 0XY NOA: ...cvovvveveeieeeeeeeececeeeeeeeee e -89 -
@850 TAI LIEU THAM KHAO GRED w...oooeoeeeeeeeeee e, -92-

ThS. Ho Thi Bich Ngoc Khoa Hod hoc



Jlod dai ecicong B -4 -

CHUONG 1. PINH LUAT TUAN HOAN VA HE THONG
TUAN HOAN CAC NGUYEN TO HOA HQC.

Dén gitta thé ky XIX, ngudi ta da biét dugc 63 nguyén t6 hod hoc, nhi¢u hgp
chat hod hoc khdc nhau da dugc nghién cud, nhiéu tinh chit vat Iy héa hoc dic
trung clia cdc nguyén to, hop chat riéng biét hay cla tirng nhém nguyén t6, hop
chat da dugc thiét 1ap.

Su phat trién ctia khoa hoc k¥ thuat va cong nghiép lic d6 doi hdi phai tiép tuc
nghién cttu vé cdc nguyén td va hop chit cla chiing mot cich manh mé va c6 hé
thong. Piéu nay dit ra cho cic nha héa hoc van dé hé thdng hod cic nguyén to dé
tim ra nhitng quy luat chung néi 1én méi lién hé giita ching v6i nhau.

Nhiéu nha bic hoc nhu Dobereiner (nhém ba nguyén t& x&p theo thif tu tié€n clia
khoi lugng nguyén ti: Cl — Br — 1...), Chancourtoirs, Newlands (x&p cdc nguyén t&
theo khoi lugng nguyén tif ting dan), Mayer (thu dudc 6 nhém tuong tu)... d3 nghién
cifu vain dé nay nhung khong thanh cong vi thi€u co sé hé thong hod vitng chic,
nhat 1a khong nhin thdy dugc mdi lién quan giita cdc nguyén t6 khdng twong tu
nhau.

Thanh cdng ruc rd nhat 1a cdc c6 ging clia Mendeleev di kién tri theo ddi van
dé x&p hang cdc nguyén td trong nhiéu nim dai d€ cho ra mot bang phan loai dua
trén co s& cud dinh luit tuan hoan.

Bing phan loai hién vAn con mang tén dng (Mendeleev) mic du di dugc hiéu

N e 2, <A
chinh va bd tic kh4 nhiéu.

I DINH LUAT TUAN HOAN

1 phat biéu:
Khi nghién ctu tinh chit cla cdc nguyén td, xét theo chiéu dién tich hat

nhan nguyén t ting din, ngudi ta thay tinh chit héa hoc cta ching bi€n ddi nhung

sau mdt s6 nguyén to ta lai gip mdt nguyén t6 c6 tinh chat tuong t.

VD: Tir nguyén 3 thit ba 1a Li dén nguyén t& thit 10 1a Ne: tinh kim loai gidm
dan (sLi: kim loai manh; oF: phi kim dién hinh, (Ne: khi tro).
Nguyén t& thtt 11 1a Na c6 tinh chat giong Li. Su bién ddi tinh chat cic

nguyén td tif ;Na dén gAr (khi trd) néi chung gidng cic nguyén to trudc.

ThS. Ho Thi Bich Ngoc Khoa Hod hoc
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S& di vay vi tinh chét cdc nguyén t6 phu thudc chii y&u vao ciu tric dién ti
ctia nguyén t&r. O trang thdi binh thudng, cau tric dién ti dugc xdc dinh bing s&
dién t trong nguyén tf tifc bing dién tich hat nhan nguyén ti.

That ra, tinh chit ho4 hoc clia cdc nguyén t6 phu thudc chi y&u vao ciu tao
16p vo dién ti¥ ngoai cuing (16p dién ti¥ héa tri) nén tinh chit tudn hoan cla ciu tao

vé dién tir d3 quyét dinh tinh chat cdc nguyén t6 phai bi€n ddi tuan hoan.

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

“Tinh chat cdc don chit ciing nhu tinh chit thanh phin va dang cdc hop chat
clia nhitng nguyén t& bi€n thién tudn hoan vio dién tich hat nhan nguyén ti clia
nhitng nguyén & d6”.

Pinh luit ndy do Mendeleev tim ra dau tién, nhung & thdi ky 6ng, dinh luat
phét biu con chua chinh x4c 1dm 1a: “Tinh chit phu thudc tuan hoan vio khoi
lugng nguyén ti”; do d6 c6 mot sd sip x&p khong phi hgp.

VD:

18Ar 9K 27Co N1 s2Te 531
Khoi lugng nguyén ti: 39,9 39,0 58,9 58,7 127,6 126,9

2. Ynghia ctia dinh luat tudn hoan:

-Pinh luat tudn hoan 1a cd s chic chin d€ phan loai cic nguyén t& hod hoc
va hop chiing lai thainh mdt hé thdng hoan chinh. Chi ¢ thé hiéu diy di céc tinh
chat clia mot nguyén t8 riéng ré khi nghién citu né trong mdi lién hé vdi tinh chat
clia cdc nguyén td khdc va vdi vi tri clia nguyén t& d6 trong bing hé thdng tuan

hoan.

VD: Nghién citu tinh chit cia Al phdi xét cd tinh chat cdc nguyén t6 xung

quanh né

B
I

Mg — Al - Si ..)
|

Ga
-Dinh luit tuan hoan cho phep thay truéc dugc sy ton tai clia nhitng nguyén t6

chua dugc tim ra, cho phép mo ta tinh chat clia cdc nguyén t& d6 va hgp chit clia
ching.
VD: Su khdm ph4d ra Ga (1874) c6 tinh chit giong nhom (do Mendeleev du

doan).

ThS. Ho Thi Bich Ngoc Khoa Hod hoc
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Su khdm phd ra Sc (1879), Ge (1885) cling vay.

II. HE. THONG TUAN HOAN

1. CAu triic hé thong tuin hoan dudi anh sdng clia thuyét ciu tao
nguyén tif:
Hé thong tuin hoan bao gdm cic don vi cu tric: chu ky, nhém, phan nhém,

0. Nhitng don vi ciu triic nady do Medeleev dua ra tir lic chua c6 khdi niém gi vé
ciu tao nguyén tt. Tuy nhién, giita chiing va ciu tao nguyén tif c6 moi lién quan
chit ch&. Mdi lién quan nay cho phép nhanh chéng x4c dinh dugc ciu tric dién ti
va tir d6 bi€t dudc nhitng tinh chit cd ban clia nguyén t& ciing nhu hgp chat clia

ching.

a Chu ky

Chu k¥ 12 mot ddy cdc nguyén t& ma cdc nguyén tif clia chiing c6 cung so 16p
dién tr, chi khdc nhau & sd dién t clia cdc 16p bén ngoai. Khi dé:

- SO thit ty clia chu ky cla nguyén t& trung vé6i gid tri s6 lugng tl chinh dic
trung cho 16p ngoai cung. (1,2,3..).

- Khi hinh thanh mét 16p méi lai xuat hién mot chu ky mdi.

- Mdi chu ky gdm mot s6 nguyén t& nhat dinh ng vé6i s& dién ti dién vao cdc
16p bén ngoai tir lic bit ddu xay dung phan 16p ns (hydro hay kim loai kiém) dén
khi két thiic phan 16p np (céc khi tro).

VD: Chu ky mot tng vé6i 16p vé n=1 c6 hai dién tit dién vao phan I16p 1s nén
chu ky mot gdm hai nguyén t6 (H:1s', He:1s?).

Chu ki hai tng véi 16p vé n=2 c6 8 dién tif dién vao cdc phin 16p 2s2p
(Li:[He]2s1 — Ne :[He]2522p6) nén chu ky hai g6m 8 nguyén t: Li, Be, B, C, N, O,
F, Ne.

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

Chu ky 6 c6 32 nguyén t6, nguyén t& cudi cung (ssRn) c6 32 dién tit dién
vao phan 16p 6s%4f'*5d'"6p°.

b. Nhom
Nhém gém céc nguyén td c6 s6 dién tif 16p ngoai cling hay cdia nhitng phan 16p

ngodi cling gidng nhau va bing sd thi ty clia nhoém.

ThS. Ho Thi Bich Ngoc Khoa Hod hoc
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¢. Phdn nhom

Phan nhém gdm nhitng nguyén t6 ma I6p dién t bén ngoai ciung dugc xay
dung giong nhau(chi khdc nhau vé chi s& n).

Phan nhém chinh gdm cdc nguyén t6 ma dién t& ng v6i mifc ning lugng cao

nhat trong nguyén ti thudc phan 16p ns hay np

VD: 11Na : 1s%2¢? 2p63s1 : Phan nhom I,
17Cl @ 15 2s%2p°3s%3p° : Phan nhém VII,
Phan nhém phu gdm cdc nguyén t6 ma dién tif tng v6i mic ning ludng cao
nhat trong nguyén tif thudc phan 16p (n-1)d hay (n-2)f. Cdc nguyén td nay dudc goi
12 cdc nguyén t6 ho d hay ho f.

VD: »sMn: 1s® 2522p6 3sz3p63d54s2: phan nhém VIl
Nhém  Nguyéntdsvap  Nguyéntod

ns! (n—l)dlons1

11 ns’ (n-1)d"’ns?
II1 nsznp1 (n-1 )dlns2
v ns’np’ (n-1)d*ns’

A% nsznp3 (n-1 )d3 ns’

VI nsznp4 (n-1 )dsns1
VII nsznp5 (n-1 )dsns2

VIII (0) nsznp6 (n- 1)d6’7’8ns2

A

d. o
O 1a vi tri cu thé ctia mdi nguyén t5, chi rd toa dd nguyén td trong bang hé
thong tuan hoan (s& thit tw nguyén t6 = s6 dién tich hat nhan = s§ dién t¥; s th ty
chu ky; s6 thif tv nhém, loai phAn nhém).
VD: »5Sr ¢6 Z=38, G chu ky 5 phan nhom Il 4.

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

Hon 400 ki€u dién hé thdng tuan hoan cic nguyén t& da dudc cong bd nhung
thyc t& chi ¢6 2 kiéu trong s& d6 dudc phd bién va ng dung rong rii.

D6 1a cdc bang hé thdng tuin hoan dang ngin va dang dai ma hién nay chiing
ta dang st dung va co s§ clia chiing van 1a cdch bi€u dién clia Mendeleev.

- Bang tuan hoan dang ngin gom 8 nhém nguyén t&, 7 chu ky véi 10 day
nguyén to:

Chu k¥ 1 (chu ky dic biét) gdm hai nguyén t6.

ThS. Ho Thi Bich Ngoc Khoa Hod hoc
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Chu k¥ 2,3 (chu ky nhé) gdm 8 nguyén 8.
Chu k¥ 4,5,6,7 (chu ky 16n) gdbm 18,18,32,26 nguyén td.
M&i chu k¥ 16n gdm 2 hang ngang: hang trén 12 hang chin bao gid ciing manh
hon cdc nguyén td trong hang 1é nén ngudi ta qui udc viét cdc nguyén t& hang chin
dich sang phdi, cdc nguyén t6 hang 1& dich sang trdi (cdc nguyén td cia chu ky nhd

ciing dugc viét theo quy tic nay).

VD: Na, Mg c6 tinh chit kim loai manh nén dugc viét dich sang phdi.

Chu ky 6 ¢6 32 nguyén td tir 55 dén 86; trong d6 c6 14 nguyén t6 tir 58 dén 71
dudc x&p cung 6 thit 57 véi nguyén to lantan va viét thanh mot hang ngang & cudi
bang, hop thanh ho lantanit.

Chu ky 7 (chu ky d& dang) c6 20 nguyén t6 tir 87 dén 106; trong d6 c6 14
nguyén t8 tr 90 dé€n 103 dugc x&p cung 6 thi 89 v6i Ac hop thanh ho Actinit ciing
dudc viét thanh hang ngang & cudi bang.

- Bang hé thong tuin hoan dang dai khong gon va chit ché bing dang ngin,
nhung c¢6 vu di€m 13 phin dnh dugc o rang sy phan chia cdc ho nguyén to theo
dic diém cau tric dién ti (cdc ho s,p; d;f). Pic di€ém cla cach bi€u dién dang dai
nay 13 hé thdng tuin hoan dudc trai dai ra theo hang ngang: mdi chu ky chi c6 mot
hang va néi chung cdc ho nguyén td s,p;d;f dudc sip x&p lién tuc nhau. Vi vay cdc
phian nhém nguyén t& dugc tich hin thanh nhitng cot riéng, trong dé phan nhém

chinh dugc ky hi¢u l1a A, phan nhém phu la B.

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

Chiing ta biét tinh chat clia cic nguyén td trong hé thdng tuan hoan thay ddi

mdt cich c¢é quy luit theo 3 chiéu: ngang, doc, chéo; trong d6 quan trong va ding
luu ¥ nhat 13 theo chiéu ngang (chu ky va diy), doc (nhém va phan nhém).

Vi tinh chat clia cdc nguyén t& chli y&u phu thudc vao ciu tric 16p vé dién
tf nguyén ti¥ nén khi dua vao ciu tao nguyén tif cé thé gidi thich dugc dé& dang
nhitng quy luit thay ddi tinh chit ciia cdc nguyén t6 trong hé thdng tuan hoan.

D6 1a céc tinh chit ban kinh nguyén t, ban kinh ion; 4i lyc dién t, ning ludgng
ion hod; 4m dién, s& oxy hod dudng va Am cuc dai, thé tich nguyén t, nhiét do

nong chay, nhiét do soi, tir tinh, ning lugng phén 1y, nhiét tao thanh...

ThS. Ho Thi Bich Ngoc Khoa Hod hoc
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Sau diy ching ta s& xét mot sO tinh chat tudn hoan quan trong clia céc
nguyén td hay dugc st dung d€ gidi thich hoat tinh ho4 hoc ciia cdc don chit ciing
nhu hop chat clia ching.

1. Ban kinh nguyén tiu:

a. Khdi niém

Vi cdc dam may dién ti khong c6 gidi han ré nét nén khong théxac dinh duge
ban kinh nguyén t& va bdn kinh ion thit chinh xdc. Vi vay, ngusi ta thudng xac
dinh cédc dai lugng nay dua trén khodng cdch giira cdc hat nhan nguyén t{ tao nén
don chat hay hgp chat tuong ting (xem cdc nguyén tif hay ion nhu nhitng qui cau
ti€p xtc nhau). B4n kinh nguyén tf va ion xdc dinh theo cach nay dugc goi la ban
kinh hiéu dung va phu thudc vao bin chit nguyén ti tuong tic, dic trung lién két
hod hoc va trang thai li€én hdgp.

Tém lai, ban kinh nguyén t& va ban kinh ion chi 1a nhitng dai lugng quy udc.
Tuy vAy né van la tinh chat dic trung quan trong clia cdc nguyén t& va c¢é anh

hudng nhiéu dén tinh chit héa hoc cla cdc nguyén td.

b. Su bién doi bdn kinh nguyén tii:

Trong cung mdt chu ky:

+ N6i chung, trong mot chu ky, ban kinh nguyén tr gidm dan tir trdi sang phai

(theo chiéu tdng 7).

ThS. Ho Thi Bich Ngoc Khoa Hod hoc
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VD:
Chu ky 2 Li Be B C N 0] F
Bén kinh nguyén ti (A% 1,52 1,13 0,88 0,77 0,70 0,66 0,64
Nguyén ti ho Fe Fe Co Ni

Ban kinh nguyén td (A%) 1,26 125 124

+ Trong mot chu k¥, s6 16p dién t cia cdc nguyén tif nhu nhau va dién tich hat
nhan ting mot don vi khi di tif nguyén t& no dén nguyén t6 kia trong khi dién ti chi
dudc thém vao 16p dang xay dung d§ nén dién t& bi hit vao nhan manh hon lam
cho bén kinh nguyén tr giam di.

D6i v6i cdc nguyén t6 ho d va f, theo chiéu ting dan, su thay d6i ban kinh
cham chap hon so vdi cdc nguyén t6 ho s va p. Vi doi véi cdc nguyén td nay, dién
tl ting thém dudc dién vao 16p dién tir dang xAy dung siu bén trong (16p thit hai va
thit ba k€ tir ngoai vao) nén it dnh hudng dén kich thudc nguyén ti. Pong thdi sy
ting dién t&r d & 16p ké ngoai cling 1am cho hiéu tng chin ddi vé6i dién i 16p ngoai
cung tang 1én so véi trudng hop s va p.

Sy gidm it va déu din ban kinh nguyén tif & cdc nguyén td d va f dudc goi 1a

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

Trong mot phan nhom:

Trong mot phan nhém chinh, theo chiéu tir trén xudng dudi, ban kinh nguyén
tl ting 1&én vi s 16p dién ¥ ting 1én.
VD:
Phan nhém I Li Na K Rp Cs Fr
Bén kinh nguyén ti (A”) 1,52 1,86 2,31 2,44 2,62 2,770
Ddi véi cdc nguyén t& nhém phu, khi chuyén tir nguyén t& ddu phan nhém
dén nguyén td thd hai, ban kinh c¢6 ting 1én, tif nguyén t6 thit 2 d6i véi nguyén td
thtt ba, ban kinh it thay d6i. Piéu nay dugc gidi thich chii y&u do hién tudng co d, co
f.

Phan nhém VIB 24CI’ 42MO 74W
Bén kinh nguyén t& (AO) 1,25 1,36 1,37

2. Nang lugng Ion héda:

a. Khdi niém
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Niing lugng lién két cdc dién tr bén ngoai véi hat nhan nguyén tf quyét dinh
tinh chat héa hoc clia cdc nguyén t6. Ning lugng d6 chinh 12 ning lugng ion héa.
V4y ning lugng ion héa dic trung cho dd bén cida lién két gitta hat nhan véi dién tir
bén ngoai tic dic trung cho khd niang nhudng dién t& ctia nguyén tu, tic dic trung
cho tinh kim loai clia nguyén td (ning lugng ion hda cang nhd, nguyén tif cang dé
nhudng dién t nén tinh kim loai va tinh khit cia nguyén t6 cang manh).

Pinh nghia: Ning lugng ion héa ctia mdt nguyén t& 12 ning lugng t6i thi€u can
thiét d€ tdch mot dién ti ra khdi nguyén i tw do & trang thdi khong kich thich.

X o+ I = X"+ e

Pay 12 niing lugng ion héa thit nhat (I;). Ngoai ra con c6 ning ludng ion héa
tht 2,3... (I, 1,...) 1a ndng lugng can thiét dé€ tach dién t& thit hai, thit 3,... ra khdi ion
duong c6 dién tich +1,+2,...

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

Trong héa hoc, 1; ¢6 ¥ nghia quan trong nhat vi § trang théi tv do, nguyén ti
déu dudc loai trir hét moi 4nh hudng bén ngoai nén ning lugng can d€ giy nén sy

ion hod nguyén tif ding biing ning lugng da lién két dién tl trong nguyén ti.

b. Su bién thién ndng luong Ion hod
Trong mot chu ky:
VD:
Chuky3 Na Mg Al  Si p S I Ar
I, (eV) 5,14 7,64 598 8,15 1048 10,36 13,01 15,76

Trong cling mot chu ky, tir trai qua phdi, ban kinh nguyén tif gidm dan, dién
tlr héa tri cang gin nhin cang bi hit manh nén cang khé tich rdi khdi nguyén ti
nén ning lugng ion héa cang cao. Tuy nhién, sy bién d6i d6 khong x4y ra don diéu
khi dién tich hat nhan ting tuan tu.

VD:
13Al ¢6 1 nhd hon ;Mg do ciu hinh dién t
Mg : 1s* 2s* 2p°3s®  : Phan I6p 3s bdo hoa.
Al: 1522522p63sz3p1 : Pién t& p trong mot phan 16p mdi it bi nhan
giif chit hon dién tif trong phan 16p k€ trude da bio hoa.
Tuong tu 16S ¢6 I; nhd hon 5P
P: 1s” 25> 2p®3s?3p” : Phan 16p 3p bén bio hoa.
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S: 1s® 2s* 2p®3s* 3p* : Viéc tich dién tif thi 4 d€ dat phan 16p 3p
b4n bdo hoa dé thuc hién hon.

Trong mét phan nhém:

+ Phan nhém chinh:
VD:

Phan nhém I Li Na K Rp Cs
Li(eV) 5,39 4,15 434 4,15 3,89
Trong phan nhém chinh, theo chiéu ting dién tich hat nhin, s6 16p dién tir
ting 1én ddng thdi hiéu tng chin cda cdc 16p dién tif bén trong ciing ting 1én 1am

giam lyc hut gitta hat nhan véi nhitng dién t& bén ngoai nén I; giam.

+ Phan nhém phu:
Phan nhém Vg 3V 41Nb 73Ta
I, (eV) 6,74 6,88 7,88
Sv ting I; trong phadn nhém phu dudc gidi thich bing wu th€ clia viéc ting

dién tich hat nhan va hiéu tng xdm nhdp cua cdc dién t& nhitng 16p ngoai cling.

3. Ai luc dién tif:

a. Khdi niém

Dinh nghia: Ai luc dién t& ciia mot nguyén ti 13 ning lugng dugc phdt ra (hay
thu vao) khi nguyén ti d6 (& trang thai tu do) két hgp thém mot sd dién tif d€ bién
thanh ion am.

X + € = X + F
F: Ai lyc dién tit, dugc tinh bing eV hay kcal/ntg.

Viéc x4c dinh tryc ti€p F bing thuc nghiém khé khin hon nhiéu so véi viéc
xdc dinh 1. Ngudi ta méi xdc dinh dudc 4i luc dién tif clia mot s it nguyén td c6 do
am dién 16n. Ai luc dién ti thudng dugc xdc dinh gidn tiép.

Ai lyc dién tf cang duong thi nguyén tf cang dé nhan dién tlt, do d6 tinh phi

kim loai va tinh oxy ho4 clia nguyén t& cing manh.

b. Su bién doi di luc dién tir

N6i chung, su phu thudc ciia 4i luc dién t vao vi tri trong hé thong tuan hoan
phtic tap hon so vdi niing lugng ion héa. N€u trong nguyén ti thi€u 1 hay 2 dién tir
dé bao hoa 16p ngoai dén 8 dién i thi 4i luc dién tif cda n6 thudng 16n va ngudc lai,
khi & 16p ngoai clia nguyén tif ¢6 1 hay 2 dién ¥ thi 4i luc dién ti rat bé.
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Trong bang hé thdng tuin hoan, phin nhém VII, c6 4i luc dién ti¥ 16n nhat
va gidm dan tir Clor dén iod vi cang di xudng, ban kinh nguyén tit ting din, dién tir
thém vao cang it bi nhan hit nén ning ludng phéng thich ra cang kém dan. 3 Flor
do kich thuéc nhé nén dién t& thém vao chiu tuong tdic ddy mot phan clia nhitng
dién t& dang c¢6 sdn nén Flor ¢6 4i lyc dién t& nhd hon Clor.

VD:
Phan nhém VIIa F Cl Br I
F (eV) 3,58 3,76 3,54 3,29

4. Do Am dién:

a. Khdi niéem

Theo khdi niém cua minh, cdc dai lugng ning lugng Ion hod va 4i luc dién t&
c6 thé diung dé ddnh gid va gidi thich kh3 ning tao thanh lién két ion cla cic
nguyén t& khi tuong tac voi nhau. P& d4nh gid va gidi thich kha ning tao thanh lién
k&t cong hod tri clia cdc nguyén td khi phdn tng véi nhau, ngudi ta dung do Am
dién vi dai lugng nay cho bi€t kh3 niing cta nguyén tf mot nguyén t& hiat mat do
dién tir vé phia minh khi tao lién k&t véi nguyén tit clia nguyén td khac.

P06 Am dién ciing 13 dai lugng dic trung quan trong cho tinh chit cla nguyén
t6. Nguyén tif cia nguyén t& c6 d6 Am dién 16n hon sé& hit dién ti¥ vé phia minh khi
tuong tidc v6i nguyén tir cia nguyén t& khdc c6 do Am dién nhd hon. Do d6, d6 Am

dién c6 lién quan vdi ndng lugng ion hod va 4i luc dién t cia nguyén ta.

- Cach xac dinh @6 A4m dién:

D6 Am dién dudc xdc dinh theo nhiéu cdch duva trén nhitng tinh chit khic nhau

clia cdc nguyén t6. Hién nay c6 dén 20 thang d6 Am dién. Tuy gid tri d6 Am dién
cla cdc nguyén to theo nhitng thang nay khdc nhau nhung ké&t qud sip xé&p céc
nguyén t0 theo kha niing hit dién t& dua trén nhitng thang nay néi chung giéng

nhau.

- Cach xac dinh d6 4m dién theo Mullinken:

Khi hai nguyén ti clia cdc nguyén t§ A va B tuong tidc véi nhau tao thanh hop
chat cong hod tri (tifc lién két ctia hgp chat dugc thuc hién bing su chuyén dién t¥
tf nguyén tif cia nguyén t6 nay sang nguyén tif cia nguyén t6 kia) thi kha ning hdt
dién tif tuong tGng clia chiing s& 13 (F- Ig) va (Fp —I,). Pién ti s& chuyén vé phia
nguyén ti A c6 kha nang 16n thi:

(Fa - Ip) > (Fg - Ia)
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Fa + Ia > Fg + Is
Tir d6, Mullinken dé nghi d6 Am dién X clia cdc nguyén tit dugc x4c dinh béi:

1
X= — (F+])
2
Vi gid tri 4i lyc dién tif bi€t duge con it nén cdch xdc dinh d6 Am dién theo

phuong phdp Mullinken bi han ché.

- Cach xac dinh d6 4m dién theo Paulling:

b6 4m dién dugc x4c dinh dua trén ning lugng lién két cla cdc lién két tuong

ung.
VD:

Phan tit AB dugc tao thanh tif cdc phin tf A, va B,. Trong d6 lién két clia tat
cd B phan tl nay déu 12 cong ho4 tri. N&u lién két AB khong c6 cuc thi:
Eae = \/E aaEss

E: Niing lugng clia cdc lién két.
Hay:

AE = EAB_\/EA—AE B—B =9

Né&u lién két A-B ¢6 cuc thi AE #0. Nhu vay dua vao dai lugng AE c6 thé danh
gid dudc do c6 cuc cua lién két va do d6 ddnh gid dudc do Am dién cla nguyén to.
Theo Paulling, mdi lién két giita d Am dién X va AE dugc x4c dinh bing
biéu thic:

AE = const(Xa- XB)2

X tinh biing eV va néu AE ciing tinh bing eV thi const =1.
Paulling da ti€n hanh tinh todn d Am dién cdc nguyén td dua trén sy so
sanh véi @6 Am dién cia Flor (ma C)ng nhan bing 4). Do vay, dd Am dién x4c dinh

theo phuong phdp nay goi 1a d6 Am dién tuong doi.

b.Su bién doi do am di¢n

- Trong mdt chu ky theo chiéu tdng di€n tich hat nhan, do 4m dién tang.

- Trong mdt phan nhém: khi di tif trén xuéng dudi, dd Am dién gidm.

- Can chi ¥ ring khong nén xem dd 4m dién 13 dai lugng c6 dinh clia nguyén

t6 vi n6 dudc xdc dinh trong sy phu thudc vao thanh phan cu thé clia hgp chat.
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Chidng ta chi nén st dung né lam dai lugng danh gid khd nidng nguyén ti cua

nguyén td hidt dién t& ma thoi.

5. S6 oxy hoa:

a. Khdi niém
S6 oxy héa la dién tich duong hay Am cda nguyén t& trong hdp chit dudc tinh

véi gid thi€t ring hgp chat tao thanh céc ion.

+ Su bi€n d8i sd oxy hod:

Su thay ddi tudn hoan s& oxy hod xdy ra la do cdc nguyén t6 hod hoc c6
khuynh huéng cho hay nhin dién ti¥ 16p ngoai cling d€ c6 cau hinh dién ti bén 1a
s’p°.

S6 oxy héa duong cao nhit clia mdt nguyén to bing s6 e hod tri clia né (tidc
bing s6 thif ty clia nhém), con s6 oxy hod 4m bing sd thit ty nhém trir di 8.

VD:

S: 1s*2s*2p®3s*3p*
S6 oxy hod duongn.x : +6
SO oxy hod Amp 1 -2

Trong mot chu ky, tif trdi qua phai, s oxy hod dudng cao nhit ting tir +1 dén

+8; s8 oxy hod 4m ting tit —4 (nh6ém IV) dén —1 (nhém VII).
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CHUONG II. CAC TRANG THAI TAP HOP CUA VAT CHAT

Mot chat c6 thé tdn tai & trang thdi khi, 1dng hay rin (& mot diéu kién nao
dé) 1a ty & tuwong quan giita hai yé&u t6 :

- Chuyén dong nhiét ctia cdc ti€u phan lam cho ching phin bd hdn don va
c6 khuynh huéng chi€m toin bo thé tich khong gian cla binh dung. Y&u td nay
dugc ddnh gid bing dong ning chuyén dong nhiét cia hat.

- Luc tuong tdc clia cdc ti€u phan lién két cdc tiéu phan thanh nhitng tip hdp
chit ché c6 ciu tric xdc dinh. Yé&u t6 nay dudc ddnh gid bing thé niing tudng tac
gitta cdc tiéu phan.

Trong nhitng diéu kién xdc dinh, mot chit c6 thé chuyén tir trang thai tip
hdp nay sang trang thdi tap hdp khdc(qué trinh chuyén pha).

Vi du : Sy héa hoi, sy héa 16ng, su hda rin, néng chdy, thing hoa...

L. TRANG THAI KHI
- Pong ning chuyén dong nhiét vuot xa thé€ ning tuong tic giita cic tiu
phan (phén ti khi). Céc phan tif khi chuyén dong gin nhu tu do, chi€m toan bo thé

tich binh dung, gy nén 4p suit trén thanh binh(khdng c6 thé tich nhit dinh, chiu
nén va khuéch tan).

- Trang thdi clia mot chit khi dugc dic trung bdi 3 yéu t6 : nhiét do, 4p suit,
thé tich. Phuong trinh biéu dién mdi tuong quan giita cic y&u t6 nay goi 13 phuong
trinh trang thai khi.

+ Khi ly tudng : 13 nhitng khi thda min cic diéu kién

* Kich thu6c phan tir khong dang k€ so vdi thé tich binh dung(khdng c6 thé
tich riéng).

* Giita cdc phan tr khong c6 lyc tuong tdic ma chi ¢c6 va cham dan hdi gitta

chiing cling nhu gitta ching vdi thanh binh.
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Tinh chit cla khi Iy tudng tudn theo phuong trinh trang th4i khi 1y tudng
(phuong trinh Claperon — Mendeleev).
PV = DRt = RT
P : Ap sudt ctia chat khi céi\t/l‘lé tich V, khéi lugng m & nhiét do tuyét doi T.
n : S6 mol khi.

R : Hiing s6 khi, gid tri cia R ty thudc don vi do

R PVo
PoVo : Ap suit, thé -It-%Ch ctia khi 8 Ty = 273°K
P v R
Atm L 0,082 latm/mol dd
MmHg Ml 62.400 ml mmHg/ mol do
dyn/cm® cm’ 8,314 J/mol do ~ 2 cal/mol do
(1J = 0,2388 cal
lcal = 4,142])

Phuong trinh trang thai khi 1y tudng c6 thé dp dung gin ding cho cic khi
thuc n€u nhu 4p suét cia ching khong qué 16n, nhiét dd khong qud thap.
+ Phuong trinh trang thdi khi thyc cda Van der Waals dé ra véi su hiéu

chinh ctia 2 s6 hang :

P + ——). (V-b) = NRT
A%
A,b :Hing s6 dic trung cho mdi loai khi
a : Hé s6 hiéu chinh c6 tinh dén luc hiit tuong hd gifta cac phan tir (lyc
V2 nay Iam gidm 4p sudt khi).
b : Bi€u thi thé tich riéng clia phan ti.
IL. TRANG THAI LONG

Su khdc biét giita dong ning chuyén dong nhiét ca phin tif va thé€ ning
tuong tac gitta chiing khong 16n.

Trong chat 18ng, khodng cdch trung binh gifta cdc phan t& nhé hon so véi
chat khi, nhung van con 16n hon chit rin khodng 3%. Luc tuong tic giita cc ti€u
phan chit 16ng di 16n hon dang k& nhung chi mdi di d€ ngin cin sy chuyén dong
hdn loan cht chua dd d€ ngling hin sy chuyén dong cta ching d6i v6i nhau

(chuyén dong quay, giao dong va tinh ti€n). Vi vy, chit 18ng gidng chat khi & chd
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khong c6 hinh dang nhat dinh va c6 cau tric xdc dinh (ciu tric chat 16ng c6 trat ty
gan, con ciu triic chit rin c trat ty xa).
- Céc chat & trang thai 16ng ¢6 mot s6 tinh chit quan trong ddi véi thuc tién
12 tinh nhét, stic cing bé mit.
+ Tinh nhét 13 tinh chat cdc 16p cht 16ng can lai chuyén dong cta ching d6i
vG6i nhau.
Néu goi F 12 luc can thi€t @€ 1am chuyén dich 16p chit 1éng nay so véi 16p
kia thi :
Av
Ax
S : Dién tich ti€p xdc cla 2 16p chat 16ng

F= nS

Av  :Hiéu so tdc do ctia 2 16p chat 18ng.
Ax : Khodng cdch giita 2 16p chat 16ng.
n : Hé s& nhét (d6 nhét) (don vi poirtz)
(Thdi gian d&i chd chat 1dng va cong tiéu thu d€ van chuyén chat 18ng theo
dudng 6ng phu thudc vao dd nhét chat 16ng).
Vidu: Benzencon = 0,0065 poirtz & 20°C
Nuccé6mn = 0,0010 poirtz & 20°C
Khi ting nhiét d, khodng cich giita cdc ti€u phan ting lam gidm lyuc tudng

tdc gilta ching nén dd nhdt tang.

+ Stc cing bé mit :

Céc phan t nim sau bén trong chit 18ng vdi cac phan tif nim trén bé mit
cta n6 chiu cac Iyc hit khdng gidng nhau tir cdc phan tif 1an cin :

Phan tif & sdu dugc bao boc bdi cic ti€u phan khac tif moi phia va céc luc
tdc dung Ién né can bing nhau.

Céc phan t& & 16p mit chiu luc tic dung tir phia cdc phan ti & 16p trong va
c6 xu huéng bi hiit vao trong. Vi vdy, toan bd bé mit nim & trang thdi cing.

Stic cing bé mit dudc dic trung bing cong tiéu ton d€ lam ting dién tich bé
mat lem?.

Pon vi cla o 12 (dyn/cm) hay erg/cm®.

Vidu : Benzen ¢6 o 1a 28,9 f:rg/cm2 §20°C

Nudc ¢6 o 1a 72,6 erg/cm? & 20°C.

Chat 186ng c6 khuynh huéng tu nhién 1am gidm stic cing bé mit biing cich

gidm dién tich bé mit, d6 12 nguyén nhan 1lam chit 1éng dé tao thanh nhitng giot

khoi cau c6 dudng kinh khdc nhau va cdc giot d& nhap lai thanh giot 16n hon.
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IIL. TRANG THAI RAN

O nhiét do thap da s& cdc chat sé& tdn tai § trang thai rin.

1 Piic trung cia trang thai rin :

- Thé€ ning trung binh cda cic ti€u phan 16n hon dong ning trung binh clia
ching.

- Khodng cdch clia cdc tiéu phan nhd, c6 gid tri gan vdi kich thudc cla tiéu
phan.

- Chuyén dong ctia céc tiéu phan rit han ché, thudng chiing giao dong xung
quanh mot vi tri cin bing nao d6 do luc giita cic ti€u phan & vi tri tuong d6i so vdi
nhau dat dén gid tri cuc dai.

Vi viy, chét rin c6 hinh dang cd dinh, c6 thé tich riéng va c6 dd can 16n d6i

vGi su chuyén dich.

2. Phan loai trang théi rin :
GOm 2 loai : Chat tinh thé va chat vo dinh hinh.
a. Chét rdn tinh thé

+ Pa s6 chit rin c6 ciu tao tinh thé cé cic dic di€m sau :

- Vé phuong dién bé mit: Khi dip v& trén bé mit xuit hién nhiéu canh
nhé, chép nhd va bé mit nhd 1ap lanh do phan chi€u 4nh sing khic nhau clia tinh
thé.

- V& phuong dién tinh chat: Cdc chit tinh thé c6 nhiét d6 néng chdy nhat
dinh (vi du T’ cia Al 12 660°C), c6 tinh di huéng (cdc tinh chat vat 1y khong gidng
nhau theo nhitng huéng khac nhau ciia tinh thé).

- V& phuong dién ciu tao bén trong : Cic chat tinh thé c6 cdc ti€u phan sip
x&p trat tu theo nhitng quy luat lip di lip lai nghiém ngit trong toan bo tinh thé, tic
12 chat tinh thé c6 cau triic xdc dinh va mdi chit rin c6 dang tinh thé nhat dinh.

Vi du : Muéi dn ¢6 ciu tao tinh thé dang kh&i 14p phuong.

Phén c6 c4u tao tinh thé dang khéi bat dién déu.

Tinh thé phén

Tinh thé mudi an
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b. Chdr rdn vé dinh hinh

- B& mit dap v& clia chiing rat nhin nhung khong phing ma hoi cong.

- Khong c6 nhiét dd néng chdy nhit dinh vi khi bi d6t néng chiing mém dan
cho dén trang thdi chay rdi sau dé6 mdi bi€n hoan toan thanh chat 18ng; c6 tinh ding
huéng (theo moi huéng, chit vo dinh hinh déu c6 tinh chat vat 1y giong nhau).

- C4u triic clia ching chi ¢6 trat tw gin nén khong c6 hinh thit bén ngoai dic
trung xdc dinh.

Vi du : Thay tinh, cao su...

Trang thdi tinh th€ ludn ludn bén hon trang th4i v dinh hinh nén sy chuyén
chat tif trang thdi ndy sang trang thai kia chi tu xdy ra theo chiéu vo dinh hinh —
tinh thé.

Dang v6 dinh hinh hay dang tinh thé chi 12 nhitng trang thdi ton tai ctia chat
rin. Ty thudc vio diéu kién ma chat c6 thé tdn tai & dang nay hay khéc.

Vi du : Thiy tinh diéu ché theo phuong phdp thong thudng c6 dang vo dinh
hinh, nhung khi dugc két tinh c6 huéng din sé c6 dang tinh thé (xitan).

3. Céc ki€u mang tinh thé :

Dua vao ban chat cdc ti€u phan & nit mang va lyc lién két giita ching,
ngudi ta chia mang tinh thé thanh 4 ki€u chinh : mang nguyén t&, mang phan td,

mang ion, mang kim loati...

a. Mang nguyén ti

- Mang nguyén ti dudc tao thanh tir nhitng nguyén tif lién k&t v6i nhau bing
I lién két cong hoéa tri. Quy luit phan bS cdc nguyén tif trong mang tinh thé dudc
quyét dinh béi ki€u lai héa cic orbital clia nguyén ti.

- SO phdi tri (s6 ti€u phan bao quanh gan nhit ddi vé6i ion trung tim) clia
nguyén tif biing s6 lién két 6 tao thanh bdi cdc nguyén ti.

Vi trong mang nguyén ti, tit cd cdc tiéu phan lién k&t cong héa tri vdi nhau
nén toan b tinh thé c6 thé xem 12 1 phan ti khdng 16 rat bén ving. Do d6, cdc chat
c6 mang nguyén tif déu ciing, khé néng chdy, khé bay hdi va hau nhu khong tan
trong bat cit dung mdi nao.

Vidu : Kim cuong, Si, Ge, ZnS, SiC...

b. Mang phén tit

ThS. Ho Thi Bich Ngoc Khoa Hod hoc



Jlod dai ecicong B - 217 -

Mang phin tif ¢6 cdc ti€u phin ciu tric 12 nhitng phan t& (d6i véi khi trd 1a
nhitng nguyén t), chiing hiit nhau bing lién k&t y€u Vander Waals. Do d6, chit ¢6
mang phan tif d& néng chdy, dé bay hdi, mém va dé tan.

Vidu : H,, Oy, Ny, Hal, khi trg, CO,... rin.

c. Mang ion

- Mang ion dugc tao thanh tir nhitng ion ngugc dau ludn phién nim tai cdc
nit mang va lién két v6i nhau bing Iyc hit tinh dién.

- C6 s6 phoi tri cao (do lién két ion khong bio hoa va khong dinh hudng),
mdi ion dugc bao quanh bdi s& 16n ion ngugc dAu nén toin bo tinh thé ion ciing 1a 1
phan tif khdng 16 bén viing, c6 nhiét dd néng chiy — nhiét dd so6i khd cao, do ciing
16n, mot s6 16n dé tan va dién ly manh trong nu6c, c6 tinh din dién & trang thai
néng chay va trong dung dich.

Vi du : NaCl, Csl, Halogenua kim loai kiém...

d. Mang kim loai

- Mang kim loai dudc dic trung bang céc ion duong (hay néi 1a nguyén ti
ciing dudc) nim tai nit mang va lién két gifta ching 1a lién két kim loai. Do d6,
kim loai c6 nhitng tinh chat rit dic trung nhu 4nh kim, din dién va din nhiét tot,
déo, d& kéo dai, dé dat méng... va toan bo khdi kim loai ciing c6 thé xem 13 mot
phan ti khdng 16.

- Trong tinh thé kim loai, cdc nguyén tif c6 khuynh huéng sip x&p thé€ nao
cho st sao nhat (tifc 12 nhiéu nguyén ti va it khodng trong nhat trong 1 6 cd ban),
do d6 cdc kim loai déu c6 1 trong 3 ki€u mang dic khit 1a luc phuong, 1ap phuong
tdm dién va 1ap phuong tAm khoi.

- Mang kim loai ciing c6 s6 phoi tri cao.

Vi du : Mang luc phuong va 1ap phuong tdm dién c6 s6 phdi tri 1a 12; mang
lap phuong tim khdi c6 s6 phoi tri 8.
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CHUONG IIL. PONG LUC - CHIEU HUGNG VA TOC PO
CUA QUA TRINH

Nhiét dong hoc nhim nghién cttu nhitng quy luat vé sy trao d6i ning luong
gitta hé vi moi trudng ciing nhu sy chuyén héa nhiét ning thanh cdc dang ning
lugng khac. Nhi€t dong hoc dua trén 2 nguyén 1y:

- N&u trong mot qud trinh ndo d6 ma c6 mdt dang ning lugng da mat di thi
thay cho né phdi c6 mot dang ning lugng khic xudt hién véi ludng tuong duong
nghi€ém ngit.

- Nhiét khong thé chuyén tir vat thé ngudi hon sang vat thé néng hon. Céc
qud trinh héa hoc, dic biét 1a cdc phan Gng héa hoc thudng xdy ra c6 kém theo hién
tuong phat hay thu nidng lugng dudi dang nay hay dang khac (thudng la dudi dang
nhiét). Lugng nhiét phét ra hay thu vao trong cic qué trinh héa hoc dudc goi 1a hié¢u
tng nhiét.

Viéc nghién ctu hiéu ng nhiét ctia cdc qud trinh héa hoc cho phép xac dinh
ning lugng lién két, hi€u duge cAu tao va kha ning tuong tic clia cdc chat, xdc dinh

& mitc dd nao d6 chiéu huéng clia cdc qud trinh héa hoc.

I. HIEU UNG NHIET

1. Cac khai niém :
a. H¢

- Hé 12 mdt phan vii tru duge nghién citu, xem xét. Phian con lai 12 moi

trudng.
- Hé kin 1a hé khong c6 trao ddi chat nhung c6 thé trao ddi ning luong vdi
moi trudng.

- Hé hd 12 hé c6 trao di chat va ning lugng v6i moi trudng bén ngoai.

b. Ndng luong
Ning lugng 1a thuc do van dong clia chat.
- C6 nhiéu dang ning lugng:

+ Pong niing 1a ning lugng dic trung cho mot vat dang chuyén dong (Eq=1/2
sz).
+Th€ nidng 12 ning lugng ma hé c¢6 do vi tri cla né trong trudng luc
(E=mgh).

+ Dién ning 12 ning lugng clia cdc ti€u phan tich dién (eletron, ion...)
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+ Héa ning 12 ning lugng gin lién vdi qud trinh bién d6i chat.

- Niing lugng toan phan cia mdt hé gém :

+ Pong ning cua toan bd hé.

+ Thé& niing do vi tri clia hé trong trudng luc ngoai.

Téng ddng ning va thé ning cla hé dugc goi 12 ngoai ning.

+ Noi ning (ning lugng dy trit bén trong clia hé) : ning luong chuyén dong
tinh tién, chuyén dong quay clia cic phan tir; chuén dong quay va chuyén dong
giao dong clia cdc nguyén t bén trong phan ti; chuyén dong cda dién ti trong
nguyén tr; ning lugng bén trong hat nhan. Tém lai, ndi nidng la ning lugng toan
phan ctia hé trir ddng ning va th& ning toan hé.

- C6 2 cich chuyén ning ludng :

+ Né&u su chuyén ning lugng c6 lién quan dén sy di chuyén mot hé co hoc
thi st chuyén ning luong dugc thuc hién dudi dang cong.

Vidu :Cong ning mot vat Ién cao, cdng gidn nd chat khi chong 4p suit
ngoat...

+ Né&u sy chuyén ning lugng c6 lién quan dén viéc ting tdc dd chuyén dong
cia phan tf & vat nhan ning lugng thi sy chuyén ning lugng dugc thyc hién dusi
dang nhiét.

Nhiét va cong gin lién véi cdc qud trinh : chiing phu thudc vao céch tién
hanh. Vi vdy, nhiét va cong la cdc ham qu4 trinh.

Ning lugng 1a thudc tinh mot hé, né c6 mot gid tri xdc dinh ddi v6i mdi
trang thdi cia hé. Su bién thién ning luong chi phu thudc trang thdi dau, trang thai
cudi ctia hé chit khong phu thudc vao cdch ti€n hanh. Vi viy, ning lugng 1a ham
trang thai ctia hé.

Vi du : Phan tng Zn(r) + CuSOy (d°) = Cu(r) + ZnSO4(d?)

Néu dién ra trong mot binh phan dng & 25°C, latm thi khong xdy ra mot
cdng nao va téa ra mot lugng nhiét 1a 55,2 kcal/mol.

Néu dién ra trong nguyén td Ganvanic thi né sé tao ra mot cong dién tuong
duong 50,4 kcal/mol va chi tda ra mot lugng nhiét 1a 4,8 kcal/mol.

Trong cd 2 trudng hgp, ning lugng déu gidm 55,2 kcal/mol.

2. Nguyén 1y I nhiét dong hoc — ndi ning, entanpy :

Nhiét héa hoc nghién citu sy chuyén héa tuong hd giita nhiét va cong. Cd sé

dé nghién citu sy chuyén héa dé 1a nguyén 1y I nhiét dong hoc :
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Khi cung cip cho hé mdt lugng nhiét 13 Q thi nhiét ning nay sé tiéu ton dé
lam ting ndi ning AU clia hé va dé thuc hién cong A chdng lai cdc tir Iyc tir bén
ngoai tic dong 1én hé:

Q = AU+ A

Quy udc : HEé nhan nhiét Q>0; Hé sinh cong A>0.

Coéng A d6i véi cdc qué trinh héa hoc chd yéu la cong chéng 4p suat bén

ngoai. Khi chuyén hé tir trang thdi 1 sang trang thdi 2 thi cong A Ia :

A= f pdv

- Né&u céc qua trinh héa hoc dién ra & diéu kién V=const (qué trinh ding
tich) thi :
A = 0
Qy = AU = U, - U,

Nhu vdy, nhiét ma hé thu vio trong qud trinh ding tich dung d€ ting noi

ning cua hé.
- Né&u cdc qud trinh héa hoc dién ra & diéu kién p = const (qua trinh ding dp
thi :

A= Pdv=p(y,-\,) = AV

AV : Sy thay ddi thé tich trong qué trinh

AV = SV, - IV
Tir d6 : Q = AU - PAV = U,-
Ui+ PV, - PV,
bit : H = U + PV
Thi : Qp_ = H, - H, =
AH

H dudc goi la entanpy.
Nhu vay, nhiét cung cap cho hé trong qud trinh héa hoc ding dp dung dé
tang entanpy.
K&t luén :
* Né&u phan tng ti€n hanh trong diéu kién ding tich, sy bién ddi ning lugng 1a
bién d6i ndi ning clia hé.
- Né&u phén tng thu nhiét, ndi niing ctia hé ting (AU > 0);
- N&u phdn tng tda nhiét, ndi ning clia hé gidm (AU < 0).
* N&u phan tng ti€n hanh trong diéu kién ding 4p, su bi€n ddi ning lugng 1a

g A A
bi€n doi entanpy cta hé.
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- N&u phdn ting thu nhiét, entanpy ctia hé ting (AH > 0);

- Né&u phén tng tda nhiét, entanpy ctia hé gidm (AH < 0);

To6m lai nhié€t lugng ma hé thu vao (hay phét ra) trong qué trinh héa hoc dudc
diing d€ thay ddi ndi ning va entanpy. Vay hiéu ting nhiét clia qua trinh héa hoc
dugc xdc dinh bing d6 thay ddi cia U va H.

* Trong phan tng chi c6 mit cht 1dng va chat rin (su thay ddi thé tich khong
dang ké) thi :

AH = AU
Trong phan ting c6 chit khi thi AU va AH c6 thé kh4c nhau nhiéu :

AH = AU + AnRT
An : Bién thién s6 mol khi.
R : Hing s6 khi R = 1,987 cal/mol do.

Trong thyc t&€ héa hoc, ta thudng gip cic qud trinh ddng 4p nén dé€ x4c dinh

hiéu ng nhiét ctia cdc qua trinh héa hoc, chi yé&u ta chi xét sy thay d6i entanpy.

3. Hiéu itng nhiét phan iing — Phuong trinh nhiét héa hoc:
- Hiéu ting nhiét phédn tng 1a nhiét lugng phat ra hay thu vao clia mot phan

ung héa hoc.

* N&u qué trinh 13 phét nhiét, hiéu ¥ng nhiét dugc ghi v6i dau trix (-) chi sy
gidm entanpy.

* N&u qu4 trinh 1a thu nhiét, hiéu &ng nhiét dugc ghi v6i dau cong (+) chi sy
tang entanpy.

Nhiét lugng c6 don vi KJ hay kcal (1kcal = 4,184 KJ).

- Phuong trinh nhiét héa hoc 1a phudng trinh phén tng cé ghi hiéu Gng nhiét
va trang thdi tdp hdp clia cdc chit tham gia phdn ng va sdn phAm phan tng.

Pé tién so sdnh hiéu ng nhiét clia cdc qud trinh héa hoc khdc nhau, dai
lugng hiéu ng nhiét thudng dugc tinh véi 1 mol hgp chat, & nhiét do 25°C va ap
suit latm. Hiéu ¢ing nhiét ndy dugc goi 12 hiéu @ng nhiét tiéu chuin:AH g

Vidu : Zn(r) + 2HCI(k) ZnCly(d%) + Hay(k) ;

AH"505=36,5 kcal

1/2H,(k) + 1/2Clx(k) = HCI(k);
AH"595=-22,2 kcal
+Chiy: - Hiéu tng nhiét ty 1& v6i khéi lugng cla cdc chit phdn tng

va sdn pha&m phdn tng. Vi vay, dai lugng hiéu ng nhiét khong tiéu chuin can dudc
ghi vdi gid tri tuong ng khdi lugng cda chiing.
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Vidu:Hyk) + Clyk) = 2HCI(k) : AH = -44 4
kcal

4. Nhiét tao thanh va nhiét dot chay:
- Nhiét tao thanh 12 hiéu tng nhiét clia phan ng tao thanh 1 mol chat tir cdc

don chat ting véi trang thdi tw do bén vitng nhat.
Ky hiéu nhiét tao thanh tiéu chudn (AH»08)y.
Vidu:As(r) +3/2CL(k) = AsCls(l) ; AHj05=-
8,02kcal=(AH"08),AsCls

Nhiét tao thanh clia cdc don chit bén & diéu kién chuin dugc chap nhan 1a

Vi du : C(gr), Bra(1) 6 (AH"208)=0

- Nhiét d6t chdy 12 hiéu ¢ng nhiét ca phdn ng dot chdy bing oxy 1 mol
chat hitu co dé tao thanh khi CO,, nudc 16ng va mdt s& san phdm khic.

Vidu : CoHg(k) + 3/20,(k) =2CO,(k) + 2H,0(); AH02982—372,82kca1

=(AH"98)a.CsHs

5. Cac dinh luit nhiét héa hoc :

Co sd cida tinh todn nhiét héa hoc 1a cdc dinh luat nhiét héa hoc, trong d6

chi y&u 1a dinh luat Hess.

a. Dinh ludt Lavoisier — Laplace
"Ludng nhiét phadn hiy mot chit thanh cdc nguyén t§ bing lugng nhiét tao
thanh hop chit d6 tir cdc nguyén 6"
Vidu:1/2Hy(k) + 12I,(k) = HI(k) ; AHy(HI) = 6,2kcal
HIK) = 12H®k) + 12L%K)
;AHph(HI) = -6,2kcal

b. Dinh ludt Hess

"Né&u c6 nhiéu cich d€ chuyén nhitng chat ban diu thanh nhitng sin phim
cudi cling gidng nhau thi hiéu ¥ng nhiét tdng cdng theo cich nao ciing nhu nhau" (&
cuing diéu kién nhiét do, 4p suat).

No6i cach khac "Hiéu tng nhiét ca qua trinh hda hoc chi phu thudc vao ban
chit va trang thdi cla cdc chit dau va sdn pham chit khong phu thudc vao dudng
di".
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Vi du : Gid sit c6 Intg Na; 0,5ptg H, va 0,5ptg O,. Hay diéu ché& 1ptg NaOH
va xdc dinh hiéu tng nhiét cia phan tng diéu ch&€ NaOH.
Giai

- Phuong phép 1 :

Na(r) + 1/20, = 1/2Na0y(r)
AH; =-60,3 kcal

12Ha(k)  + 1/404(K)
AH; = -34,1 kcal

1/2Na0y(r) + 1/2H,0(1)

1/2H,0(1) ;

NaOH(r) + 1/40,(k);

AH;=-7,6 kcal
Cong 3 phuong trinh trén :
Na(r) + 1/2Ha(k) + 1/205(k) = NaOH(r) ;AH=AH;+AH; =-102 kcal
- Phuong phédp 2 :
Ha(k) + 1/20,(k) = H,0(k) ; AH, = -
68,3 kcal

Na(r) + H,O() =
NaOH(r)+1/2Hx(k) ;AH; =-33,7 kcal
Cong 2 phuong trinh trén :
Na(r) + 1/2Ha(k) + 1/205(k) = NaOH(r) ;AH=AH,+AH, =-102 kcal
Véi 2 phuong phdp diéu ché& khic nhau, hiéu ¢ng nhiét clia phan ng déu 1a
~102 keal(AH 03).

* Hé qud cua dinh luit Hess :

- Hiéu tng nhiét phan Gng bing tdng nhiét tao thianh cla cdc sdn phdm phin
ting trir di tng nhiét tao thanh cla cac chit du.
- Hiéu ting nhiét phan @ing biing tong nhiét d6t chdy clia cdc chat dau trir di

tong nhiét dot chdy clia cic san pham phan tng.

Phan ting tong qudt : aA + bB +... = cC +dD...
AHY = S(AH%), - Z(AH )ca
= (cAH 4(c) + d(AH yp) — (@AH ya) +
bAH ()
Hay AH’ = Z(AHOdc)cd - 2(AHOqc)sp
= (aAHsn)  + b(AH 4eqm)) — (cAH ge(c) +
dAH 4e(p)
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IL. CHIEU TU DIEN BIEN CUA CAC PHAN UNG HOA HOC

1. Chiéu tu dién bi€n ciia cdc qu4 trinh:
Cho dén cudi thé ky 19, khi khdi quét héa cdc dit kién thuc nghiém vé hiéu

ing nhiét phdn tng héa hoc, ngudi ta thdy § diéu kién nhiét d6 khong ddi, chi
nhitng phan tng tda nhiét (AH < 0) méi c¢6 kha ning tu dién bi€n, con cdc phén ng
thu nhiét (AH > 0) chi x4y ra khi dugc cung c4p ning lugng tir bén ngoai cho hé. Tur
d6, Marcelin Berthelot phat bi€u qui tic "Cdc phan @ng héa hoc chi ty dién bién
theo chiéu tda nhiét".

Trong thuc t&, da s6 cdc phdn tng héa hoc ty dién bi€n 1a phin Gng tda
nhiét (d6t chdy nguyén liéu, cic qud trinh héa hoc xay ra trong co thé...)

Tuy nhién, cling ¢6 mot s6 qua trinh thu nhiét cling t dién bié&n.

Vidu:N,O5 = )NO; + 1720, , AH = +9,7 kcal

Céc tinh thé mu6i NH4Cl, NaNO; tu tan trong H,O lam dung dich lanh di 1o
rét, chit 16ng lanh di khi bay hdi...

Nhu vay, khong thé néi riing tit cd cdc qud trinh ty dién bi€n déu tda nhiét.

Mit khéc, nhiéu qud trinh tda nhiét ma khong tu dién bién.

Vidu: H,O(hoi) - H,O (16ng)

Hyk) +  1205(k) N H,0 (1)

Lai c6 nhitng qud trinh ty dién bi€n ma khong kém theo sy bién ddi ning
luong : cic khi trd tw khuéch tdn vio nhau & nhiét do, 4p suit khong ddi...

Tém lai, sy gidm ning lugng cta hé khong phdi 1a yé&u t6 duy nhit quyét
dinh chiéu huéng clia qud trinh. VAy yéu td thit hai cling 4nh hudng dén chiéu ty
dién bién clia qua trinh la gi ?

Xét cac trudng hdp sau :

- b€ dé hinh dung, ngudi ta so sdnh mot hé nhiét dong v6i mot cd bai. Véi
mot c6 bai c6 thé ¢6 2 trang thai vi mo khac nhau :

* Trang thai trat ty : Cdc quan bai dugc sip x&p theo trat tw c6 dinh.

* Trang thdi mat trdt ty : C4c quan bai dudc x&p theo trat tw ngu nhién, ¢
vd s6 cdch x&p bai ki€u nay. Khi ddnh bai, mot cach ty nhién cd bai chuyén tir
trang thdi trat tu (12 trang théi c6 xdc suat nhd) sang mat trit tu (12 trang thdi cé xdc
suat 16n).

- Mot hé ¢o 1ap gdm hai chit khi khong tdc dung v6i nhau (VD : Ar va He
phan cdch nhau bdi mdt vach ngin) khi bd vdch ngin, cdc khi ty tron 14n vao nhau,
sau mot thdi gian ca heli 1An argon dugc phin bd trong toan thé tich.

Céc khi bi phan Cdch c6 trat ty hon : trong mot thé tich 16n hon, mdi phan ti

khi c6 thé chi€m nhiéu vi tri hon...
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Vay khuynh huéng tu nhién ciia cac khi 13 chuyén tif trang théi trat tu sang
trang thai mat trat ty.

- Trong cac qud trinh néng chdy, bay hdi, thing hoa, phén ly... tinh trit tu
clia hé gidm, tinh mAt trat ty cda hé ting 1én.

Nhitng diéu vira trinh bay trén phdn d4nh mdt qui luat khdc cla ty nhién :
Qud trinh ty nhién x4y ra theo chiéu tir trang thdi c6 x4c sudt nhd dén trang thdi c6
xdc suét 16n hon; Tic 1a dén trang thai v6i do hdon don 16n nhat ctia sy phan bd céc
phan tir.

Tir d6 ta thay ring : Chiéu ty dién bién cla cdc phdn tng héa hoc dudc xdc
dinh bing su tdc dong téng hop clia 2 yé&u t& : khuynh huéng chuyén hé dén trang
thdi c6 ning lugng nhd nhit va khuynh huéng dat dé€n trang thdi c6 x4c suit 16n
nhat.

Vidu :Phanting N, +3H,; < 2NH; ; AH = -10,5 kcal

Phén ting dién ra theo chiéu thuin tao thanh NHj3 13 ¢ing véi ning lugng nhd
nhit cda hé. Tuy nhién, trang thdi cé x4c sudt 16n nhat lai ¢ng véi chiéu nghich
phan hity hoan toan NH3 (s6 phan tif khi ting 1&én 2 1an). Do tdc dong clia cd 2 yé&u
td, can bing dugc thiét 14p tng vdi ty 1& ndng d6 xdc dinh clia tit cd cdc chat &

nhiét do khdo sit.

2. Entropy va ning lugng tu do Gibbs :
a. Entropy

Thong thudng Gng véi mot trang thdi vi md clia hé c¢6 mot s6 rit 16n cdc
trang th4i vi mo (w). D6 1a do trong nhitng lugng vi mo chat, s6 phan tif 1a vo cling
16n, vi tri va t6c do clia chiing rat khdc nhau.

D€ dic trung cho trang thdi cda hé thuan Idi hon, ngudi ta ding dai lugng ty
1& thudn vdéi logarit cda xdc xuat thyc hién trang thdi vi mo nghién citu. Pai lugng

nay goi la Entropy (S).

S = klnw = Inw
N
k : Hing s6 Boltzmann k =1,38.10% J/k
R : Hing so khi , R = 1,987 cal/mol
do
N : S6 Avogadro , N = 6,023.10%
pti/mol
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~ ~, e A N 4. , .0
w : Xdc sult trang thédi ctia hé (s0 trang thdi clia cdc ti€u

phan tao nén trang thdi toan hé trong thdi diém da chon).

b. Ndng luong tu do Gibbs

Néng lugng ty do Gibbs (G) li€n hé v6i Entropy, Entropy va nhiét do qua
biéu thtc :

G = H - TS

Néu phan tng thyc hién & dp sudt va nhiét @6 khong d6i thi bién thién ning

luong tu do Gibbs (th€ ddng nhiét ding 4p, thé ding 4p) sé bing :
AG = AH - TAS
DAy 1a phuong trinh cd ban ctia nhiét dong hoc. Phuong trinh nay thé hién diy

dd ¥ nghia cta nguyén 1y II nhiét dong hoc :"Trong qué trinh nhiét dong, khéng
phai tat c3 lugng nhiét (AH) dudc chuyén thanh cong (AG) ma con mot lugng khong
thé chuyén thanh cong dugc (TAS)".

3. Su thay ddi thé ding 4p va diéu kién dién bi€n ciia qui trinh héa
hoc :

T cdc biéu thic ctia nguyén 1y I va nguyén 1y 11, ngudi ta rit ra :
A’ < -AG
A’ : Cong c6 ich ma hé thyc hién trong qu4 trinh ding nhiét.
Nhu viy, tiéu chudn d€ xét qua trinh c6 thé tu xdy ra hay khong tu x4y ra trong

hé & diéu kién nhiét dd va 4p suat khong ddi 1a do thay ddi thé ding ap.

AG < 0: Quia trinh tu x4y ra.
AG>0: Qua trinh khong thé tu x3y ra.
AG =0: hay khi AH =TAS thi hé dat trang thai cin bing (ltc d6 ning

lugng tu do G dat gi4 tri cuc ti€u va khong thay ddi nita).
Tu phuong trinh ¢d ban ctia nhiét dong hoc, ta thdy :
+ O nhiét do thap (T nhd), TAS ciing nhd c6 thé bd qua.
AG ~ AH ; AH < 0 va AG < 0 : phan tng phdt nhiét ty dién bién,
khi d6 ta c6 quy tic Berthelot, phan tng tw dién bi&n theo chiéu tda nhiét
+0 nhiét o cao (T Ién), ta c6 :
IAHI << ITASI
= AG r -TAS
AG<0 khi TAS>0 hay AS>0 : phan tng tu dién bién theo chiéu ting Entropy.
Chd y ring gid tri AG Am cda phédn dng chi cho biét phdn @ng c6 kha niing xay

ra.
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Vidu: NO(k) + 1/20,(k)
ey

NOy(k); AG = -8.3 kcal

H,(k) + 1/20,(k) H,O(k); AG = -54,63 kcal
(2)

Mic di AG cta (2) 4m hon (1) rt nhiéu, nhung & nhiét do 25°C, thuc t&
phan tng (2) khong x4y ra, con phan tng (1) x4y ra rat dé dang.

Vay lam th& nao dé€ nhitng phan ting vé nguyén tic c6 kha ning xdy ra c6
thé xdy ra dugc ? van dé 1a phai tim cach ting toc dd phan Gng bing cich ting
nhiét do, ndng d6 chat tdc dung, st dung xic tdc. Pong héa hoc chinh 1a hoc thuyét

vé téc do phan ing héa hoc.

IIL. PONG HOA HOC

1. Téc do phdn dng :
T6c dd phén dng 1a dai lugng dic trung cho dién bi€n nhanh hay cham ctia

mdt phan tng. N6 dugc do bing do bi€n thién ndng d6 clia chit phdn tng hay sdn
ph4m phén ting trong mdt don vi thdi gian.
Phdn tng tdng quat :

aA  + bB - cC + dD
Ta c6 toc do trung binh :
— 1 ACa 1 ACg 1 AC, 1 ACp
T oA T b At AL d A
T6c @6 tide thdi cia phdn tng dugc tinh bing vi phan clia ndng do theo thdi
gian :
1 dCa 1 dCp
T T a

2. Cac yéu to anh huéng dén toc do phan Wng:

T6c do phan tng khong nhitng phu thudc vao ban chit cdc chit phdn tng
ma con phu thudc vao nhiéu y&u t& khdc nita nhu ndng d6 cdc chit phan tng, ap
sudt (d6i v6i phdn tng c6 chat khi tham gia), nhiét do, xtc tdc, tap chat, d6 min (d6i
v6i phin tng c6 chdt rin tham gia), moi trudng (d6i vdi phan tng trong dung dich)...
Trong d6 ¢6 3 yéu td c6 4nh hudng quan trong nhit d6i véi moi qua trinh héa hoc :

ndng do chat phan ng, nhiét do, xic tic.
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a. Anh huéng ciia ndng dp chat phén ving

- Pinh luit tdc dung khdi lugng (Guildberg — Waage 1864 — 1867) : "Trong
hé ddng thé, & nhiét do khong d6i, toc dd phan tng ty 1& thuin vdi tich s6 ndng do
cdc chat phdn ing kém theo s& mii biing hé so ty lugng clia ching trong phudng
trinh phén dng".

Phan tng tong quit : aA o+ bB —> cC + dD
v =
kC*AC"s
Ca, Cg : Nong d6 chit phan ting & thsi diém xéc dinh v.
k : Hé s0 ti 1& (hiing s tdc do).
Vidu: H, + L — 2HI
v =
kCiCr2
Phén dng thudn nghich : aA + bB < cC + dD
\4 = Vi
B, Vi
O thoi diém can bing Vi = Vi nén v =

- Hiing s6 tdc¢ do k : GI4 tri cta k chi phu thudc ban chit cdc chat tic dung

va nhiét do :

K _ 7o ERT (SR
Z : Hé so ty 1& vdi tdng s6 va cham giifa cac ti€u phan trong don vi thai
gian, don vi thé tich.
E* : Ning ludng hoat héa ctia phan tGng (ning lugng t6i thi€u can cung

cho céc ti€u phan d€ chiing trd thanh hoat dong (c6 kh3 ning phin &ng) va c6 thé
tuong tac v4éi nhau.

S : Entropy hoat hda cia phéan tng (s dinh huéng khong gian thuin 1gi
khi va cham cia céc ti€u phan hoat dong).

Do 16n clia k biing toc dd phan ng khi ndng dd cédc chit tic dung bing don
vi.

- Gidi thich 4nh hudng cla ndng do ddi vdi toc d6 phan dng:

Theo thuyét hoat héa, khi ndng dd cdc chit phan ng ting thi tdng s ti€u
phan phdn ng ting nén s& va cham giita c4c ti€u phan va s6 ti€u phan hoat dong

ting, do d6 téc do phdn dng ting.
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b. Anh hudng cua nhiét do
Tu : k =
Khi ting nhiét do thi tdc dd phan ng cang ting do ting s6 ti€u phan hoat

-E*/RT _S*/R
Ze €

dong.

Vidu:2H,O + (0)) = 2H,0

& 20°C phan wng hdu nhu khong x4y ra nhung & 700°C lai x4y ra tdc thdi.

- Quy tic Van’t Hoff (1884) : "Khi ting nhiét do 1én 10° thi to¢ do trung
binh clia phan tng ting tir 2 d€n 4 1an".

Con s6 cu thé cho biét téc do phan tng trung binh ting Ién bao nhiéu 1an khi
nhiét do ting thém 10° dugc goi 12 hé s6 nhiét do (y) ctia phan dng :

Ki+ 10

= —=2+4
Y k.

K¢+ n.10
k
Tiur bi€u thifc nay, trong khodng nhiét do khong 16n, ta c6 thé tinh dugc tdc

n

'Y:

dd ting bao nhiéu lan va tinh dudc k & nhiét @ mong mudn.
Vi du : Hay xdc dinh k & 30°C va tinh t6c d6 phan tng ting bao nhiéu lin
khi ting nhiét do 1én 100°C d6i vdi phan tng phan hity N,Os

2N,05 = 4ANO, + 0,
k60° = 2,57.107 : k0° = 7,9.107
Gidi :
ko + 6.10 Kk 2,57.10°
= — - 2= = 32532
ko ko 7,9.10
1g 3253,2
lgy = —="" 0,585
6
Y — 100,585 — 3,85
= k30° = v’ko =

(3,85)°7,9.107 = 4,5.107
Khi ting nhiét do 1é€n 100°C thi téc dd sé tang lén :
o _ Ko+10.10 - (3.85)"
Ko
c. Anh huéng ciia chét xiic tdc
Téc dung chii y&u clia chit xidc tdc 1a 1am gidm ning lugng hoat héa clia

phan ting biing cdch thay ddi co ch€ phan ng 1am ting tdc dd phan tGng.
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- Chat xic tdc 1a chat khi thém vao phdn tng s& lam ting tdc dd phan ting

hay gy nén phan ting né€u vé mit nguyén tic phin ting c6 thé xay ra.

Vi du : Phan tGng gitra Al v a I, chi xdy ra khi ¢c6 mit hdi nuéc :
oAl Mg, = 2AIL
+ Phén loai :
* Chat xtic tdc dong thé : Chat xiic tdc ciing pha vdi hdn hop phan tng.
* Chat xic tac di thé : Chat xiic tidc c¢6 pha khic vé6i pha clia hdn hgp phan

+ Dic diém :

* Luong cht xic tac sit dung nhd hon lugng chat phan ng rat nhiu.

Vi du : D€ oxy héa 1.000.000 kg NH; thanh NO chi can 1kg Pt + Rh xiic téc.
* Chat xtic tdc khong thay ddi vé lugng ciing nhu vé thanh phan va tinh chat

héa hoc sau phan tng.

* M&i chat xdc tdc thudng chi ¢6 tdc dung d6i v6i 1 phdn ng nhat dinh

Vidu: C,HsOH AlLO3, 400°C C,H, +
——p
H,O
0
Cu, 200°C CH;CHO + H,O

Nhu vay, chat xtc tdc 1a chit 1am ting t6c dd phdn tng do tham gia vio

tudng tdc héa hoc véi cac chat phdn ing & giai doan trung gian nhung sau phan tng

né dudc phuc hoi lai va giit nguyén vé lugng ciing nhur vé thanh phin va tinh chit

héa hoc.

- C0 ché tao phiic chat trung gian hoat dong (xic tic dong thé).
Chat xdc tic két hgp vdi nhitng chat phidn ng tao thanh phiic chat hoat

dong trung gian méi : phic chit nay khong bén va tuy lugng bé nhung di thay ddi

d4ng k€& ning lugng hoat héa cdia phan tng.

Phan ting tong quit : A + B - AB
Khi khong c6 xuc tic : A + B - A.B -
AB,E',
Khi ¢6 xtc tac k : A + k - Ak —
Ak, E
Ak + B — AB.k — AB + Kk,
E';
E, + E, << E’| nén phin tng c6 xdc tdc xiy ra dé
hon.
_ A.B
!
.= A.K AB.K
ThS. Ho Thi/Bjch Ngoc Khoa Hod hoc
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IV. CAN BANG HOA HOC
1. Mot so6 khai niém:

a. Phan ting mot chiéu(phdn ting hoan toan)

- La phén ng héa hoc xdy ra ma két qué 1a toan bd hay mdt trong cdc chat
phan tng tdc dung hét va bién hoan toan thanh sin pham phan tng

Vidu : 2KCIO3 - 2KCl + 30,

Phdn tng x4y ra cho dén khi toan bd KCLO; phan hily ma khong ¢ hién
tudng ngudc lai, tic 1a KCI va O, két hgp véi nhau cho KCIOs.

- Viét phdn ting 1 chiéu, ta diing ddu =

b. Phan ting thudn nghich

- Phan ttng thuan nghich 1a phin &ng & cing nhitng diéu kién nhu nhau cé
thé x4y ra theo hai chiéu ngugc nhau.

- Khi viét phan tng thuan nghich ta ding dau &

— : Phan @ng thuén.
< : Phan @ng nghich.

Pa s6 cdc phdn tng héa hoc 1a cdc phén ng thuan nghich.

- Pic diém ctia phan tng thuin nghich 1a khong bao gid hét dudc cic chat
phdn tng ban diu tdc 1a ching khong thé bi€n hoan toan thanh sdn phdm (vi cic
san pham sinh ra lai tic dung v6i nhau d€ tao lai cic chit ban dau). Vi vay c6 thé
ndi phan dng thudn nghich la phan ¥ng khéng hoan toan.

Vi du : Phan dng H, + 5N 2HI x4y ra theo 2
chiéu

That ra, phdn @ng 1 chiéu ciing c6 thé xem 13 phin Gng thuin nghich ma

trong d6 c6 1 chiéu nao dé chi€m wu thé hiu nhu hoan toan.
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2. Trang thai cin bing héa hoc :

TAt cd cdc phan ng thuin nghich déu dién ra khong dén cling ma chi dién
ra cho dén khi dat dudc trang thdi cAn bing.

& thdi diém ban diu, toc d6 phin ng thuin (v, c6 gid tri cuc dai sau d6
gidm xudng do ndng d6 cic chit ddu gidm vi ching tao thanh cdc sin phaAm phin
ting. Ngugc lai, ddu tién toc dd phan tng nghich (v,) c¢6 gid tri cuc tiéu, toc do nay
ting 1én khi ting ndng dd cdc sin pham phan tng.

Nhu vay v, gidm va v, ting dén khi nao dat dugc v, =v,, lic dé ty 1& khoi
luong giita cdc chat phan tng vSi sdn pham phan tng khong thdy ddi nita & nhitng
diéu kién bénngoai (T°, P..) nhat dinh. Trang thai nay goi 1a trang thdi cin bing
héa hoc.

Can bing héa hoc 1a can bing dong vi khi dat dugc trang thdi cAn bing thi
phan tng héa hoc khong dirng lai ma cdc qud trinh thuin va nghich vin dién ra.

- V& phuong dién nhiét dong thi trang thdi cAn bing héa hoc ting véi AG=0.

- Dic trung cda trang th4i cin bing héa hoc.

+ Khong thay d6i theo thdi gian néu khong c6 diéu kién bén ngoai nio thay
doi.

+ Khi thay d&i cdc diéu kién bén ngoai thi trang th4i nay thay ddi nhung khi
cdc diéu kién bén ngoai dugc tdi 1ap thi trang thdi ban dau ciing dudc thiét 1ap lai.

+ DU di tir phia ndo lai d€ dat trang th4i cAn bing thi trang th4i nay ciing chi
la 1 ma théi.

Vidu:H, + 4 2HI

Néu 14y 1mol H, va 1 mol I, cho vao binh phén tng va d6t néng & 356°C thi
phan tng x4y ra cho dén khi tao dudc 80%HI (1,6 mol) va con lai 20% H, va I, (0,2
mol).

N&u 14y 2 mol HI cho vao binh phén ing va dét néng & 356°C thi phén tng
phéan ly HI x3y ra cho dén khi con 1,6 mol HI va tao thanh 0,2 mol Hy; 0,2 mol I,

ma thoi.

3. Hiing sb cin bing :

Trang thdi cAn bing cda qu4 trinh thuin nghich dugc dic trung bing hiing s6
cin bing.
Phén ting tong qudt : aA + bB S cC + dD: phdn tng ddng thé
xay ra trong dung dich.
Theo dinh luat tdc dung khdi lugng ta c6 :
vi = kC*AC"

ThS. Ho Thi Bich Ngoc Khoa Hod hoc
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Vo = koCcC
ki, k, : Hing s tdc dd phan tng thuan nghich; chi phu thudc ban chat chat
phén @ng va T°.

Khi can bing dugc thiét 1ap thi :

Vi = Vn
ktCaACbB = knCCCCdD
ki C°cC'
K= = 5 =const
kn C'AC's
K. : Hiing s6 can bing chi phu thudc ban chat hé phan tng va T°.

Néu phédn ting x4y ra trong hé ddng thé khi thi hiing s6 cin biing dudc ky

héu 1a k.

PP
C : Nong do cdc chat lic can bing.
P : Ap suft riéng phan cia cédc chit lic cin bing.

Néu trong phdn tng c6 cd chit khi va chat rin thi ta chi chd y dén 4p suat
riéng phan cda chit khi (vi 4p sudt riéng phan cla chat rin & t° nhat dinh 12 dai
lugng khong ddi, khong phu thudc vao ludng chat, da dudc thé hién trong k

Vi du : CaCOs(r) <_—) CaO(r) + COy(k)
K, = PCO,

- M6i lién hé giita k, va k.
Theo phuong trinh Clayperon — Mendeleev d6i vé6i khi 1y tudng
PV = nRT

N
P = e RT = CRT
A/
Thay C=P/RT vao biéu thifc k., ta c6

p. ¢ pp, ¢
) ( ——)

RT RT PCCPDd
K. = = —— 2 RT[(a+b)-(c+d)] > I
(P P PP PaBe
RT RT

K.=  KyRT)™
Hay |: K, ={K.RT""
Véi An = (c+d) — (a+b); hiéu s6 giita cdc hé s6 ty luong cla cic

san phAm phan &ng va cdc chit phan tng.
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- Nhu vay d6i v6i mdi phdn ng héa hoc, hiing s& cin bing 1a dai ludng
khong d6i & t° nhat dinh, khong phu thudc vao ndng do va dp suit cda cdc chat
phédn tng. Hing s& can bing cho biét phdn tng dién ra véi mitc do nhu thé nao va
cho phép tinh hiéu suét clia n6.

K cang I6n thi phdn tng dién ra cang siu, hiéu sut cang 16n.

K cang bé thi phdn tng dién ra cang bé, hiéu suat cang thap.

- Ciéc biéu thic hiing cin bing néi trén 1a cdc bi€u thic dinh luong do
Guildberg va Waage dé ra nim 1864 : "Khi mot hé ddng thé dat dén trang thdi cin
bing thi tich ndng dd clia cdc san phdm phadn tng chia cho tich ndng d6 cda cic
chdt ddu (v6i hé so ty lugng tuong dng) 12 1 hiing s& & t nhat dinh".

Vi du : Phan dng CO(k) + H,O <_—) COy(k) + Hy(k) c6 k = 7 G nhiét

Hiy tinh ndng dd céc chit lic cAn bing bi€t ndng dd ban dau cta H,O 1a 2,
ctia CO 1a 1 mol/l. N€u sau khi can bing thém vao hdn hgp lugng H,O tuong tng 2

mol/l thi ndng dd cdc chat s& thay d6i nhu thé nao ?

Gidi :
CO(k) + HZOﬁj() COx(k)+
Ha(k)
Nong do6 ban daul 2 0
0
Phén dng X X X
X
Nong d6 cAn bing 1-x 2-x X
X
X2
T awew
6x> - 21x + 14 = 0

Giaira ta dugc x; =2,6 va x,=0,9

Theo diéu kién dé bai da cho, ta chon x, = 0,9; ndng do cdc chat lic cin biing :

CCO, = CH, = 0,9 mol/l
CH,O = 1,1 mol/l
CCO = 0,1 mol/l.

Khi thém H,O vao thi ¢6 y mol H,O di phdn tng v6i y mol CO nén ndng dd
cin bing trong trudng hdp ndy :
CCO; = CH, = 0,9 + y
CH,0O = L1+2-y

ThS. Ho Thi Bich Ngoc Khoa Hod hoc
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cCco = 0l-y
Vi nhiét do khong thay ddi nén k khong thay ddi, ta c6 :
0,9 +y)’
K = ( y) _7

(3,1 -y)0,1 -y)

6y  + 242y + 1,36 = 0
Gidi ra, ta c6 : y; = 3,9 va y, = 0,06; chon y; = 0,06.
Nong do can bing ciia cdc chit khi thém 2 mol H,O 1a :
CCO, = CH; = 0,96 mol/l
CH,O = 3,04 mol/l
CcCco = 0,04 mol/l

4. Méi lién hé giita hiing s6 c(ﬁ_n biing va thé& ding 4p :

Phin Gng tong quat: aA+bB >  cC+dD
Theo phudng trinh ding nhiét Van’t Hoff
AG =  AG'+ PPh
RTIn P3P’

Khi 4p suét riéng phin cia cdc chit Py = Py = P. = Py = 1 atm thi AG=AG"

Vay AG 12 bién thién th€ ding dp cta phan @ng trong diéu kién 4p suit riéng

phin clia cdc chit khi tham gia déu bing latm.

Khi dat trang thdi cAn bang thi :

AG = 0

= AG’ = - [PJPp
= RTLK,
RTI, [PA]"[Pg]
AG’ = RTLK,= -2,3030RTIgK, = -4,576 TIgK,

Téng quit: AG =-RTIK,+ PSPy’
RTIn PA'Pg’

P : Ap suét riéng phan & diéu kién bat ky.

[Pl  : Ap sudtriéng phin & trang thdi cin bing.

Biéu thic trén 4p dung chinh xdc ddi véi K, con ddi véi K. chi d4p dung

trong trudng hdp An = 0 hay phéan tng dién ra trong dung dich (c6 thé 4p dung gan

ding véi K, trong cdc truong hgp khéc).
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Vi du : Phan tng 2NO,(k) (__) N,04(k)
AH"595(NO») = 8091 cal/mol ; $%208(NO») =
57,46 cal/mol
AH’205(NO»)
72,73 cal/mol
Hiy xem thit & t° phg’(298°k), phan tng c6 dién ra khong ? Né&u xay ra thi

2309 cal/mol ; S%08(N2O4)=

hiéu suét phan ¢ng 1a bao nhi€u ? tinh hing s6 cin bing K,.

Gidi :

AH 05 = 2309 — (2 x 8091) = -13873
cal/mol
AS 305 = 72,73 - (2 x 57,46) = 4219
cal/mol d6
= AG"ys = -13873+(298 x 42,19) = -1300

cal/mol
Vay & t° phg’ va PNO, = PN,O, = lat, phan tng dién ra theo chiéu thuin.
Hon hgp khi can bang duge dic trung bing hiing sd can bang K.

AG®595 = RTLK, = -4,576
TlgK,
- 1300
1gK, = =0,95
- 4,576 x 298
PN,O
Ky=10"7=89= ———
PNo2
= PN204 = 8,9 P2N02

Trong hdn hop khi can bing, luong N,O, nhiéu hon lugng NO,.

- Tinh hiéu suét :

Gia st 4p sudt riéng phin cta khi N,O, ting 1 lugng 12 x thi :
PN,O4 =x +1 va PNO,=1 -2x
I+x
(1 - 2x)*

K,=89=

35,6x" - 36x+7,9= 0
= x;=0,3vax,=0,7;chonx;=0,3
- Ap suit riéng phan cta khi lic cin bing:
PNO, = 1-0,6= 0,4 atm
PN,O4 = 1+0,3= 1,3 atm
Hiéu sudt phan tng dudc tinh theo d6 chuyén héa clia NO,.
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1 - [PNO,]
H= 1 x 100% =

x 100% = 60%

5. Su chuyén dich cén biing le Chatelier :

a. Nguyén Iy chuyén dich cdn bdng le Chatelier

Trang thdi can bing héa hoc s& khong thay ddi néu cic diéu kién bén ngoai
van giit nguyén. Khi thay déi 1 trong cdc diéu kién d6 (°, P, ndng do) thi trang thdi
cAn bing s& bi thay ddi do v, vd v, dudi tdc dung clia su thay ddi d6 s& bién ddi
khdc nhau. Sau mot thdi gian hé s& dat dén trang thdi cAn bing méi ing vSi nhitng
diéu kién méi.

Su thay ddi trang thdi cAn bing khi thay ddi diéu kién bén ngoai dugc goi 1a
si chuyén dich cin biing, tuan theo nguyén ly le Chatelier.

- Nguyén ly le Chatelier "Khi tdc dung tir ngoai vao hé can bing bing cdch
thay d6i mot diéu kién nio d6 quyét dinh vi tri cAn bing thi vi tri cAn biing cia hé

s& dich chuyén vé phia 1am gidm hiéu qui tdc dung".

b. Cdc yéu té’anh hudng dén cdn bdang héa hoc
+ Anh hudng ctia ndng do :

- P6i v6i hé can biing, néu ting (hay gidm) néng do clia 1 chat thi cAn bing

s& chuyén dich vé phia 1am gidm(hay ting) nong do chat dé.

- Xétphdning : aA+bB & cC +dD
Theo phuong trinh ddng nhiét Van’t Hoff
AG = AG’ + C°<C%
RTIn CA*C"
Khi cin bing AG =0
AG’ = -RTl, % = -RTL,K,
[CAl*[Cs]
AG = RTIK. + C°%C%
RTIn Ca'Cg’
Ting néng do clia A (chit phdn ng) thi AGO  : Phdn tng thuin x3y ra.

Ting ndng d6 ctia C (san pham phan tng) thi AG>0 :P.ing nghich x3y ra.

+ Anh hudng cia 4p suit :

- D61 v6i hé can bing clia cdc chat khi, khi ting 4p suat clia hé thi cAn bing

chuyén dich vé phia 1am gidm 4p suét (phia tao it phan t& khi hon), ngudc lai néu
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lam gidm 4p suit ctia hé thi cin bing chuyén dich vé phia ting 4p suit (phia tao
thanh nhi€u phan t& khi hon).
Néu phdn Wng c6 An = 0 thi su thay d6i 4p sudt cda hé khong gdy nén sy

chuyén dich can bing.

- Xétphdn ing : aA+bB & cC + dD
Gid st : a+b > c + d
Ta co:
AG = AG® + PP P°cP?
— = = RTIK,+Rln ———
RTlIl PA PB PA PB

Tang 4p suat 1én n 1an (n > 1) : 4p sudt riéng clia cdc khi déu ting n 1an nén
AG < 0 : phan tng theo chiéu thuin.

Né&u gidm 4p suit n 1an thi AG > 0 : phdn ting theo chiéu nghich (chiéu ting s&
phén tir khi).

+ Anh hudne ctia nhiét do :

- P6i v6i hé cin bing, néu ting nhiét dd thi cin bing sé chuyén dich vé phia

thu nhiét. Ngudc lai néu gidm nhiét do thi cin biing s& chuyén dich vé phia phat

nhiét.
- Dya vao biéu thic :
AG’ = 4,576 TIgK = AH" - TAS’
K — 1O—AH/4,576T 1OAS/4,576

Pic trung thay déi cin bing theo t° dugc quyét dinh béi thira s (1).
+ AH® < 0 (phén tng phat nhiét).
* Khi T° ting — thira s6 (1) gidm = K ting: Can bing chuyén ddi

theo chiéu nghich (chiéu thu nhiét).

* Khi T° giam =K ting : Can bing chuyén ddi theo chiéu thuin (chiéu phat
nhiét).

+ AH" > 0 (phan tng thu nhiét).

* Khi T° ting — thira s6 (1) ting = K ting : Phdn tng thuidn xdy ra
(chiéu thu nhiét).

* Khi T° gidm =K ting :Phan dng theo chiéu nghich (chiéu phét nhiét).
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CHUONG IV. DUNG DICH

LKHAI NIEM VE DUNG DICH

Dung dich 12 mot trang thdi cta cdc chat c¢6 ciu tric va tinh chat dic trung

riéng.
Dung dich 1a hé phan tdn nhung khong phdi hé phan tin nao ciing 1a dung
dich.

1.Hé phén tan:

a. Dinh nghia
Hé phan t4dn 12 hé trong d6 c6 it nhat mot chat phan bd (ch4t phan tdn) vao mot

chat khdc (mdi trudng phan tdn) du6i dang nhitng hat c6 kich thudc nhd bé.

b. Phan loai
C6 thé phan loai cic hé phan tdn dya vao:
- Trang thdi tAp hdp clia chat phan tdn va moi trudng phan tdn:
VD: Hé K-K, L-K, K-R, R-L, R-R...
K: khi; L:18ng; R: rin.

- Kich thudc hat phan tan:

+ Hé phan tdn tho: cdc hé phan tdn c6 kich thudc ¢d 10°+10%cm. Hé nay
khong bén vi kich thudc hat 16n nén dé 1ing xudng.

* Huyén phit: chat phan tdn 1a cht rin phan bd trong chat 16ng.

VD: Hé dat sét trong nudc.

* Nhil twdng: chat phan tdn 1a chat 16ng phan bd trong chit 1dng.

VD: Sita gdm cdc hat md 10 litng trong chit 1dng.

+ Hé phin tidn cao (h€ keo): c4dc hat phan tdn c6 kich thudc 107+ 10°cm.

Hé nay ciing khong bén vi cdc hat keo dé lién hgp nhau tao thanh nhitng hat c6
kich thudc 16n hon va ling xudng.

VD: Suong mu (L-K), khéi (R-K), gelatin, keo dén...

+ Hé phén tdn phan t& ion (dung dich phan t& ion, dung dich): cdc hat phan tan
¢6 kich thudc nhd hon 107 cm (kich thude ¢& phan ti ion) nén hé phan tdn tr§ thanh
ddng nhat vé thanh phan, ciu tao va tinh chit trong toan bd thé tich clia hé ciing
nhu 1am cho hé rit bén, khong bi pha hiy khi dé€ yén theo thdi gian.

VD: Dung dich mudi, dung dich dudng...

ThS. Ho Thi Bich Ngoc Khoa Hod hoc



Jlod dai ecicong B .45 -

2. Dung dich:
a.Dinh nghia

Dung dich 13 hé dong thé gdm hai hay nhiéu chit ma thanh phan cda ching c6
thé thay ddi trong gidi han rong.

Trong dung dich, chit phan tdn dugc goi 1a chit tan, moi trudng phan tén dugc
goi 12 dung mdi. Viéc phan biét chit tan, dung moi trong dung dich dua vao céc
tiéu chuén:

Dung moi ¢6 trang thdi tip hdp nhu trang thdi tip hdp cida dung dich.

VD: Dung dich NaCl: NaCl Ia chat tan; H,O 12 dung moi.

- Dung moi va chit tan cing trang thai tAp hdp: dung mdi dugc xem 1a chit c6
lugng nhiéu hon.

Phan loai:

Tuy theo trang thdi tAp hop clia chat tan va dung moi ma dung dich ¢6 ba loai:

- Dung dich khi: chit tan va dung mdi la chat khi.

VD: khong khi: 78%N,, 20%0,, 1%Xkhi tro...
- Dung dich rin: chat tan 12 cht 16ng, rin hay khi va dung mdi 13 chat rin.
VD: Hgp kim Au-Ag, thép khong ri (18% Cr, 9% Ni, 0,1% C trong Fe7)

- Dung dich 18ng: chat tan 13 chat khi, 16ng, rin va dung mdi 13 chit 1ong.
VD: Nuéc bién.
C6 y nghia va vai trd quan trong hon ca 1a cdc dung dich 16ng (dic biét véGi

dung méi 1a nudc). Do dé, chiing ta s& khdo st chii y&éu dung dich 16ng.

II. DUNG DICH LONG:

1. Su tao thanh dung dich l16ng - Hiéu ¥ng nhiét qua trinh hoa tan:

C6 thé xem su tao thanh dung dich 1dng gém hai qu trinh chinh:
- Qud trinh vat 1y: bao gdm su ph4 v& mang ludi tinh thé clia chat tan (hay cit

dut lién két giita cdc phan tif trong chit 16ng va chat khi), sy khuéch tdn vao dung
moi clia chit tan va dugc goi chung 13 su chuyén pha. Qua trinh nay cin tén ning
lugng (AHcp) dé pha vd mang 1u6i tinh thé.

- Qud trinh héa hoc: sy tuong tic giita tiéu phan chat tan va cdc phan ti dung
mdi. Tudng tdc nay dudc goi 1a su solvat héa hay hydrat héa (né€u dung moéi 1a
nuéc). Qua trinh nay tdéa ra mot lugng nhiét AH.

Céc hdp chét dudc tao thanh trong qud trinh solvat héa hay hydrat héa goi la
solvat hay hydrat.
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Nhiét qué trinh hoa tan biing tdng dai s6 hiéu ng nhiét ctia hai qué trinh trén:
AHp = AH, + AH;
Tuy theo gid tri clia AHe,va AHg ma nhiét hoa tan ca mot chit c6 thé 1a duong
hay am.
VD: AHp(NH4NO3) = 6,32 kcal/mol
AHp(KOH) = -13,3kcal/mol
Nhiét Iugng thodt ra hay thu vao khi hda tan mot mol chit dugc goi 1a nhiét

hoa tan cta chat dé.

2. Qu4 trinh hoa tan va cin biing hoa tan:

Xét sy hoa tan clia chit rin trong dung moi 1dng (nudc).

- Khi cho tinh thé chit rin A vao nudc thi cdc ti€u phian & 16p bé mit tinh thé
do su chuyén ddng nhiét clia ban than va 16p dudi tic dong tudng tic clia cic phan
tlf nu6c phan cuc sé& tich khéi bé mit tinh thé, khuéch tin vao nudc va dudc phan
bd déu trong toan bd thé tich dung mdi. Sy hoa tan ct thé ti€p dién.

- Ngugc lai véi qua trinh hoa tan 12 qud trinh két tlia xdy ra do trong dung dich,
céc ti€u phan chat A khi chuyén dong nhiét hdn loan c6 thé va cham vao bé mit
tinh thé va bi gii lai do luc hit ctia nhitng ti€u phan & 16p bé miit tinh thé.

Theo thdi gian, tdc dd clia qud trinh hoa tan ngay cang gidm din, téc do clia
qud trinh két tlia ngay cang ting dan. Khi tdc do cla hai qud trinh ndy ngang nhau

thi hé s€ dat trang thdi cin bing hoa tan.

hoa tan
Tinh thé chat A =S Dung dich chat A
K&t tha

Can bing hoa tan ciing 13 cin bing dong va dugc dic trung bing ty 1& nhat
dinh gitta lugng chat tan va lugng dung mdi & nhitng diéu kién bén ngoai xdc dinh.
Khi cin biing hoa tan dugc thiét 1ap thi chat tan thuc t&€ khong tan thém dudc nita.

Dung dich tng véi trang thdi nay goi dung dich bao hoa. Dung dich bao hoa la
mot hé bén (can bing thyc: AGp=0): dung dich c6 thé ton tai bao lau tily ¥ ma ndng
do vin khong d6i (8 T° va p ciia hé dugc duy tri khong ddi).

Dung dich ¢6 lugng chat tan thdp hon Iugng chat tan trong dung dich bdo hoa
goi 12 dung dich chua bio hoa. Dung dich nay c6 thé hoa tan thém mot lugng chit
tan nita ma khong can phai thay ddi diéu kién bén ngoii (AG,<0).

Khi ha nhiét d6 trong dung dich bdo hda cla modt s6 chit (Na»S,0s,
Na,B;07,..), lugng chat tan c6 du khong két tinh ngay, dung dich nhu vay goi 1a
dung dich qud bio hdoa. Dung dich qud bdo hoa 12 mot hé thong khong bén (cin
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bing gid: AGy>0), chi can khudy tron dung dich hay thém mot vai tinh thé nhé chat
tan vao thi lugng chit tan c6 du bit dau két tinh lai, qud trinh nay tiép tuc cho dén

khi ndng do dung dich dat ndng dd bao hoa & nhiét do do.

3. Nong d6 dung dich va cdch biéu dién:

a. Pinh nghia
Nong d6 dung dich 14 lugng chat tan trong mot lugng hay mot thé tich nhat dinh

cta dung dich hay dung moi.

b. Cdch biéu dién nong do
- Nong d6 % khdi lugng: chi s& phan khdi lugng chat tan trong 100 phan
khdi lugng dung dich.

C% = x 100
a+b
Trong dé: a : khoi lugng chat tan (g)
B : Khéi lugng dung moi (g)
- Nong do phan tit gam (ndng d6 mol) (M): chi s6 phan t&r gam chat tan trong 11
dung dich.
a x1000
VR,
Trong dé: a : khdi lugng chit tan (g)
M : Phan tif lugng chat tan
\ : Thé tich dung dich (ml)
Lién hé gitta Cy va C%
Cu-M
C%= —— x100
10d

Trong d6: d: khéi lugng riéng cla dung dich (g/cm’)

- Nong @6 molan (m): s6 phan tif gam chat tan trong 1000g dung mdi.

a x 1000
Cp= —————
M.b
Trong dé: a : 50 (g) chat tan hoa trong b (g) dung moi
M : phan tif gam chat tan

- Nong d6 phan tif (ndng d6 phan mol) (N;): cho biét ti s& gifta s6 phan tif gam
ctia mot chat (n;) trén tdng sd phan ti gam (En;) cda cdc chit tao thanh dung dich.
NI = n;
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ZDI
Zni =1
VD: Dung dich gdm hai ciu ti: chit tan A va dung mdi B.
na ng
Nyo= ——— ; Ng= ———— ; Nju+Ng=I
N,+ng na+ng

- Nong dd duong lugng (N): s& dudng lugng gam chit tan trong 11 dung dich.

a x 1000
Cn= ————
bV
b : duong lugng gam chat tan.
Cnb
10d

4. P6 tan va cic y€u td6 anh huéng dén do tan:

a.Dj tan
Do tan clia mot chat 1a ndng dd cla chat d6 trong dung dich bdo hoa § nhitng
diéu kién nhat dinh.
- Pon vi clia d6 tan: gidng don vi cia ndng dd ( C%, Cw,...). Thudng trong thuc
t& biéu dién bing s& gam chit tan trong 100g dung moi.
- Phén loai:
+ Chat dé tan: c¢6 do tan >10g/100g dung moi.
+ Chat khé tan: c6 do tan <1g/100g dung mdi.
+ ChAt hau nhu khong tan: c6 do tan <0,01g/100g dung mdi.

b. Cdc yéu to’anh hudng dén dp tan
- Anh huéng ciia bin chit chat tan va dung mdi:

Theo qui tic kinh nghiém: “Chat tuong tu tan trong chat tudng tu tic 1a cic

chat c¢6 khuynh huéng tan trong dung mdi c6 ban chit giéng minh”.

+ Nhitng dung mo6i 12 hgp chit cong héa tri khong cuc hay c6 cuc yéu sé hoa
tan manh cdc hop chat khong cuc hay phan cuc y€u, khong hoa tan cdc hgp chat
ion.

+ Nhitng dung moi c6 cuc manh sé hoa tan cdc hgp chit c¢é cuc hay ion va it
hoa tan cdc hgp chat khong cuc.

VD: Muéi dn (NaCl) tan t6t trong nuée.
C4c halogen dé tan trong cdc dung mdi hitu cd khong cuc:

Ce¢Hg, CHCls... nhung it tan trong nudc.
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- Anh hudng ciia nhiét d6 va 4p sudt:

+ Qua trinh hoa tan chit khi trong chit 1dng:
* Anh hudng ctia nhiét do
A (k) +D(d) < A(d®) , AHp<0

Khi ting nhiét do, cin bing chuyén ddi theo chiéu nghich nén dd ting gidm.

* Anh hudng cla 4p sudt
Khi hoa tan, thé tich ctia hé gidm nén khi ting dp suit cda khi thi do tan clia
khi ting l€n.

+ Qua trinh hoa tan chét 1dng trong chit 16ng:

Tuy theo ban chit ciia cdc chat 18ng, c6 thé x4y ra ba trudng hop:

* Hoa tan vO han: dic trung cho cdc dung dich 1y tudng(tolen- benzen), cédc
dung dich ¢6 tao thanh hdp chit héa hoc (rudu, nudc).

* Hoa tan c6 han.

* Khong hoa tan vao nhau: cdc chit c6 bdn chat hoan toan khiac nhau (md -
nudc, benzen- nudc,...).

Ta xét 4nh hudng cla nhiét d6 va 4p sudt ddi véi trudng hop hoa tan c6 han
(phd bién nhat):

* Anh hudng clia 4p sudt: khong phu thudc vao 4p suat.

* Anh hudng cia nhiét do: trong da sd trudng hop, khi ting nhiét do thi dd hoa
tan 1An nhau giita hai chit 16ng ting 1&én (do qué trinh thu nhiét).

+ Qu4 trinh hda tan clia chit rin trong chit 18ng:

* Anh hudng clia 4p suit: hAu nhu khong 4nh hudng.

* Anh huéng ctia nhiét d6: phian 16n chit rin c6 dd tan ting theo nhiét do
nhung véi mic do khac nhau.

C6 mdt sb it chat rin khi ting nhiét do thi do tan trong nuéc gidm xudng (qué
trinh hoa tan phat nhiét).

VD: Ca(OH),
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Trudng hop Na,SO, 1a trudng hgp dic biét: tir 0°C dén 32°C’ d6 tan nhanh theo
nhiét d6, nhung trén 32°C thi d6 tan gidm theo nhiét do.

N

v

10 20 30 40
T(C)

Do tir 0-32°C  : tinh thé€ chat tan 1a Na,SO..10H,O (AHp>0).
Trén 32°C : c4c tinh thé hydrat mat nudc bi€n thanh mudi khan
NaQSO4(AHh[<O).

IV. TINH CHAT DUNG DICH LONG, LOANG CHAT KHONG
DPIEN LY
Dung dich dudc hinh thanh tir chit tan va dung mdi c6 tinh chat khidc véi cdc

chit ban diu, diéu nay dudc chiing minh bdi cic hiéu tng nhiét, hiéu dng thé tich,
su thay d6i mau sic. Sy tuong tdc giita cdc tiéu phan chat tan va dung mdi 13 yéu t&
quan trong quyét dinh sy tao thanh dung dich, ciu tric va tinh chit cda dung dich.
Khi gidm lugng chit tan sé 1am yéu lyc tuong tic, vi vay ciu tric va tinh chat dung
dich don gidn hon. Thuc t&, cdc dung dich lodng cé ciu tric gan vdi ciu tric dung
mdi va c6 nhiéu tinh chat phu thudc vio néng dd dung dich nhu : 4p suit hoi bao
hoa, nhiét d6 soi, nhiét do dong dic, 4p suat thaim thau. Chiing ta s& nghién cifu céc

tinh chit nay.

1.Ap suit hdi biao hoa clia dung dich:

a.Khdi niém

Qua4 trinh bay hoi ty nhién clia chat 16ng nao ciing 1a qu4 trinh thuan nghich vi

ddng thdi v6i né bao gid ciling xay ra qua trinh ngung tu hdi :

bay hoi, AH>0
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Ngung tu, AH<0

Hoi tao thanh trén bé mit chit 18ng giy ra 4p suit hoi va khi qud trinh thuin
nghich trén dat trang thai cin bing (AGy,=0) thi 4p suét hdi dudc goi 1a 4p suit hoi
bdo hoa ctia chat 16ng.

Vay 4p sudt hoi bdo hoa 1a dai lugng dic trung cho sy bay hoi clia cdc chat
16ng, né 1a dai lugng khong ddi tai nhiét do nhat dinh.

b. Ap sudt hoi bao hoa ciia dung dich chiia chdt tan khéng bay hoi

(Chit tan dugc xem 12 khong bay hoi khi T ctia né 16n hon T% ciia dung moi
150°).

Thyc nghiém chitng té ring tai nhiét do6 nhat dinh, khi thém vao dung méi 16ng
mdt chat tan khong bay hoi, khong dién ly thi 4p sut hoi bdo hoa ctia dung mdi
trong dung dich s& gidm xudng.

- Gidi thich : viéc thém chit tan 1am cho ndng d6 tiéu phan tv do clia dung moi
(ndng dd dung mdi) gidm xudng; & trang thdi nguyén chat, ndng d6 phan mol cla
dung mdi No=1nhung & trang thai dung dich N;<1.

- Theo nguyén 1y Le Chelitelier, sy gidm néng dd dung moi 1am cho cin bing
L < H chuyén dich vé trdi (phia ngung tu hoi dé tao thém dung méi bii lai sy gidm
ndng d6 dung moi) nén lugng hoi dung mdi trén bé mit dung dich gidm, tifc 13 4p
suat hoi bdao hoa clia dung dich gidm.

Tém lai, & cling nhiét do, 4p suit hdi bao hoa ciia dung dich (P;) ludn nhé hon
4p sut hoi bdo hoa clia dung mdi nguyén chat (Py).

- Pinh luat Raoult I: Ap suit hoi bdo hoa ctia dung dich bing dp sut hdi bio
hoa clia dung mdi nguyén chit nhan véi phan mol ciia dung mdi trong dung dich.

P = PoN;
N;: Phan mol clia dung mdi trong dung dich.

N»: Phian mol ctia mot chat tan trong dung dich.

Ta ¢6: N, = I-N»
SN P, =  Py(1-Ny)
= Py- P AP
N, = Py - Py

D6 gidm tuong d6i 4p suit hdi bido hoa ctia dung dich biing phan mol ciia chat

tan trong dung dich.
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2. Nhiét do s6i va nhiét do dong diic cia dung dich

a.Khdi niéem
Nhiét do soi va nhiét do dong dic 1a nhitng dai lugng dic trung cho cin bing
bay hdi va héa rin clia chit 18ng nguyén chat.

gung tu, AH <0 Héa ran, AH < 0.

»

P | Dl
Bay hﬁ', AH >0 ~ No6ng chay, AH > 0

N
A g
I1

&
<

Nhiét do sdi clia chat 16ng 1a nhiét do & d6 4p sudt hoi bdo hoa clia né bing 4p
sudt bén ngoai.
Nhiét do dong dic cla chit 16ng 1a nhiét d6 & d6 4p suat hdi bao hoa cla pha
16ng bing cta pha rin.
Vidu: HO(): T = 100°C (ing vé6i 4p sudt bén ngoai 1at).
T°d = 0°C (ng v6i dp sudt hoi bio hoa clia nudc
16ng va nudc dé 1a 0,006 at).

b. Nhiét dj soi va nhiét dp dong ddc cua dung dich:
- Nhiét d6 so6i ctia dung dich ludén ludn cao hon clia dung mdi nguyén chat.
Nhiét do dong dic clia dung dich ludén ludn thap hon clia dung moi nguyén

chat.

- Gidi thich:

* Dung dich c6 4p suit hoi bao hoa nhd hon clia dung moéi nguyén chit nén
mudn cho 4p suit hdi cia n6 biing 4p suat bén ngodi can phai ting nhiét d6 dun soi
dung dich 1én nén dung dich c6 nhiét d sbi cao hon dung mdi nguyén chat.

Khi dung dich s6i, dung méi bay hdi, ndng do chat tan cang ting nén nhiét do
sO1 tdng dan. Nhiét dd bit dau so6i dugc goi 1a nhiét d6 so6i cua dung dich.

* P81 v6i qud trinh héa ridn, do 4p suit hoi bdo hoa clia dung dich nhd hon dp
suat hdi bao hoa ctia dung mdi nguyén chit, nén mudn cho 4p suit hdi bao hoa cla
pha rin (dung mdi rin) bing 4p suit hoi bdo hoa cda pha 16ng (dung dich) thi hoi
trén pha rin phdi ngung tu, do d6 phdi ha nhiét do clia hé xuéng tic 1a dung dich ¢6
nhiét do dong dic thap hon clia dung mdi nguyén chat.

Trong qué trinh héa rin, cdc tinh thé dung méi cang dugc tich ra nhiéu thi

ndng dd dung dich cang ting, 4p suit hoi bdo hoa clia dung mdi cang gidm nén
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nhiét d6 héa rin clia dung dich cang thap. Nhiét d6 bit dau héa rin dugc goi 1a
nhiét 36 dong dic clda dung dich.
- Pinh luit Raoult II: “P0 ting nhiét dd s6i va dd ha nhiét d6 dong dic ctua

dung dich ty 1& thuin vdi ndng dd chat tan trong dung dich”.

ATy = kCm
ATs = kaCr
Cn : ndng dd molan ctia dung dich
K, k¢ : Hing s6 nghiém sdi, nghiém dong (hé s6 ty 1& phu thudc vao ban

chat dung moi).
Vi du: Nudc co kqs=1,68
ks =0,52

3. Ap suit thAm thiu cta dung dich;

a. Hién tugng thdm thdu

- Hién tugng thim thau 13 sy khuéch tdn cdc phan tif dung modi qua ming bin
thAm ngin cich dung dich va dung mdi tinh khiét hay 2 dung dich c6 néng d6 khac
nhau.

- Mang ban thAm 12 mang chi cho cdc phan tt dung mdi di qua ma khong cho
céc tiu phan chat tan di qua (mang tao ra sy khuéch tan 1 chiéu).

b. Ap sudt thdm thdu

Cho vao c6c nuéc nguyén chat 1 cylent chita dung dich nudc dudng cé ddy bit

bing man tham va 1 piston c6 thé di chuyén tu do.

Pittong
L Xi lanh

\J

Dung dich

dudng
/
N

/
N

Nudc R 2 ~
Mang tham thau

Thi nghiém va su thdm thau va &p suat tham thau
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Hién tuong thim thau x4y ra: nudc tif c6c chuyén vio cylent va ddy piston 1én.
Cot nudc hinh thanh tao ra 4p suét thily tinh c6 tic dung ngudc lai v6i dp sudt thim
thau: né giy nén sy khuéch tdn cdc phan ti tif trong cylent ra coc. Khi cc nude dat
dd cao h nhat dinh thi td¢c dd nudc ra va vao cylent biing nhau.

N&u ngay tir ddu khi hién tugng thaim thau mdi x3y ra, ta dit mot trong lugng p
nio d6 1én piston d€ vira cin biing véi 4p suit thim thau thi khi d6 hién tuong thim
thau thuc t€ khong xay ra.

Vay “Ap suét thim thau cta dung dich bing 4p sudt bén ngoai tic dung 1én
dung dich d€ cho hién tugng thim thau khong xdy ra”.

Nha thuc vat Pic Pfeffer dd phat hién va do dp sudt thim thau cdc dung dich
loang, tir d6 két ludn:

- Ap suit thim thau cda dung dich khong phu thudc vao ban chit tan va dung
moi ma chi phu thudc vao s6 ludng ti€u phan chat tan.

- Ap suét thim thdu ctia dung dich ty 1& thuin vdi ndng d6 tuyét d6i clia dung
dich:

i = RCT
: 4p sudt thAm thau (atm)
: ndng dd mol chat tan
: nhiét do tuyét doi.
: hiing s6 khi (R = 0,082 latm/mol do)
T d6 Van’t Hoff phat bi€u dinh lut:

“Ap suét thAim thau cta dung dich c6 do 16n bing 4p suit gy bdi chat tan néu

A = 0 A4

nhu & ciing nhiét d6 d6 né & trang thdi khi va chi€m thé tich bing thé tich dung
dich”.

IV. DUNG DICH PIEN LY

1. Tinh chat bat thutong cia cic dung dich axit — baz — mudi:

Khi nghién cttu cdc dung dich lodng cla nhitng chit tan khidc nhau trong nuéc,
ngudi ta nhan thdy cdc dung dich axit, baz va mudi c6 2 dic di€m khdc biét so vdi
dung dich clia chat tan phan bd duéi dang phan tif nhu dudng, glyce’rin...

a. Pdc diém 1

C4c dung dich axit, baz, mudi trong nudc khong tuin theo cic dinh luit Raoult,

Van’t Hoff vé& dp sudt thim thau (n), 6 gidm 4p sudt hoi bdao hoa (AP) dd ting
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nhiét o sbi va do ha nhiét nhiét d6 dong dic (AT, AT4) nhu dung dich 18ng, lodng,
chat khong dién ly.

Céc dai lugng m, AP, AT clia nhitng dung dich nay c6 gi4 tri x4c dinh bing thuc
nghiém ludn ludn 16n hon s6 véi tinh todn theo cac dinh luit doé.

Vidu: D6 giam nhiét d6 déng dic ctia dung dich chda 10g NaCl trong 100g
nudce tinh theo cdng thic cia Raoult:

Mo=ks 2 186 —2 0318
M 5

Nhung gié tri thuc t€ do dugc 12 0,617°; tic 12 16n hon gan gap 2 14n so vdi tinh
theo 1y thuyét

Van’t Hoff thdy ring mudn dp dung dugc nhitng dinh luit néi trén vao dung
dich axit, baz, mudi trong nudc thi phdi thém vao cong thiic cla chiing 1 hé s§ diéu

chinh i ndo do:

T = iRCT = in
AP’ = iPoNg = iAP
AT’ = ikC, = iAT
', AP’, AT’ : Pai lugng do bing thuc nghiém.
n, AP, AT : Pai lugng tinh theo cac dinh ludt Raoult, Van’t Hoff.
i : Hé s6 ding truong hay hé s6 Van’t Hoff.
T AP’ AT’
1= ’ = =
T AP AT

b. Dic diém 2
C4c dung dich axit, baz, mudi trong nudc cé tinh din dién mic du bdn than
mudi rin nguyén chat, baz rin nguyén chat, axit nguyén chit, nudc nguyén chat

khong dan dién.

2. Su’ dién ly va thuyé&t dién ly:

+ D€ gidi thich cédc tinh chét dic biét trén, nim 1887 Arrhe’nius dé ra

thuyé&t dién ly ¢6 ndi dung nhu sau:

- “Khi hoa tan axit, baz, mudi trong nudc thi xdy ra su phan ly cdc chit nay,
tao thanh cdc ti€u phan tich dién goi 1 ion; ion mang dién tich duong goi 13 cation,
ion mang dién tich 4m goi la anion.

- Do din dién cla cdc dung dich axit, baz, mudi trong nudc ty 1& v6i ndng do

chung céc ion trong dung dich”.
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Su phan ly thanh ion cla cdc chat tan trong dung dich dugc goi la sy dién ly.
ChAat phan ly thanh ion trong dung dich (hay khi néng chdy) dudc goi la chat dién
ly.
+ Thuyé&t dién ly Arrte’nius gidi thich cdc tinh chat ciia dung dich dién ly.
+Su bat thudng cta cédc dinh luat Raoult — Van’t Hoff:

Do sy phén ly thanh ion ctia chat dién ly ma s6 ti€u phan thuc c6 trong dung
dich tidng I1&n so vdi s6 phan ti da hoa tan.

Cic dai lugng m, AP, AT ti 1& thuin véi sd tiéu phan chat tan nén trong dung
dich dién ly, s6 ti€u phan nay ting, do d6 m, AP, AT ting.

Hé s6 i cho biét s6 ti€u phan thuc c6 so v6i s6 phan ti d3 hoa tan trong dung
dich: dung dich chat tan khong phan ly i =1, dung dich chit tan phan ly I>1; khi pha
loang dung dich thi i c6 thé ti€n d&€n nhitng gi4 tri nguyén 2,3,4.. chi sd ion c6 trong
phan t chat dién ly.

Vi du: Dung dich Ca(NOs), trong nudc c6 i =1,81; n€u pha lodng vd cung
thi i=3.

- Tinh din dién: Ciing do sy c¢6 mit clia cdc ion trdi ddu ma khi dit dung
dich vao dién trudng thi cic ion chuyén ddi c6 hudng vé cdc dién cuc, vi vay dung
dich dién ly c6 kha ning din dién.

+ Han ché& cia thuyét dién ly Arrhe’nius:

- Xem qud trinh dién ly ctia moi chat dién ly (k€ ca chit dién ly manh) don
gian nhu mot qud trinh thuin nghich; xdy ra khong hoan toan va bd qua tuong tac
tinh dién ciing nhu tuong tac 1y hod gitta cdc ion v6i dung moi.

- Khong dé cap dén nguyén nhin giy ra hién tugng dién ly va co ché clia

qua trinh dién ly.

b. Thuyét dié¢n ly hién dai — co ché dién ly

Theo Kablukov :’Nguyén nhin co ban ciia sy dién ly 13 tic dung tuong hd
gitta chit dién ly va cdc phan tif dung mdi d€ tao thanh cic ion bi solvat héa” (néu
dung mo6i 1a nudc thi tao thanh ion hydrat hoa).

Ta khao st qud trinh dién ly mot sd chat :

- Sy dién ly ctia hgp chat ion : Cac hop chit ion c6 mang luéi tinh thé ciu tao
tif nhitng ion duong va Am sidp x€p ludn chuyén nhau & cdc nit mang. Qud trinh
dién ly hop chat ion thuc that 12 qud trinh phan ly céc ion c6 sin trong mang tinh
thé hop chat.
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Vidu: KCI(r) + (m+n)H,0 = K*.mH,0(d%),Cl".nH,0(d?)
e e, I
'WHQHKHQ
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So do6 hoa tan mudi
- Sy dién ly ctia hgp chat cong hoéa tri c6 cuc : Pau tién cdc phan tif chit tan
du6i tic dung ctia phan t¥ ludng cuc nudc sé& bi bi€n dang va chuyén tir ciu tric c6
cuc sang cau tric ion, sau d6 mdi ti€p tuc phan ly thanh ion nhu hgp chit ion.
Vay su dién ly clia cdc hdp chat cong héa tri 1a qud trinh ion héa.
Vi du: HCI(k) + (m+n)H,O(1) - H*'mH,0(d* + CI
nH,0(d?)

So doé phan ly cda phan ti cé cuc trong dung dich

- Sy dién ly ctia hgp chat ion cong héa tri cé cyc.

NaHCO; Ea ) g>c -0
Sy phan ly dau tién x3y ra & lién két ion :
NaHCO; = Na® + HCO;
Sau d6 x4y ra & lién két cong héa tri ¢é cuc manh
HCO'; = H + CO5”

Su phan ly khong xdy ra & nhitng lién k&t cong héa tri c6 cuc y&u khdng c6

kha ning ion héa.

* Chid y: Trong thyc t&, dé don gidn ngudi ta thudng viét cdc phuong
trinh dién ly nhu sau:
NaCl = Na* + CI
HCl = H* + Cr
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Tur sy khdo sét trén, thdy ring vai trd clia dung moi doi vé6i sy dién ly rat
quan trong. Ngoai nudc ra, con nhiéu dung mdi khac nhu axit formic, hydro florua
16ng... cling ¢6 tidc dung ion héa. Phan tif clia dung moi phan cuc cang manh, hing

s6 dién mdi clia n6 cang 16n thi tdc dung ion héa clia né cang manh.

c. b dién ly

Dé€ dic trung cho kha ning phan ly clia chit dién ly trong dung dich, ngudi
ta dung dai lugng do dién ly a.

- Dinh nghia: Do dién ly 1a ty s6 giita s6 phin ti dd phan ly thanh ion(n)
trén tong sd phan ti da hoa tan trong dung dich (no).

n

o=
No

O<=a<=1 : o=1 khi sy phan ly xay ra hoan toan.
a=0 khi sy phan ly khdng xay ra.

- Phan loai chit dién ly : dua vao o.
+ Chat dién ly manh : a=1 phan ly hoan toan thanh ion trong dung dich.
Vi du: Axit, baz vd6 ¢cd manh (HCI, H,SO4, NaOH...)

DPa s6 mudi trung tinh (NH4CI, K,SO,)
+ Chat dién ly yé&u : a<l phan ly khong hoan toan thanh ion trong dung

dich.

Vi du: Axit, baz v6 co yéu(HCN, H,CO;, NH,OH...)

Pa sd axit, baz hitu co(CH;COOH, C¢HsOH, C¢HsNH,)

Mudi axit vd mudi baz (NaHCO3;, Cu(OH)CL...)

That sy cdc chdt dién ly manh ciing c6 a<1 (a=1 khi pha lodng dung dich vo

cung), nén ngudi ta quy udc nhu sau:

+ Chat dién ly manh : a >30%
+ Chat dién ly trung binh  : 3% <= o <=30%
+ Chit dién ly yé&u : o < 3%

- Céc y€u td 4nh hudng dén do dién ly : PO dién ly clia chat tan phu thudc
cdc y&u t6 nhu ban chat dung moi, ndng do, nhiét do.

+ Bén chat dung moi : Sy phan ly cda chat tan thanh ion thudng xdy ra yéu
trong dung mdi cé cyc y&u va xdy ra manh trong dung méi c¢é cyc manh.

Vi du: HF 16ng, H,0 1a dung moi ion héa tot.

+ Nong @6 dung dich : P9 dién ly ting khi ndng do dung dich gidm va ngugc
lai. S& di vay Ia vi khi ting ndng do chat dién ly 1am ting tuong tic giita cdc ion tic

la tdng qud trinh phén t& hoda.
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+ Nhiét do : Bo dién ly ting khi ting nhiét do vi da s6 qud trinh dién ly kém
theo su thu nhiét.

V. CAN BANG TRONG DUNG DICH CHAT PIEN LY YEU

1.Hiing so dién ly va phuong trinh hing sé dién ly:

Quad trinh dién ly clia chat dién ly y&u 1a qué trinh thudn nghich tuan theo dinh
luat can bing héa hoc.
Khi hoa tan chat dién ly yéu A,,B, vao nudc, ta c6 cin bing dién ly:
AmBn < mA™+nB™

Theo dinh luat tic dung khdi lugng vé hiing s cin bing:

CmAn+ . Can—
K=

Caman
K: hiing s0 dién ly ( biing s6 ion héa).
C: N6ng dd cdc ion (iong/l) hay n6ng dd chat dién ly (mol/l) ldc can bing.
Hiing s6 dién ly ciing 1a dai lugng diic trung cho mdi chit dién ly va dung moi

va chi phu thudc vao nhiét do.

2. Lién hé giita hiing so dién ly va do dién ly:

Xét can bing dién ly : AB < A"+ B
Nong do ban dau : C 0 0
Nong do6 can bing : C-aC aC oaC
o: d6 dién ly Theo
Ca+ Cs. C’o’
K = =
CAB C-Ca
o ,
K= o0 C :Biéu thic cta dinh luit pha lodng Ostwald

Khiao<<1lthil-a~1,tacd:

\/?
o= |—
C

Khi pha loang dung dich thi d6 dién ly ting
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3. Su phén ly cua axit va baz yéu da béc

- Xét su dién ly cta axit cacbonic:

Néi’C 1: H2C03 = H" + HCO3-
Cy.CHCO
Kal = 3
CH,CO:;
NAc 2: HCO; <  H'+CO:~
Cp.CCO%;
Ko= ———
CHCO;

+ Phuong trinh dién ly tong cong:
H,CO; < 2H' + COs™
Hiing s6 dién ly chung ctla axit va baz y€u da bic bing tich cdc hiing s dién

ly tiing bac cda ching : K = K,; Kyp...

D6i véi cdc axit va bazo yéu da bac thi K;>>K,>K3, do 4nh hudng cia cic ion
sinh ra & bac 1 d6i véi cAn biing dién ly clia nhitng nic sau.

Nén trong thuc t& chi cin chd y dén su phan ly cda bac 1va bd qua sy phan ly

2 7 A
cua cac bic sau.

4. Su dién ly cua cic hydroxyt luGng tinh:
Vidu: Zn(OH),, Be(OH),, AI(OH);, Cr(OH)s...

Su dién ly ctia chiing c6 thé x4y ra theo kiéu axit hay ki€u bazd phu thudc vao

moi trudng dung dich va tuong tng mdi ki€u dién ly sé& c6 cdc hiing so dién ly
riéng.

Vidu: Zn(OH), IS Zn”  + 20H : trong mdi trudng
axit

H,ZnO, & 2HT 4+ Zn0,” : trong mdi trudng bazd

5. Su dién ly ctia mudi:

Vi du: Su phan ly clia mudi axit NaH,POy

NaH,PO, = Na* + H,PO,
H,PO, < H" 4 H,PO,*
H,PO,* <  HY o+ PO,

Vi du: Sy dién ly ctia mudi baz Fe(OH),Cl
Fe(OH),Cl =  Fe(OH)," + Cr
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Fe(OH)," <<  Fe(OH)™"  + OH
Fe(OH* <  Fe™* + OH'
Vidu: Sy phan ly ctia mudi phitc [Ag(NH;),]Cl
[Ag(NH3)2]Cl = [Ag(NH;3),]" + Cr
[Ag(NH3),]" < [Ag(NH;),]" + NH;
[Ag(NH3)|" < Ag’ + NH;
Trong céc vi du trén, bac phan ly thit nhit twong ¢ng v6i sy phan ly xdy ra §
lién k&t ion nén xdy ra manh va hau nhu hoan toan con cdc bac sau x3y ra rit yé&u.
Riéng d6i v6i mudi phiic, hiing s6 dién ly chung cta ion phiic dic trung cho do
bén ctia mudi phic (hiing s& khong bén Kyp).

Ky cang nhé thi mudi phic cing bén.

Vidu: [Ag(NH;3),]" = Ag" + 2NHj;
Ca,'C*NH;
Kww = Cag(NH;)y)

+

VL. CAN BANG TRONG DUNG DICH CHAT PIEN LY MANH:

1. Piic di€m cia dung dich chat dién ly manh:

- Trong dung dich nudc, chat dién ly manh thuc t&€ phan ly hoan toan thanh ion.

C6 thé chitng minh diéu nay bing hai su kién sau:

+ Cdc dung dich chat dién ly manh di & nhitng ndng do rit lodng ciing khong
tuan theo dinh luat khoi lugng.

+ Trong dung dich chit dién ly manh khong c6 cdc phan t trung hoa clia chat
dién ly ton tai.

- Nhu vay dung dich chit dién ly manh c6 dd dién ly a=1, hé s§ ding truong
phéi 12 nhitng s6 nguyén (i= 2,3,4..) va do din dién duong luong phai khong thay
ddi khi pha loang dung dich (vi s6 ion tao thanh trong dung dich khéng phu thudc
vao do pha loang).

- Tuy nhién thyc t€ lai khac: dd dién ly ctia dung dich chat dién ly ludn <1 va
ting theo do pha lodng d€ dat dudc 1 khi pha lodng vd cling, hé sd i cling khdc gid
tri s0 nguyén (i chi ti€n dén sd nguyén khi pha lodng vo cing), dd din dién duong
lugng cling ting theo do pha loang.

Nhu vy, tinh chat clia dung dich chat dién ly manh ciing gidng nhu tinh chat
clia chat dién ly y&u nhung ding chit thuyét dién ly y&u d€ gidi thich lai mau

thuén.
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2. Thuvét chat dién ly manh(Debye, Huckel, Onsagel):

- Do su phan ly hoan toan cda chit dién ly manh nén trong dung dich cia

chiing ndng do c4c ion 16n, cdc ion & gan nhau lam xuAt hién luc hiit tuong hd giita
cdc ion. Piéu ndy 1am cho mdi ion trong dung dich dugc bao quanh gan minh mot
16p hinh ciu cic ion ngudc ddu dugc goi 1a “bau khi quyén ion”, xa hon 1a 16p ion
ciing d&u (trit tw phan bd gin gidng trong tinh thé). Nhu vay, cdc ion khong dudc
hoan toan ty do chuyén dong.

+ Khi c6 dién trudng tic dung 1én dung dich, sy chuyén dong ciia cic ion vé
dién cuc bi can trd bdi cic luc do bau khi quyén ion giy ra nén d6 din dién duong
lugng cia dung dich gidm.

Khi dung dich chit dién ly c6 ndng do bé thi cdc ion & xa nhau nén lyuc hit
tuong hd gifta cdc ion khong ddng k&, dnh hudng clia cic y&u td kim ham su chuyén
dong ctia ion nhd. Do d6, do din dién duong lugng ting khi pha lodng dung dich.

-Trong dung dich chit dién ly manh, s6 ion thyc sy tham gia vao qud trinh din
dién chi mot phan trong s6 cdc ion da phan ly. Vi vay, do dién ly clia dung dich xdc
dinh dua trén viéc do do din dién phai nhd hon 1(a<1).

Tuong tu, tit cd cdc tinh chat clia dung dich phu thudc vao néng do ion déu
thay d6i giong nhu vay.

-Dé€ dic trung cho trang thdi dic biét nay cda ion trong dung dich chit dién ly

manh Lewis dua ra khai niém ndng d6 bi€u ki€n (ndng dd hoat dong) hay hoat do.

3. Hoat d¢ - Hé so hoat do:
- Hoat dd 12 dai lugng khi dit né vio bi€u thifc dinh luit tic dung khdi lugng

thay cho ndng d6 thi Iam cho bi€u thic nay dp dung dugc vio tit cd dung dich chat

dién ly va khong dién ly  moi ndng do.

AnB, < mA™ + nB™
m n
d An+ 4 Bm~
K =
AAmBn
AAmBn : hoat do ctia chat dién ly
AAn+, ABm- : hoat do cuia céc ion.

aAmBn - m+\n, aAn+ aBm_

bon vi hoat dd : mol/l, iongam/I
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- Lién hé giira hoat dd va ndng do:

f: hé s6 hoat do. f<=1: & ndng do dung dich cao: f<1

khi pha loang v6 cung f=1 nén a=c

D6i véi chat dién ly A,B,

AdAnBm = fAmBnCAmBn
ai = fiCi
m n
= mn f n+ f m-—
AmBn A B
Cach xdc dinh a.f :

Theo phuong trinh Bebye- Huckel:
~AZ AT
‘ 1+4/1

~AZ 0 Zen N1
Ig f AmBn: A‘ 1A+,\/|_B ‘
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A :hing s6 phu thudc vao ban chit dung moi va nhiét do.
Z : dién tich ion.
I : luc ion cua dung dich.
! 2
1= 2— 2 CiZi

D6i véi dung dich nude & 25°C, khi I << 0,01 thi
2
g f =-057+1
v

Ig f AnBm - _O'S‘ZAM Lem-

VIL. CAN BANG ION CUA NUGC:

1. Su dién ly ciia nuéc va tich sd ion cla nuéc:

Nu6c nguyén chit vin thudng duge xem 1a khong din dién. That ra, n6 1a chat

dién ly yéu:
H,O + H,O Rt H;0" + OH"
Hay H,0O < H* + OH
Cu" Con-
K KCH,0O

Vi d6 dién ly ctia nudc qua nhé nén CH,O = const

KCH,0 = CH* + COH
K, = CH+COH
K, : tich sO ion clia nudc

- Tich ndng dd clia ion H va OH" trong nudc nguyén chit hay trong dung dich
nuée bat ky 12 hiing s6 & nhiét dd nhat dinh.

- Chinh x4c hon thi Ky, = ap+ AoH-

Tich s6 ion clia nudc ting theo nhiét dd — thudng st dung tich s6 ion & nhiét
do phong (K,=1.10".
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2. Chi s6 hydro pH:
C6 thé dua vao ndng dd6 H* hay OH™ d€ biéu dién tinh axit hay bazd ctia dung
dich:

Nudc nguyén chit: Cy, = Con- A= {5{ = 10" =107

ion g/l

Khi thém mdt lugng axit vao nudc thi Cy+ >Copn- va ngudc lai.
Vay khi dung dich nu6c c6 Cy+ = Cop-=10" iong/l: dung dich trung tinh
Cu+>Con- hay Cy+ >107: Dung dich axit
Cu+ <Cop- hay Cy+ <107: dung dich bazo
- P€ thuin 1¢i hon, ta diing dai lugng chi s6 hydro pH:
pH = -1gCy+
Nhu vay: pK, =pH + pOH =14
pH =7  :dungdich trung tinh
pH <7 : dung dich axit
pH >7  :dungdichbazo

3. Chat chi thi mau:
Pé x4c dinh pH cda dung dich, ngudi ta dung phudng phap chi thi mau hay

phuong phap pH k&.

- Phuong phdp chi thi mau dua trén viéc st dung cdc chat c6 kha ning thay ddi
mau sic trong nhitng diéu kién nhit dinh. D6 13 nhitng chit chi thi mau.

Chat chi thi mau axit-baz 12 nhitng axit va baz hitu c6 yéu ma dang phan t
trung hoa va dang ion c6 mau sic khdc nhau va tiy thudc vao pH cia mdi trudng
ma ton tai & dang nay hay dang kia.

- Chat chi thi mau axit yéu: HInd

HInd = + Ind’
mau dang axit mau dang bazd
Cu- Cuina-
Kuma= =~
fiind Chind

Chind Mau dang axit

Crrt = Kiiind Chilnd- Kiiind Mau dang bazd
Mau dang bazo

pH = pKuma+ 1g

Mau dang axit
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Nhu vay mau sic cla chat chi thi trong dung dich phu thudc vao pH clia moi
trudng.

Mit ctia ching ta c6 thé phan biét dudc mau clia dang axit hay dang baz trong
hdn hgp clia chiing khi ndng do ctia dang nay 16n hon dang kia it nhat 10 Ian.

Do d6, dung dich s€ c6 mau dang axit khi pH <=pKy,q-1 va c6 mau dang bazo
khi pH>=pKging +1.

Khodng pH thay d8i mau ctia chit chi thi dugc goi 1a khodng chuyén mau cta
chat chi thi va gan 2 don vi.

PKumd-1 <= pH<= pKumg+1.

- Khodng chuyén mau dic trung cho mdi chat chi thi mau:

; Sy thay d6i mau

Chat chi thi Tinh chit | mau dang axit | pH chuyén mau | Mau dang bazd
Lam timol Axit bo 1,2-2,8 vang

Da cm methyl Bazg bo 3,1-4,1 vang

b6 methyl Bazg bo 4.4-6,2 vang
Lam Bromtimol Axit Vang 6,0-7,6 lam

Do Crozol Axit Vang 7,2-5.8 do
Phenolphalim Axit Khoéng mau 8-10 hdong

Ngoai ra con cé thé tao nhitng chat chi thi mau hdn hgp bing cdch tron nhiéu
chat chi thi véi nhau.

Vi du: Gidy chi thi van ning xdc dinh pH=1+14

Chat chi thi mau dugc dung dé xdc dinh pH cla moi trudng hay dé xdc dinh
diém tuong duong clia qué trinh chuin do6 trong phép phan tich thé tich.

4. Dung dich dém:

Do 4nh hudng to 16n clia mdi trudng d6i v6i cdc phdn tng héa hoc ma trong

thuc hanh nhiéu khi d€ ti€n hanh 1 phdn @¥ng niao d6 cin phai tao ra dung dich c6
do pH x4c dinh va hiu nhu khong ddi trong sudt qud trinh phan dng.

Vi du: Phén dng : Mg** + 20H = Mg(OH), x4y ra § pH=11

- Dung dich dém hay hé dém 13 dung dich c6 gid tri pH xdc dinh va hau nhu
khong thay ddi khi pha lodng hay thém vao 1 lugng nhé axit manh hay baz manh.

Cach tao thanh dung dich dém:

+ Hé dém axit gdm : Axit y&u va mudi cdia né.
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Vi du: HE acitat : CH3COOH/CH;COONa
Hé dém baz gdm baz y&u va mudi clia né.
Vi du: Hé amoni : NH,OH/NH,CI

Cd ché tic dung dém:

Vi du: Xét hé dém axitat: trong hé c6 cdc cin bing dién ly.
CH;COOH & CH;COO ™~ + H* (1).
CH;COONa & CH;COO ™~ + Na*

(1).

+ Khi thém vao dung dich mot it axit manh: Cy, ting, lugng H' ting thém nay
sé két hgp véi CH;COO ~ tao CH;COOH kém dién ly lam gidm lugng H* va pH
dung dich thay d6i khong dang ké.

+ Khi thém vao dung dich mdt it baz manh thi H* trong dung dich s& két hgp véi
OH" tao thanh H,O. Sy gidm H* trong dung dich 1am cin bing (1) chuyén theo
chiéu thuin tao ra H" bl lai lugng da phdn tng véi OH nén PH dung dich thuc t&
thay doi rt it.

+ Khi pha lodng dung dich, pH ciing thay d8i khong ding ké va su gidm ndng
dd H" do pha lodng dudgc bl biang su ting H" do do dién ly cla axit ting theo su pha
loang.

Nhu viy, trong dung dich axit c6 2 thanh phan : 1 ding d€ két hop v6i H' thém
vio (CH3COO), 1 dung d€ sinh ra H* bu trif cho sy gidm ion nay (CH;COOH). Kh3
ning ctia hé dém cang 16n khi axit hay baz cang y&u va ndng do ctia mdi thanh

phan cang 16n.

Tinh pH cta cdc hé dém:

+ Hé dém axit: hé acitat

Khi chua thém CH3COONa :
CCH;COO
Cy+=Ka H
CCH;COO
Khi thém CH3COONa : CH3;COONa = CH;COO "~ + H*
CCH;COOH = C,-Cia ~
Ca
CCH;COO = Cn - Cia ~
Cn
CH'" = C, PH =pK, +1g Cn
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K, Cn C.

+ Hé dém baz :

Co
pH=14 - pKy+1g <

m

Vi du: Tinh pH ctia dung dich chita 5,345g NH4CL trong 500ml dung dich
NH4OH 0,1M.

Gidi:
Gy = 0,1 mol/l
5,345 x 1000
Cn= = 0,2 mol
53,5 x 500

0,2
PH = 14 — [-1g(1,75 x 107)] + Ig o1 - 8,94

b

+ pH thay ddi it nhat khi thém axit manh hay baz manh néu Cm_ _ hay
(éb - lic d6 hé dat dung tich dém cyc dai. ~ °°

- Cach pha hé dém c6 pH xac dinh:

+ Chon axit c¢6 pK, hay baz c¢6 (14 — pKy) gan v6i pH cia dung dich d&m mudn

pha ché.
-, N Cm Cm 4 » A s A,
+ Tinh ty s6 nong d6 c ' C dé c6 dugc pH can thiét.
b

Vidu: Pé pha dung dich déam c6 pH=7, ta chon hé NaH,PO, — Na,HPO,)
(NaH,POy : axit y&u c6 pK, = 7) : H,PO, < H* + HPO,*
K. = 6,2.10°® nén pK, = 7,24
Ta c6 : 7 = 7,%&1—_1g

Vay Cn :
C.

=0,57

Trong miu dong vat, pH dugc giit khong ddi nhd tic dung céia 2 hé dém:
NaH2P04 - NazHPO4 va H2C03 - Na2C03.

VIIL. CAN BANG TRONG DUNG DICH CHAT PIEN LY KHO
TAN

Trong cédc chat dién ly cling c6 nhitng chat d€ tan va nhitng chit kho tan. Dung

dich bido hoa ciia chit dién ly khé tan c6 ndng dd rat nhd nén c6é thé xem chit tan
phan ly hoan toan (a ~ 1), tic trong dung dich, chit dién ly khé tan ton tai dudi

dang ion.
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1. Can biing di thé cia chit dién ly khé tan va tich so tan:

Trong dung dich nudc bdo hda clia chat dién ly khé tan c6 can bing di thé giita
cdc chat dién ly & trang thdi rin va cdc ion hydrat héa clia né & trang th4i dung
dich.

AmBa(r) + (mx+ny)H>O(1) o mA™xHO(d) +  nB™
yH>O(d%)
AnB, &  mA™(d?) +
nB™ (d*)
Theo dinh luat tic dung khdi luong :
K a"ans + 2"Bm.
= AAmBn
Kaamgn = a" An+a"Bm

Hoat do cda chat rin 13 dai lugng khong d6i nén Kaamp, = const =T

m n
TAmBn =a An+d Bm-

T : Tich s6 tan clia chit dién ly khé tan.
- Dinh nghia : Tich s6 tan 1a tich s& hoat do cdc ion tu do trong dung dich
bdo hoa v6i s& mil tuong tng. Tich s6 tan 12 hiing s6 tai nhiét dd nhat dinh.
Dung dich bio hoa chat dién ly khé tan c¢6 ndng dd rit loing nén c6 thé xem
a=C

m n
TaAmBn = C An+C Bm-

T ciing chi phu thudc vao ban chat chit tan, dung mdi, nhiét do.

- Lién hé giira tich s6 tan va dd tan ctia chat dién ly khé tan:

Tich s6 tan 1a dai lugng dic trung cho tinh tan ctia chat dién ly khé tan: chat
c6 tich s6 tan cang bé thi cang kém tan.

Goi S : do tan (mol/l) clia chit dién ly AmBn trong nuc

CA™ CB™
S = =
m n
TAmBn — (ms)m (ns)n — I,nmnns(m+n)

S=mn -l-n/-‘;mBnn
\m n

2. Anh huéng cia cédc ion trong dung dich dén do tan cia chat dién
ly:
Khi tinh T dva trén hoat dd cdc ion, ta c6:
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m n
Cn+ CBm

m m n n
TamBn = C An+ f An+ C Bm+ f Bm
m+n
f AnBm

Thay Can+ = mS va Cgn=mS :

S — \/ T AmBn
m n f AmBn

- Khi thém chat la khong c6 ion chung véi chit dién ly thi luc ion ting nén f

giam, do d6 d6 tan ting.

- Khi thém chit la ¢6 ion chung thi do tan gidm.

3. Piéu kién hoa tan va ké&t tia chit dién ly khé tan:

- Chat dién ly khé tan sé& két tiia khi tich ndng do6 cdc ion cda né trong dung
dich 16n hon tich s& tan ctia né & cling nhiét do.
Vi du: AgCl s& két tiia & 25°C khi Cag:Ccr- > 1,56.10"°(=Tagc))

S di vay vi dya cin biang AgCl &  Ag" + CI
Khi can biing dugc thiét 1ap thi Taccl = [Ag][CI]

Khi Cag + Cci- > Tagcr : can bing chuyén dich theo chiéu nghich (chiéu két
tia AgCl).

- Chat dién ly kho tan s& hoa tan khi tich ndng dd céc ion clia n6 trong dung
dich nhé hon tich s6 tan clia chat dién ly & cing nhiét do.

Vi du: Két tiia AgCl s& hoa tan khi Cae,Cey. < 1,56.107"°

Do Cpg+Ccl- < T : cin bﬁng chuyén theo chiéu thuan (chiéu hoa tan AgCl).

IX. PHAN UNG TRAO POI ION

Céc phan tng trao d6i ion 12 nhitng phdn @ng ion vi ching x4y ra do tudng

tdc clia cdc ion trong dung dich, trong phdn tng khong c6 mdt nguyén td nio thay
ddi sd oxy héa clia minh (tifc khong c6 ion niao thay d6i dién tich). C4c phan tng
trao ddi ion 12 nhitng phan @ng ion vi chiing x4y ra do tuong tic cda céc ion trong
dung dich, trong phan tng khong c6 1 nguyén td ndo thay ddi s6 oxy héa clia minh

(tttc khong c6 ion nao thay ddi dién tich).

- Phén d@ng trao d8i ion s& x4y ra khi théa mén 1 trong cdc diéu kién:

+ Mot trong cdc san phdm 1a chit két tda.
+ Mot trong cdc san pham la chit dién ly yéu.
+ Mot trong cdc san pham la chit bay hoi.
Vidu: Pb(NO;), + Na,SO04 = PbSO. +
2NaNO;
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Pb* 4+ SO~ = PbSO,
KCN + HNO; = HCN(chat kém dién ly) + KNO;
CN + H* = HCN
Na,S + 2HCI = H,ST + 2NaCl
2H* + S* = H,ST

- Vi nhitng phan ing ma 2 vé& clia phuong trinh déu cé chat dién ly yéu,
chat khé tan hay dé bay hdi thi phai dua trén hiing s6 dién ly, tich s6 tan dé so
sanh: phan ing s& dién ra theo chiéu tao hdp chit c¢6 hiing s& dién ly hay tich s& tan

nho hon.

Vi du: AgCl + KI o Agld 4+ NaCl (1)
CuSy  + 2HCl <  CuCl, + H,ST (2)
(1) dién ra theo chiéu thuan vi Tag =9,7.10"7 < Tagct =
1,56.10™"°
(2) dién ra theo chiéu nghich vi T’¢,s  =4.107" < K*%ps =

6.10°

X. PHAN UNG THUY PHAN

Gitta cdc ti€u phan chat tan va dung mdi ludn ludn cé tuong tic xay ra, cé

thé 1a nhitng phan Wng trao ddi giita cdc thanh phin clia chit tan va dung mdi tao
thanh nhitng hdp chit méi 1am thay d6i tinh chat ctia dung dich nhu mdi trudng,
mau sic.... Phdn tng dung mdi phan (sv dung mdi phan ). N&u dung mdi 1a nuéc thi

goi 1a sy thly phan.

1. Pinh nghia:

A A 1N 2, R .~ 7 . Ao 2, . .
Sy thlily phan mudi 14 phan @ng trao ddi gilra cac ion clia mudi v4i cac ion

ctia nudc 1am dich chuyén cin biing dién ly clia nudc va dua dén thay d6i ndng do
H* va OH tidc 1a thay ddi mdi trudng dung dich.
Phuong trinh phdn tng thiy phin téng quit :
MA + H,O = MOH + HA

2. Piéu kién dé cho su thiy phin mudi xay ra:

- Mot trong cdc sdn phdm (tic axit hay baz tao thianh) phdi kém dién ly hay
khé tan. Vi vdy, sy thly phan chi x4y ra véi mu6i tao thanh béi axit y&u hay baz

z

yéu.

ThS. Ho Thi Bich Ngoc Khoa Hod hoc



Jlod dai ecicong B -72 -

- Vi H,0 1a chit kém dién ly hon nhiéu so véi da so axit yéu va baz y&u nén
phan ng thiy phan chi xdy ra khi ¢ lugng nuSc 16n tic 1a trong dung dich rat
loang.

3. Phan itng thuy phéin cia cic mudi:

- Mudi tao thanh bdi axit manh va baz yéu : sy thily phan cation
Vi du: NH4Cl, Zn(NO3),, Alx(SOy)s...

Phén dng thiy phan : NH4Cl + H,O &
NH,OH + HCI

Hay : NH4* + H,O =
NH,OH + H*

Dung dich thu
dugc c6 moi trudng axit

- Mudi tao thanh bdi axit y€u va baz manh : sy thity phan anion
Vidu: CH3;COONa, K,CO3, NasPOs....

NaCH;COO + H,O &
CH;COOH + NaOH

CH;COO "~ + H,O &
CH;COOH + OH

Dung dich thu dudc ¢c6 mdi trudng baz

- Mudi tao thanh tir axit y&u va baz yéu : sy’ thiy phan cation 14n anion
Vi du: NH4CN, AI(CH3COO)s...

NH4,CN + H,O Rt
NH4OH + HCN
NH," + CN  + H,0 < NH,OH
+ HCN
- Moi trudng dung dich tiy thudc vao do manh cia axit y&éu va baz yéu tao
thanh: Néu axit manh hon (K, > Ky) : moi trudng axit.
Néu axit y&u hon (K, < Ky) : mdi trudng baz.
Néu (K, = Kyp) : mdi trudng trung tinh.

Vi du: K*NH40H=1,75.10" > K* ey =8.107"%: dung dich mudi NH4CN c6
moi trudng baz.

- Mudi tao thanh béi axit yéu va baz y&u da bic : sy thiiy phan theo tiing
bic, trong d6 bac 1 ludn manh hon nhiéu so véi cdc bic sau.

Vi du: Zn(NO3),, Alx(SO4)3, K,COs, NasPO4, AI(CH;COO)s...
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Bac 1: K,COs + H,O <  KHCO; +
KOH
COs” + H,0 <  HCO; + OH
Bac 2 KHCO; + H,0 < HyCOs+
OH
HCO;  + H,O < H,COs+ OH
Phén tng tong cong : K,CO; + H,0 < H,CO; +
,KOH

CO32_ + 2H20 =
H,COs + 20H

4. Po thiy phin va hing sé thiy phin:

Do thiiy phan (h) 1a i s§ giita s6 phan ti mudi bi thiily phan (n) trén téng s&
s6 phan tir ¢ hoa tan (ng) trong dung dich.
n
No
Hiing s thdy phan (K,) 1a dai lugng riit ra tif viéc 4p dung dinh luat tic dung

h =

khoi lugng vao can bing thily phan.

- Mudi tao thanh béi axit manh va baz yéu.

M o+ H,O = MOH + H*
~ Cwmon Chs
Cwm: Cr2o
= CvonCnr  Cyion Ki
K= Cwum+ Ch20 Cwm+ Con-
K,
Kt =
Ky
K, : hiing s& ion clia nuéc; Ky : Hing s6 dién ly clia baz yé&u tao thanh
Goi Cm : Nong d6 mudi MA; h : Do thdy phan clia MA.
Cmon = Chus = Cuh
Cwms = Cn - Cruh
K, e
Cn - = 1-h
- Cph

ThS. Ho Thi Bich Ngoc Khoa Hod hoc



Jboa dai ecuong B .74 -

Néuhratnhdthil -h=~1:

K& = Cnh®
Hay : h= K. :\/ K.
Cm  Vk,Cn
- Mudi tao thanh bdi axit y&éu va baz manh :
A + H,O Rt HA + OH"
B CuaCon- B K, _c H’
. Ca. T K.| " 1-h
h<<1l:h= K. :\/ K.
Cm  VK.Cn
- Mudi tao thanh bdi axit y&u va baz yéu :
M* + A + H,0 & MA L + MOH
_ CuaCymon  CuaCwion Ki B Cha
" owCa CwCa CuCow  CmCa
K = il
KKy
- Cwh X Cyh H 2
Ngoai ra: K= (C, - th)2 = o )

h<<1: h:\/E: ﬁ

- Muéi bi thiiy phan nhi€u bac : mdi bac sé& c6 1 hiing s6 thiiy phan riéng

Vidu: CO5 + H,O Rt HCO;5; + OH"
CHCO’ K,
Ku = 3CoH - =
CCO™; Ka
HCO; + H,O Rt H,COs + OH"
CH,COsCo K,
Kp = H- =
~ CHCO; Kai

Vi K, >> K, nén Ky >> Kpp
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+ Két luan:
Do thiy phan phu thudc vao K, ctia axit yéu hay Ky cia baz yéu tao thanh:
* Axit hay baz tao thanh cang kém dién ly thi d6 thiy phin cang 16n
* P9 thdy phan clia mudi tao thanh bdi axit yéu baz manh hay axit manh
baz y&u phu thudc vao nong dd dung dich (ndng do cang ting do thiy phin cang
giam).
* PO thdy phan phu thuéc vao nhiét dd6 dung dich : Nhiét d6 ting thi do thuy
phin ting (qud trinh thiy phin la qua trinh thu nhiét).

* Hiing s6 thiy phan doi véi mdi mudi ciing chi phu thudc vao nhiét do.

XI. PHAN UNG TRUNG HOA

1. Phan i@ng trung hoa trong dung dich nuéc:

Phan tng trung hoa 12 phan ting trao ddi ion x4y ra trong dung dich dién ly
axit va baz tao thinh mudi va nudc (dung moi 1a nudc).
HA + MOH < MA + M,0

- Phan ting giita axit manh va baz manh, cin bing léch hin vé phia thuin nén
chi c6 thé biéu dién bing didu =

Phén tng giita axit yéu, baz manh hay axit manh baz y&u hoic axit y&u baz
yé&u 13 nhitng phan @ng thuin nghich (chiéu nghich yéu hon) nén dudc biéu dién
bing diu <.

- Nhiét phdn ing trung hda : phan ting phat nhiét.

- Moi trudng :

+ Phan Ging giita axit manh baz manh : m6i trudng trung tinh.

+ Nhitng trudng hgp khac, moi trudng axit, baz hay trung tinh tuy thudc axit
hay baz manh hon hay tuong duong.

2. Su chuén db axit — baz:
Phan ng trao ddi ion trong dung dich dudc ding 1am cd s& cho phép phian
tich thé tich : Phuong phdp chuin do (phuong phép dinh phin).

+ Phén ting trung hda dugc ding 1am cd sé cho p.phdp chuidn do axit baz.
+ Phan tng tao phiic dugc dung lam co sé cho phuong phdp chuin do

complexon.
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+ Phan tng két tia dudc ding lam cd s& cho phuong phdp chuin dd bing

AgNOs.
Phuong phdp chuén d6 axit baz, dua vio phin dng:
HA + MOH = MA + H,O
Tinh todn theo cong thic : VuaConna = VmouCnmon

Ta x4c dinh dugc lugng clia chat nay khi bi€t lugng chat kia.

Thudng ta chon tru6c Vya, Cymon rdi xdc dinh Vmon phédn tng v6i Vya bing
thuc nghiém. Qu4 trinh nay goi 1a qud trinh chuidn d9; dung dich baz 1a dung dich
chuén do.

Thoi diém tai d6 axit va baz phdn @ng vita dd vdi nhau goi 12 diém tuong
duong. P& x4c dinh diém tuong duong, ngudi tra dung chat chi thi mau. Mbi chit
chi thi mau thich hgp véi phdn tng trung hoa nhit dinh.

Vidu: Chuén axit manh bing baz manh : HCI + NaOH = NaCl + H,0 c¢6

thé€ diing phenolphtalein, lambromtimol, da cam me’thyl 1am chat chi thi.
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CHUGNG V. PHAN UNG OXY HOA KHU VA NGUON PIEN

LKHAI NIEM VE PIEN HOA HQC
Dién héa hoc 1a khoa hoc nghién citu sy chuyén héa tuong hd giita héa ning

va dién niing, tic 12 nghién citu m&i quan hé qua lai gitta phdn tng héa hoc va dong
dién.

Viéc nghién cifu sy chuyén héa tuong hd giita hai dang ning lugng niy cho
phép chiing ta hiéu 16 nhitng qué trinh oxy héa — khi vi nhitng qu4 trinh nay 1a co
s& phét sinh dong dién héa hoc. Tir d6, chiing ta c6 thé rit ra dudc nhitng quy luit
va dai lugng danh gid chiéu huéng, mic do dién ra cla cdc phdn ing oxy héa khi
va cong c6 ich (dién ning) ma chiing c¢6 thé sdn sinh dugc.

Viéc 4p dung nhitng 1y thuyét, quy ludt rit ra dudc vao ky thuit cho phép
chiing ta tao ra nhitng ngudn dién khac nhau (pin, acquy,...), cdc k§ thuat dién phan
khdc nhau (ch€ tao ra tinh thé kinh loai, ma dién, didc dién...), cac thi€t bi thong tin
(diod, bd tich phan, bd di€u bién...), thi€t bi nghién cttu khoa hoc (mdy do pH, miy
danh bong dién phan...).

Tém lai, viéc nghién cttu dién héa hoc c6 y nghia to 16n vé 1y thuyét ciing nhu

ting dung thuc t&.

II. PHAN UNG OXY HOA KHU

1.Khai niém :

- Céc phén tng hda hoc ¢6 th€ chia 1am hai loai:

+ Phan tng khong c6 su thay d6i s6 oxy héa clia cdc nguyén to tham gia

phan tng (phan tng trao ddi).

Vidu: AgNO; + NaCl = NaNO; + AgCl
CaCOs= CaO +
CO,
+Phén ting c6 sy thay d6i sd oxy héa clia cdc nguyén td tham gia phan tng.
Vidu: Zn + CuSO4 = Cu + ZnSOy
2KMnOy + 10KNO;, + 3H,SO4 =2MnSO, + 10KNO; +

K>SO, + 3H,0O
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a.Dinh nghia

Phén tng oxy héa khi 12 phan tng x4y ra véi su thay ddi sd oxy héa ctia mot
hay nhiéu nguyén t& ditng trong thanh phan ctia chit phan tng.

Nguyén nhin giy nén sy thay ddi s6 oxy héa clia cdc nguyén to trong phan ting
nay 14 c6 sy trao ddi dién i giita cdc nguyén tf cia nguyén td tham gia phan Ung :
nguyén tif clia nguyén td nay cho dién tlf va nguyén tif cia nguyén t6 kia nhan dién

td do.
Vi du . |— —2f
Zn

- Mdi qué trinh oxy héa khit ¢d6m hai qué trinh x4y ra ddng thoi:

+ CuSO4 — Cu + ZnS0Oy4

+ Qua trinh oxy héa : qud trinh cho dién ti.

Vidu : Qud trinh oxy héa Zn: Zn - 2 > Zn**
+ Qua trinh kht : qud trinh nhén dién t&
Vidu: Qud trinh khit déng : Cu®* + 2 — Cu

- Va hai chit c6 mit ddng thdi.
+ Chat cho dién tlr dudc goi 1a chat khit hay chat bi oxy héa.
+ Chat nhan dién ti dugc goi 1a chat oxy héa hay chat bi khi.
Vidu: Znla chat khi, CuSO4(Cu®*) 1a chit oxy héa.

- T6ng quat : Kh; + Ox» = Ox; + Kh,
Gom : Kh, o Ox,
+ ne
Ox, + ne’ = Kh,

Ta c6 hai cidp oxy héa khit : Ox1/Kh; ; Ox»/Khs.
Dang kht cta cdp oxy hda khir nay phan dng véi dang oxy héa cua cidp oxy
héa khit kia va phdn ing oxy héa khit xdy ra theo chiéu thudn hay chiéu nghich tuy

thudc ban chat cdc cip oxy héa khir va diéu kién ti€n hanh.

b. Phan loai
- Phédn @ng oxy héa kh: 2 loai.
+ Céc phén ting khong c6 moi trudng tham gia : loai phdn Gng chi gdm hai
chat tham gia phdn tng 12 chit oxy héa va chat khi.
Vidu: Zn + CuSO4 = Cu +7ZnS04
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+ Cé4c phdn tng c6 mdi trudng tham gia : loai phdn tng ma ngoai hai chat
oxy héa va khit con c6 chit thit 3 tham gia d€ tao moi trudng cho phan tng (axit,
baz hay trung tinh). Chat thit ba nay dugc goi 1a chidt moi trudng va thudng 12 axit,
baz, nuéc.

Vidu: 2KMnO4 + 5KNO; +3H,SO; = 2MnSO4 + 5KNO3 + 3H,0
+K»S04
Chat oxy héa chat khit mdi trudng (axit)

Dang oxy héa va dang khit § day c6 thé gdm nhiéu chat :

MnO,- +8H* + 5e’ = Mn™ + 4H;0
Dang oxy hoéa Dang khi

NO,- + H,O -2¢’ = NO;-+2H"
Dang kht Dang oxy

2. Can biing phuong trinh phin ng oxy héa khit :

+ D€ cin bing phin @ng oxy héa khit, ta dua vio hai neuyén 1y:

- Nguyén 1y bdo toan dién tif : s& dién tf ma chat khit nhudng ra bing s§ dién
tlr ma chat oxy héa thu vao.
- Nguyén 1y bdo toan sd nguyén t : s6 nguyén tif clia mdi nguyén td truéc va

sau phan tng phai dudc bao toan.

a.Phuong phdp ldp so do can bang dién tit : Gdm céc budc sau

- Viét phuong trinh phén ting (chat tham gia, sin phim).

- X4c dinh s oxy héa clia cdc nguyén td qua d6 xdc dinh cdc nguyén td thay
ddi s6 oxy hoéa, chat oxy héa, chat khi.

- Viét sd dd clia qud trinh nhudng dién t clia chit khit va qué trinh nhan dién
tlr cia chat oxy héa.

- Can biing s dién ti¥ trao ddi va xdc dinh cdc hé s chinh clia phuong trinh
(cdc hé sd trude phan tir hay ion ¢6 chita nguyén ti thay ddi s6 oxy héa).

- Can biing s& nguyén it clia cdc nguyén td c6 trong phuong trinh (khong ké H
va O néu phan ting trong dung dich nudc).

- Can bing so nguyén tir H.

- Kiém tra lai s6 nguyén ti¥ O, néu cin bing, phin Gng da viét xong.
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Vidu
+4 +7 +6 +2
Na2503 + KMnO,4 + H,SOs  — Na,SOq4 +K,SO4
+ MnSOq,
Chatkhit  Chat oxy héa
So db can bing diénty: S - 2e = S* x5
Mn*’+ 5¢ =

Mn*  x2

Viét cdc hé s vao phuong trinh va cin bing s6 nguyén tif K,Na,S:
5Na,SO; +2KMnO4 + H;SO4 < 5Na,SO4 +K,SO4
+2MnSOy4
O v& trdi c6 6 nguyén ti H nén v& phai cin thém 3 nguyén t& H,0:
5Na,SO; + 2KMnO4 + 3H,SO4 =5NaS04 +K5SO4  +2MnSO4+3H,0

Kié€m tra lai s6 nguyén ti¥ oxy thdy can biing nén phin tng da viét xong.

b. Phuong phdp niia phan iing
Ciing gidng phuong phdp trén nhung viét phuong trinh electron—ion ddi véi
qud trinh oxy héa va qua trinh kh.

- Can bing phdn tng oxy héa —khtf trong mdi trudng axit:

Vidu: KMnO; + KNO, +H,S0q4 — MnSOs + KNO; +K,SO4 +
H,O

+ Chat oxy héa : ion MnOy-
+ Chat kht : ion NO,-
Phuong trinh ion-electron cua cdc qua trinh khit va oxy héa la:
MnOs-+ 5S¢ — Mn?*
NO;- - 2e - NO3-

Ta nhan thdy cdc phudng trinh nay chua can bing. O day c6 sy tham gia cla
moi trudng vao qud trinh khit va oxy héa. P& cin biing phuong trinh nay, ta st dung
qui tic : thém H* vao dang oxy héa, thém H,0 vao dang khit véi ludng tuong ng.

Tir d6, hai qud trinh trén dugc viét :

x2 MnO4- +8H' +5¢ — Mn™ +4H,0
x5 NO,- +H,0 -2¢ — NO;- +2H"
2MnOs- +5NOy>- +6H"  — 2Mn”* + 5NOs- + 3H,0
Vay phuong trinh oxy héa—khir dugc cin bing :
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2KMnOy4 + SKNO»+ 3H,SO4 = 2MnSO4 +5KNO;3; +
3H,0 + K,SOq4
- Can bing phdn tng oxy héa — khif trong moi trudng trung tinh.
Vidu: KMnOy4 + KNO; + H,O — MnO; + KNO3; + KOH
+ Chat oxy hoa : MnOy-
+ Chat khtt : NO»-

D€ thiét 1ap phuong trinh ion-electron trong trudng hop nay ta si dung qui tic,
ddi véi qud trinh khit : thém H,O vao dang oxy héa, thém OH vao dang khtt, doi
v6i qud trinh oxy héa : thém H" vao dang oxy héa, thém H,O vao dang khit véi
lugng tuong Ung.

Tir d6, hai qud trinh khit va oxy héa clia phdn dng trén 1a :

2x MnOgy4- +2H,O + 3¢ =MnO, + 40H"
3x NO,- +H,0 -2¢ =NO; +2H"
2MnQOy4- + 3NO,- + H,0 = 2MnO, + 3NO;3;- +
20H
Vay phuong trinh oxy héa khit dudc cin béng :
2KMnOQOy4 + 3KNO;, + H,O = 2MnO, + 3KNO; +
2KOH
- Can bing phdn ting oxy héa khit trong moi trudng baz.
Vidu: KClO; + CrCl; + KOH = K,CrO4 + KCI +
H,O
ChAt oxy héa : ClOs-
Chat khir : Cr*

D€ thiét 1ap chuong trinh ion-electron trong trudng hop niy, ta s dung quy tic:
thém H,O vao dang oxy hda, thém OH vao dang khir véi lugng tuong Gng.
Tur d6, qué trinh khir va oxy héa cia phan tng trén 1a :
ClOs- +3H,O +6e" =CI'  + 60H
2x | Cr’* +80H -3¢ =CrOs” +4H,0

ClOs- +2Cr’* + 100H =CI'  +2CrO4” + SH,0
VAay phudng trinh oxy héa — khit dudc cin bing:

KCIO3 + 2CrCl; + 10KOH = 7KC1 + 2K,CrO4 + 5SH,0
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IIL. PHAN UNG OXY HOA KHU VA DONG PIEN - NGUYEN TO
GANVANIC

1.Phdn iing oxy héa khit va dong dién:

Héa ning clia cic phan ing oxy héa khir c6 thé chuyén thanh nhiét ning hay
dién ning thy thudc vao phuong phap ti€n hanh phin tng.

Vi du: Phan @ng: Zn + CuSO4 =ZnSO4 + Cu

- Né&u phdn tng nay dugc ti€n hanh bing cdch nhiing thanh Zn vao dung dich
CuSO, (chat khit va chit oxy héa ti€p xic truc ti€p vdi nhau) thi hdéa ning clia phdn
ing s& chuyén thanh nhiét ning : AH=-51,8 kcal

Céc qud trinh oxy héa va khi s& x3y ra & mot noi va dién ti sé chuyén tryc
ti€p tir chat khit Zn sang chit oxy héa CuSO,.

(N€&u phan ting nay dudc thyc hién trong dung cu dic biét d€ cho Zn va CuSOy
khong tiép xic truc ti€p vdi nhau, cdc qud trinh oxy héa Zn va khit Cu** x4y ra §
hai ndi c4ch nhau trong khong gian va cdc dién ti¥ chuyén tir chit khir Zn sang chat
oxy héa CuSOy).

- Néu phan @ng nay dudc thuc hién trong dung cu dic biét, d€ cho Zn va
CuSO, khong tiép xic truc ti€p v6i nhau, cdc qud trinh oxy héa Zn va khi Cu**
x4y ra & hai ndi cdch nhau trong khong gian va cdc dién tr chuyén tir Zn sang Cu*
khong tryc ti€p ma qua diy din kim loai thi héa ning cda phdn tng s& chuyén
thanh dién ning : ¢6 mot dong dién xuit hién chay qua diy din véi dién lugng 1a
212.500 Volt Coulomb.

Dung cu dic biét nay goi 1a nguyén td Ganvanic hay pin dién héa hoc.

2. Neuvén té6 Ganvanic :

Nguyén t6 Ganvanic 12 thiét bi cho phép thu dién ning dwa trén phdn tng oxy

héa khit xay ra trong no.

a. Cdu tao ciia nguyén t6’ Ganvanic

Nguyén t& Ganvanic c¢6 ciu tao don gidn : gdm 2 dién cuc ndi nhau bing sgi
day din kim loai.

- Pién cuc 12 hé thdng gdm thanh kim loai nhiing trong dung dich mudi cta né.
Hé thong nguyén t6 Ganvanic nhu vay lam cho phdn tng oxy héa khir x4y ra trong

né bi phan chia thanh hai qua trinh oxy héa va khit, mdi qud trinh x3y ra & mot dién
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cuc va dién t¥ s& chuyén tir chit khit sang chit oxy hoéa theo diy din kim loai
(mach ngoai).
Vi du : Pin dong/kém : Nguyén t& Ganvanic dudc tao thanh tif hai dién cuc Zn

va Cu.

Mang x3p

Zn

B

ZHSO4 CUSO4
* Pién cuc Zn : thanh Zn nhing trong dung dich ZnSO4
* Pién cyc Cu : thanh Cu nhiing trong dung dich CuSO4

Hai dung dich dugc phin cdch nhau biing mang x6p d€ khdi bi tron 13n nhung
van ti€p xiic dugc véi nhau.

Hai thanh Zn va Cu dudc ndi nhau biing diy din kim loai.

b. Léop dién tich kép

Nhing mot tdm kim loai vao nuéc (vi du : Zn), dudi tdc dung cta cdc phan tir
nudc c6 cyc, mot s& ion kim loai tdch khéi bé mit kim loai va chuyén vao dung
dich duéi dang ion hydrat héa. Do d6, tim kim loai dién tich &m va dung dich tich
dién duong ion kim loai di vao dung dich cang nhiéu, tim kim loai tich dién 4m
cang 16n, do dé sé hiit c4c ion duong (trong dung dich) cang manh, 1am cho mot s&
ion két tlia lai trén mit tAm kim loai. Tir d6, mdt can bing dong dugc thiét 1ap :

M + mH,0 — ne” < M"".mH,0 (dung dich)

Nhu vay, khi nhing thanh kim loai vao nuéc hay dung dich mudi cda né, giita
bé mit kim loai va dung dich xuat hién mot 16p dién kép véi mot hiéu thé xdc dinh.
Do 16n ctia thé hiéu phu thudc vao ban chit kim loai va ndng dd ion kim loai trong
dung dich. Th& hiéu nay dic trung cho hé thdng dién cuc dd chon va dudc goi la

thé€ dién cuc.
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Su xuét hién 16p dién kép khi nhing thanh kim loai vao dung dich mudi ctia né

hay vao nudc.

Nhu vay ddi véi cdc dién cyc kém va dong ciing sé& c6 16p dién kép xuit hién &
bé miit ti€p xdc gifta Zn vdi dung dich ZnSOy, va gifta Cu v6i dung dich CuSOy, va
dudgc dic trung bing nhitng th€ dién cuc riéng ctia minh.

c. Hoat djng ciia nguyén t6' Ganvanic Cu-Zn

Khi déng mach tic 12 ndi cdc thanh Zn va Cu lai v6i nhau bing diy din kim
loai, nguyén t& s& lam viéc va mot dong dién xuat hién lam I&ch kim dién k€.
Trong hé c6 nhitng qua trinh sau :

-0 dién cuc Zn : do Zn hoat dong hon Cu nén thanh Zn chita nhiéu dién t& hon
thanh Cu. Do d6 khi d6ng mach thi dién t¥ s& tif thanh Zn chuyén sang thanh Cu
lam mAt cAn bing 16p dién kép & dién cuc Zn nén cdc cation Zn** & 16p bé mit
thanh Zn ti€p xtc vdi dung dich ZnSOy4 lai ti€p tuc tich ra d€ lai dién ti trén thanh
Zn.

Qud trinh nay goi 1a qud trinh dién cuc (hay dién héa) va dudc bi€u dién bing
ban phan tng (hay phuong trinh dién héa).

Zn < Zn*t o+ 2e

Nhu vay thanh Zn bi hoa tan (hay bi oxy héa) va ngudi ta néi trén di€n cuc Zn
dién ra qué trinh oxy héa (dién cyc 4m).

- 0 dién cuc Cu : dién t& tir thanh Zn chuyén sang s& lam mat can bing 16p
dién kép & dién cuc Cu. P& thiét 1ap lai cin bing, cic dién ti¥ nay s& két hop véi
cdc ion Cu®* hydrat héa trong dung dich thanh Cu va két tia trén thanh Cu.

Qua trinh nay dudc bi€u dién bing phudng trinh dién héa:

Cu®t + 2e’ = Cu
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- Trén dién cyc déng x4y ra qud trinh khir dong.

- Phin ting oxy héa khit chung : Zn + Cu®* = Cu + Zn**

- Bién cuc Cu, trén d6 xdy ra qua trinh kht dugc goi 1a dién cuc duong.

Trong qué trinh nguyén t6 Ganvanic Cu - Zn lam viéc, § mach ngodi (ttc theo
day din), dién ti tir dién cuc Zn chuyén sang dién cyc Cu, tifc theo qui uSc ta c6
dong dién chay tur di€n cyc Cu (cyc duong) sang dién cuc Zn (cuc am).

- Ky hiéu nguyén t& Ganvanic Cu — Zn biing so dd sau:

(-)ZnlZnSO4 Il CuSOy4 | Cu (+) hay (-)Zn 1Zn**IICu®*ICu(+).

- Téng quat: (-)M; ldung dich Mjlldung dich Myl My(+)

M : Kim loai. Dung dich M: dung dich mu&i kim loai.

IV. SUC PIEN PONG CUA NGUYEN TO GANVANIC
- Nguyén t6 Ganvanic dugc thanh 14p tir 2 dién cuc c6 thé dién cuc khic nhau

nén phdi c¢6 1 th€ hiéu V xuit hién giita 2 dién cuc. Thé hiéu nay c6 gid tri cyc dai
Vo khi nguyén t6 Ganvanic hoat dong thuan nghich titc phdn tng oxy héa khit co s&
cta n6 dién ra thuan nghich.
Thé hiéu cyc dai d6 dudc goi 1 stic dién dong cia nguyén t& Ganvanic.
- Khi mot phan ng héa hoc x3y ra thuin nghich & diéu kién nhiét do va 4p
sudt khong d6i, né c6 thé thuc hién mot cong ich cuc dai A'm
A'm = -AG
Nhu vay, khi nguyén t6 Ganvanic hoat dong thuin nghich (cling trong nhitng
diéu kién d6) thi né cling san sinh mdt cong ich ¢6 cuc dai ti 1€ thuén véi stic dién
dong va lugng dién nguyén t& Ganvanic sin sinh ra.
A'm = +nFV,= nFE hay AG
= -nFE
E : Sttc dién dong ctia nguyén t6 Ganvanic
n : S& duong luong gam chit di tham gia phan tng (s dién t trao ddi
trong phan tng).
F : S6 Faraday

T
1l

96500C (né€u A'm tinh biing J )
F = 23062 cal/V (néu A'm
tinh biing cal)
Xét nguyén t& Ganvanic hoat dong thuin nghich dua trén phan tng oxy hdéa
khi tong quat.
aOx; + bkh, = cOx, + dkh;
Taco: AG = AG’ + CCoxz Cdkhl
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RT In Caoxl Cbkh2
Cox2 Cni
0oX
-nFE = -nFE’ + RT ” -
C ox1 C kh2
Cox2 Cni
0oX
-nFE = -nFE" + RT ” -
C ox1 C kh2
0 RT Ccox2 C khl <
E=E"- In " 5 : phuong trinh Nerst
nF Couxt Cm

E’ : Stc dién dong tiéu chudn cia nguyén t6 Ganvanic, né 12 hiing s6 ddi vé6i
mdi phin dng oxy héa khit x4y ra trong nguyén t& § 4p sudt latm. E” chinh 12 stdc
dién dong clia nguyén t& Ganvanic khi ndng dd (hay hoat do) cda cdc chat phan

tng bing 1.

V. THE PIEN CUC VA CHIEU PHAN UNG OXY HOA KHU

1. Thé& dién cuc:
Mbi hé thong dién cuc c¢6 dai lugng thé hiéu dic trung goi 1a thé dién cyc.
Nhung hi€n nay chua thé do dugc th€ dién cuc nay mdc du cé thé x4c dinh dugc

chinh x4c stic dién dong clia nguyén t6 Ganvanic tao thanh tir 2 hé théng dién cuc.
Nhitng dai lugng thé dién cyc dang dung chi 1a nhitng dai ludng qui u6c dic
trung cho thé€ hiéu cla cdc dién cyc. Pai lugng qui udc nay duge xdc dinh dua trén

viéc so sanh véi th€ dién cuc clia dién cyc hydro tiéu chuin ((pOH2=O).

- Dinh nghia: ~ Th€ dién cuc clia 1 dién cuc 13 dai lugng bing thé& hiéu cia
n6 so véi dién cuc hydro tiéu chuin.

Ky hiéu thé& dién cuc : ¢.

Nhu vay: AG = -nFo
AG’ = —nF(p0
¢’ : Thé& dién cyc tiéu chuén; n : s¢ dién td trao ddi trong qud trinh dién
cuc.

- M1 lién hé gitta th€ dién cuc va sic dién dong:
Xét nguyén t& Ganvanic Cu-Zn
(-)Zn/ZnSO4//CuSO4/Cu(+)
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AGcu/zn = -2FEcwzn = (AGc -
AGy) = AGgy - AGz,
Hay -2FEcuzn = -2F@cy + 2F oz, = 2F(pcy -
®zn)
Tu dayEcwzn = ¢Ocu - Pzn
Téng quat : E _ 04 -
.

Stic dién dong cua hguyén t6 Ganvanic bing hiéu cdc th€ dién cuc clia dién
cuc dudng va dién cuc am.
- Phuong trinh Nernst thé dién cuc.

Xét nguyén td Ganvanic Cu-Zn:

RT Czn2 RT RT
Ecwzn= + (¢’ LnCex - 0% LnCZn
E’cuzn - 2F i Ccuw T+ 2F +) ( n +? 2
+
= Qcu - QPzn
Suy ra:
L
Pcu= Pat Top InCcy
0o, R
¢Ozn = Pt g InCz,
D&i v6i phuong trinh dién cuc tong quét : Ox + ne” <> Kh thi:
0 RT Cox
() O + NE Ln Cur

Phuong trinh Nernst
Trong doé:
n  :sOdién tif trao ddi cia mdi ion trong qud trinh dién cuc
F  :s0 Faraday- R: hiing s8 khi- T: nhiét do tuyét doi
Coxs Ckn : tich ndng d6 cdc chat tham gia dang oxy héa va dang khi.

Thay T=2980k; R= 8,31 J/mol d6; F=96.500 Coulomb, ta cé:

. 0,059 Cox
o= ¢+ N Ig Cu
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Pay 1a cong thic tinh thé dién cuc ciia dién cuc bat ky & 25°C.
- Khi Cox=Cyp =1 thi ¢ = ¢°. Vay thé& dién cuc tiéu chuén 1 th& dién cuc cla
qud trinh dién cuc da cho khi ndng dd (hay hoat do) cdc chit tham gia qud trinh

dién cuc bing mot don vi.

- C4ch xdc dinh thé& dién cuc:

+ N&i dién cuc nghién citu véi dién cuc hydro tiéu chuin thinh nguyén t&
Ganvanic.

+ Do sitc dién dong clia nguyén t6 tao thanh.

+ Néu dién cyc nghién cifu tich dién am so vdi dién cuc hydro tiéu chuin

tifc trén dién cuc nghién citu x4y ra qua trinh oxy héa thi:

E = o -9 = Qu2 - (Ponghién cttu = ‘(Ponghién cttu
Hay: (pO = -E°
Vidu:  (-) Zn/ZnSO4//H*/H, (+) ,E’=+0,763 V
Vay th& dién cuc cia dién cuc Zn 0% =-0,763V

+ Néu dién cuc nghién ctu tich dién duong so vdi dién cyc hydro tiéu chuin

tic trén dién cuc nghién ctu xay ra qua trinh kh thi:

EO = (POH/C - (POHydro = (Ponghién citu
Vidu: (-) H, /H* //CuSO4/Cu** (+) ,E*=0,337V
Thé dién cuc clia dién cuc Cu  : o'cu =0337V

- Quy udc vé diu thé dién cyc : c6 hai quy uSc
+ Quy u6c Chiau M§: diu cta th€ dién cuc phadi c6 § nghia nhiét dong tic

phai néi 1én dugc kha ning xdy ra clia qua trinh dién cyc.
Vi: AG = -nFo : néu qué trinh dién cuc x3y ra 2 0>0
AG = -nF¢ : néu qué trinh dién cuc khong xdy ra : <0
Vi du: Khi do th€ dién cuc clia dién cuc Zn bing cdch so sdnh vdi dién cuc
hydro tiéu chuén thi § dién cyc Zn x3y ra qud trinh oxy héa:
Zn < Zn™t +2e

AGz, = -2Fpz, <0 nén @z,>0

Pzn =
+0,763V
Qud trinh khir: Zn** + 2e” e Zn
AGz, = -2F@z, >0 nén ¢z, <0
Pzn = -
0,763 V
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+ Qui wéc Chau Au: thé€ dién cuc ciia bat ky dién cuc ndo & diéu kién nhat

dinh ciing chi c6 mdt dau 1a Am hay dudng phu thudc vao ban chat clia dién cyc so
vdi dién cuc hydro tiéu chuidn cht khong phu thudc vao chiéu viét qud trinh dién
cuc.
Vi du: Zn o ZnT+2e ;0% =-0,763V
n**2e < Zn ;0% =-0,763V

2. Chiéu cia cdc phan ing oxy héa:

Piéu kién tong quit quyét dinh chiéu ty dién ra cla cdc phdn @ng héa hoc 1a
th€ ding 4p cla qud trinh phdi gidm (AG <0).

D6i véi phan ting oxy héa khit, ngoai dai ludng AG, con cé thé dya vao dai
luong thé dién cuc dé xét chiéu ciia chiing:

Ta c6 céc cidp oxy héa khit ox; /kh; va oxo/kh, vdi th€ dién tuong dng:

0X| + ne < khy @
0X3 + ne’ = khy , @2

Khi trdn cdc cip oxy héa khit nay vSi nhau sé ¢6 phan ing oxy héa khit xay ra:

0X| + kh, < kh; + 0X»

Theo chiéu thuin, phan tng c6: AG <0

AG = -nFE + -nF(p;-0.) = -nF(¢; -¢2)<0

Hay : P1> 02

Cip oxy héa khtr ¢6 th€ dién cuc 16n hon sé déng vai trd chit oxy héa vi trén
dién cuc tuong Gng, cdp oxy hdéa- khit d6 phdi xdy ra qud trinh khi.

(ox1 + ne = khy).

Cip oxy héa khi¥ ¢6 th€ dién cuc nhd hon déng vai tro chat khit vi trén dién cuc

tuong dng cip oxy héa — khir d6 phdi xdy ra qué trinh oxy hda :
(kh, = 0X> + ne’).

Vi hiéu s6 @; > ¢, cang 16n (AG cang 4m) thi phdn tng oxy héa khit x4y ra
cang manh va cang hoan todn nén cip oxy héa khit c¢6 thé€ dién cuc cang 16n thi kha
niang oxy hoda (tiic dang oxy héa) cang manh, khda ning khi (tic dang khi) cang
yé&u. Ngudc lai, n€u cip oxy héa khit c6 thé dién cyc cang nhd thi dang khit cang
manh va dang oxy héa cang yéu.

- Qui tic nhan biét chiéu phan ng oxy héa khit : "Phan ing oxy héa khir xay
ra theo chiéu dang oxy héa clia cip oxy héa — Khit ¢6 th€ dién cuc 16n hon s& oxy

héa dang kht clia ciip oxy héa khit c6 thé dién cuc nhd hon".
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-Trong thyc t&, ta c6 thé dua vao th€ dién cuc tiéu chuin d€ xét chiéu clia phan
ing oxy héa - khtt. Tuy nhién, viéc st dung nay chi cho két qua chinh x4c khi th&
dién cuc tiéu chudn cda hai cip oxy hod - khir tham gia phan tng phai c6 gid tri
cdch xa nhau hay khi nhiéu diéu kién ti€n hanh phan ng gin diéu kién tiéu chudn.
Khi ¢; =~ ¢, hay diéu kién phan ng khic diéu kién chuin thi phdi tinh ¢ dng véi
diéu kién thyc t& d€ x4c dinh chiéu cta phan tng.

Vidu:

- Cho phan tng oxy héa khit : Hg,” + 2Fe*? < 2Hg + 2Fe’”

- Hiy x4c dinh chiéu ctia phan ng nay khi:

Cheo+ = CFe” =107 ;CFe’™ =10"Iong/l
Cheo+ = CFe**=10" ;CFe™  =10"iong/l
Giai
Heg,™* + 2¢ <& Hg ¢"Hg,™* / 2Hg =
0,789V
Fe’* + e <  Fe*, ¢°Fe**/Fe* = 0,771
O diéu kién chuén, ndng do cdc chat bing 1 phan tng x4y ra theo chiéu thuan.
- Khi
CHg," = CFe™ = 10" va CFe™ = 10 iong/1
= 0,789 + 0,059 Ig
107! = 0,76 V
oHg,*" / ,Hg = ¢"Hg,™ 0,059 ) 0,059 LgC*Hg,.
— LgCyg + — -
/.Hg- 2 2
=0,789  +0,0591g10" = 0,76V
CFe’
(pFeS+/Fez+ _ (pOF62+ /ot
Fe’* + 0,0591¢g CFe’
.
10
=0,0771 + 0,0591¢g — =0,59V
10
Vay phén ting dién ra theo chiéu thuin
-Khi  CHg,™ = CFe* =10 ; CFe™* = 10"'iong/1
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oHg ,**/,Hg = 0,789 + 0,031g10™
0,67V
oFe**/Fe* = 0,771 + 107
0,0591g 10 0,95V
Vay phén ting dién ra theo chiéu nghich.
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