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‘Phan rng mét chiéu (pw hoan toan): = hay —

Vidu- KCIO, (r) = KCI(r) + 3/20,(K)

* Phan trng thuan nghich (pw khéng hoan toan): =

O cung dk, pw xay ra déng thdi theo hai chiéu nguoc
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Phén @ng dong thé - pu trong thé tich 1 pha
HCI(dd) + NaOH(dd) = NaCl (dd) + H,0(l)

Phan rng di thé -pw dién ra trén bé mat phan chia pha
Zn (r) + 2HCI(dd) = ZnCl,(dd) + H,(k)

Phan (rng don gian - pw dién ra qua 1 giai doan
(1 tac dung co ban) Vi du: H,(k) + I,(k) = 2HI (k)

Phan trng phirc tap — puv dién ra qua nhiéu giai doan
( nhiéu tac dung co ban)

C4c giai doan : ndi tiép , song song, thuan nghich...



Vi du 2N,O. = 4NO, + O,

Co hai giai doan: N,O: = N,O, + O,
N,O: + N,O; = 4NO,



Dinh luat tdc dung khoi lwong (M.Guldberg va P. Waage )
O nhiét dd khdng dbi, pw dong thé, don gian:

aA + bB = cC + dD
Toc d6 phan tng : v =Kk.C?3,.Cb,

Dinh luéat tac dung khoi lwong cua
Guldberg-waage nghiém dung cho cac pw
don gian va cho tieng tac dung co’ ban cua
pw phirc tap.



Can bang hoéa hoc

Phan wrng cua hé khi ly twong (pw dorn gian ):

aA (k) + bB(k) = cCk) + dD(k)
t=0 CO, Co% 0 0 (molll)
v T o Cs + c. 1 C, T

V,=V, (C,)=const (Cg),=const (C,).,=const (Cy),,=const

AG=0 (P,).,,=const (Pg),,=const (Pq).,,=const (Pp)., =const
ot




Nhan xét vé trang thai cdn bang hoa hoc

« Trang thai cbhh |a trang thai can bang déng.

»  Trang thai can bang tng v&i AG,,=0. (A=0)
«  Dau hiéu cua trang thai can bang hoa hoc:

> Tinh bat bién theo th&i gian

» Tinh linh dong

> Tinh hai chiéu.



Vi du vé
trang thai
can bang
hoa hoc

Sv tao thanh thach nhi

h

Ca?*(aq) + 2 HCO; (aq)



Hang so6 can bang cho phan rng dong thé

Hé khi ly twong
aA(K) + bB(k) = cC(k) + dD(K) (pw don gian )

Khi trang thai dat can bang: V=V,
kt'( CZ )cb'( CE )cb - kn'( CE: )cb'( C(lj) )cb
k cic:
KC - t :( : [t? )cb
k. C,C,

pzpi) (CCRT)(CDRT )d CCC(E) (c+d-a-h)
Kp:( a b )Cb :( a b )cb :( b )Cb (RT)
pApB (CART)(CBRT) CACB
AN
K = K_(RT )



Xae diinin K
2 NOCI(K) == 2NO(k) + Cl,(k)
INOCI] [NO] [Cl}]

Ban dau 2.00 0 0
Phan &ng .066 +0 .66 +0.33
Canbang 1.34 0.66 0.33
. _[no 1°[Cl, ]
[NOCI 1°
2 2
C [NO ] [CI, ] _ (0.66) (0.33) _ 0080

2

[NOCI 1° (1.34)




Hang so6 can bang cho phan trng dong thé
(Dung dich Iong , loang)

aA(dd) + bB(dd) = cC(dd) + dD(dd)

d

=~ )
b cb
B




Phan wng di pha

CaCOyy = CaOy, + COyy,

. Pco Peo, ' P caco 3
Kp:( )cb K, =K, :(p002 )cb
pCaCO 3 pCaO
KP:KCRT Kc:(CCOZ)Cb

Trong biéu thirc cla hang so can bang K khéng xuat
hieén cac thanh phan sau: chat ran nguyén chat,
chat long nguyén chat, dung moi.



Mg(OH),(r) = Mg%(dd) + 20H-(dd)
K — [M92+]Cb .[OH-]ZCb — T Mg(OH)2 - Tich Sé tan

CH,COOH(dd) + H,0 = CH,COO-" (dd) + H,0*

) [H,0"]lcH ,coo ]

K Hang so dién ly cua axit

a

[CH ,COOH |

NH,OH (dd) = NH,* (dd) + OH-(dd)

[nH L Jlon ]

K _ o x A >
b (NboH ] Hang so diéen ly cua baze




CH,COONa (dd) + 2H,0 = CH,COOH(dd)+NaOH(dd)
CH,COO- (dd) + 2H,0 = CH,COOH (dd) + OH- (dd)

. _ LCH ,COOH loH " Hing sé thuy phan
[cH ,coo ]

t



NHAN XET ve K va K
> La hang soO & nhiét d6 nhat dinh, chi phu thudc vao

ban chat pw va nhiét do, chir khong phu thudc vao
nong d6 hoac ap suat riéng phan cua chat pw

>Phu thudc vao cach thiét 1ap cac hé so trong ptpuw.

»>Hang s can bang khéng phu thudc vao chat xuc tac

»Hang s6 can bang co gié tri cang I&n thi hiéu suat pw
cang cao.



Viét biéu thire hding s cain bang

S(r) + Oy(k) «—=  SOy(k) dg‘

[SO 5 ]

[O 5 ]




S(r) + O,(k) +—= SO,(k)K,=[s0,]/[0,]
SO,(k) +1/2 O, (k) &= SO4(k)K, =[SO,] / [SO,][0,]*2
S(r) + 3/2 O,(k) <= SO4(k) K = 2?7?72

[SO 5]

— — K ¢ K
3/2 1 2
[O 5 ]

net




Thay déi hé sé ti lweng

[SO 3]
S(r) + 3/2 0,(K)== SO.(k) "~ 0,1 |

2S(r) + 30,(k) —» 2SO4(k) , _ [s057°
G new 0 2]3
2
Knew = =0 31, = (K oid )2
[O 5] |




Doi chiéu phan &ng

v [SO 2]
S(r) + OZ(k) 4__> SOZ(k) [02]
[O 5 ]
SOy(k) = S(r) + Oxk)  Kpew =
[SO 2]

K = 1/K

thuan nghich



Quan hé giira hang s6 can bang va AG
Phan *’ngdipha:aA + bB = ¢cC + dD

AG_=AG. +RT IhQ =RT n 2
K
eIl eI o]
Q: - a 1b K:ch — ]a[ :b
(ATIB] . (AT[B] ],

Chat khi ly twéng [] — P (atm)/P%(1atm)
Dung dich loang [] — C (mol/)/C°(1mol/l)

Ran nc, 16ng nc, dung méi (H,0) — 1



Quan hé giira hang s6 can bang va AG
PHAN UNG DONG THE aA + bB = cC + dD

v'Khi ly twéng

c d
PP Q Q
AGT=A62+RTIn£ ¢ D :

ab]:AG$+RT|nQP=RT|n = RT In —
PaPs /. K, K.

Khi phan &rng dat trang thai can bang: AG; =0

c d
AG. = —RT In % = -RT I K
PaPs /g
v'Dungdich ; C.Ch : Q.
, . AG,=AG +RT In| —>| =AG,+RT hQ_ =RT Ih —
long,loang ciC, ) K

Khi phan (rng dat trang thai can bang: AG; =0

N\
©
H
=
@)
N’

= K, = f(bc pw, T



Q
AG_ =RT In —
K

« Néu Q <K — AG < 0 — phan &rng xay ra theo chiéu thuan
« Néu Q > K — AG > 0 — phan &ng xay ra theo chiéu nghich
e Néu Q =K — AG = 0 — hé dat trang thai can bang

Vi du : Tinh hang s6 can bang cta phan &ng:

2 NOy NI N2O4

0 298K khi biet an’ = - -s8,000 ko va as’,, =-176 63 /K
Giai: ; ; 0
AG) =AHS —TAS,’ =-58040 +298 x 1766 = -54123]
AG’ 5412 ,3 Py o,
InKp:— = :2,185 Kp: 5 :8,9
RT 8,314 x 298 P



»Quan hé cua K, v&i nhiét do va nhiét phan rng

AG° = AH®° = TAS”®

AGO:—RTthp
AH® ASY
InK, =— i + >
RT, R
AH® AS°
InK, =— A + >
RT, R

InKZZAH°£1_1]
K, R T, T,



Vi du

+ Biet: AHC = -56,484kJ va K, = 1,3.10¢ & 25°C

InK598:AHO( 1 1 j

K298 R T298 T598

i Kess :_56484( 1 1
208 598

6 j = —11,437
13.10° 8314

InK,,. =2.64
Kss =14.02



Nguyén ly chuyén dich can bang Le Chatelier

Phéat biéu: Mot hé dang &
trang thai can bang ma ta
thay dbi mét trong céc théng
so trang thai cta hé (nong
doé, nhiét do, ap suét) thi can
béng sé dich chuyén theo
chiéu c6 tac dung chéng lai
sw thay doi do.

Henri LeChtelier (1850-1936)
An =0 ap suat chung khdng anh hwéng dén trang thai can bang.



N,(K) + 3H,(k) = 2NH,4(k) : AH<0

IN,] 1 can bang chuyén dich theo chiéu thuan
INH] | ©&n bang chuyén dich theo chieu thuan
P 1 can bang chuyén dich theo chiéu thuan

Tl  can bang chuyén dich theo chiéu thuan



Chuyén dich can bing
Co(H,0), 2* + 4ClI- = CoCl,> +6 H,0 AH_,, >0

Lam lanh

ey
=

A < L e o ————  mm e =eer ISER R SE TR = 1 1| R
e e P L P I
et ety | e g el - Lo e e,



DUNG DICH LONG

Co ché tao thanh dd 1éng

> Qua trinh vat ly — qua trinh chuyén pha AH,, ,AS,,

» Qua trinh hoa hoc -qua trinh solvat hoa
twong tac gitra chat tan va dung méi  AH.,<0 , AS_,<0
Solvat hoa vat ly

Solvat hoa hoa hoc

Twong tac gitra tieu
phan va chat tan la

yéu to hang dau
quyét dinh sw tao
thanh dd




QUA TRINH HOA TAN VA CAN BANG HOA TAN

] Hoa tan
Chat tan (r) + dung moéi - > Dung dich
C
AG = RT In g=RT In
K C bh

o ‘ Can bang A
Dung dich bao hoa AG=0 Gy C = Cp, = dO tan

Dd chwa bao hoa AG<O0 —————  C < Cj,

Dd qua bdohoa AG>0 ‘ C > Cyp,



Khai niém ve dé tan S

Pé tan - ndbng dd cla chat tan trong dd bdo hoa

CAC DUNG DICH BAO HOA O 20°C va 50°C

PO TAN
(g solute/100 g H,O)
CHAT TAN 20°C 50°C
NaCl 36.0 37.0
KClI 34.0 42.6
NaNO; 88.0 114.0
KCIO, 7.4 19.3
AgNO, 222.0 455.0
C,,H,,0; 203.9 260.4



Chat tan la chat ran
S- thwdrng biéu dién s6 gam chat tan tan toi da
trong100g dung moi_

« S>10g - chat dé tan

« S < 1g - chat khé tan

« S <0,01g- chat gan nhw khéng tan

PO TAN CUA CAC HALOGENUA KIM LOAI KIEM TRONG H,0
PO TAN (s6 gam mudi/100g dung méi)

Salt 0>2C 100°C
LiF O 2 0.14 (at. 352C )
LiCl 67 127.5

LiBr 143 266

JLAUL 5 481

NaF 4 5

NacCl 3.7 39.8

NaBr 79.5 121

Nal 1537 S0

KF 92.3 (at 18°7C) Very soluble
KCl1 27.6 D/ 6

KBr 53.5 104

KI 127. 5 208



Chat tan la chat khi
S- thworng biéu dién bang s6 ml khi (tan toi da)
tan trong 100g dung méi hoac 100ml dung moi

Chat tan la chat dién ly khoé tan

S — thuong biéu dién bang so mol chat dién ly
kno tan (tan t6i da) trong 1lit dung dich



y
N u

Do tan cua mét s6 ion thong dung trong nwéc

Nitrates, NO5~
Acetates, CobH;0,~

Chlorides, C1~

Bromides Br~
Todides, I~

Sulfates, SO,*~
Ag*, Ca’* are
slightly soluble

NH4+
alkali metal cations

142



CAC YEU TO ANH HUONG BEN B0 TAN

 Ban chat ciia dung méi va chat tan
 Nhiét do, ap suat
* Moi trrong



ANH HUONG CUA BAN CHAT CHAT TAN
VA DUNG MOl

Chat twong tw tan trong chat twong tw

 Cac hop chat c6 cwce tan tot trong dung
moi ¢co cwc hon la dung moi khong cwc

—NaCl thi :

Pé pan » Tan tot trong nudc

ke | ° Tan it trong ethyl alcohol

« Khong tan trong ether va benzene

dung moi



« Cac chat khong cwe thi tan tot trong
dung moi khong cwe hon la cac dung
MmOl cO curc.

— Benzene thi

DO pan « Khong tan trong nudc

cwc cua
dung moi il * Tan trong ether.




Anh hwéng cta nhiét dé va ap suat
Khi +dung moi = dung dich AH.<0 AH.<0
AG=0 P > d6tanS AH,. <0

Pinh luat
Henry

7o TN
| suatrié
[ cia khi =
sl tang ———— —

50—

Solubility, mg gas/100 g water

-
i 0 |
// T N
=
‘ ]
\ | H->
O 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

Gas pressure, atm



Solubility, mg gas/100 g water

Khi
4.00

3.50

3.00

dung moi

= dung dich AH, <0

T tang — d0 tan chat
khi giam

2.50
2.00
1.50 Total air
1.00 N, in air
0.50 O, in air
I I I I I I I I I
0 10 20 30 40 50 60 70 80 90 100

Temperature. °C

EOS



Chatran + dung méi = dungdich AH,,

Ap suat hau nhw khéng anh hwéng dén do tan cda chat ran
¢ dk binh thwdng.

100

AH, . <0 90

T1thi S| 3 80

g} 70

AH,>0 g

T 50

Ttthi St 5 40

Khoang 95% £ a0

hop chationcdé 3 =20

do tan tang theo 10
nhiét do.

0
0 10 20 30 40 50 60 70 80 90 100
Temperature (°C)



S THAY DOI TINH CHAT NHIET DONG
KHI TAO THANH DUNG DICH

AG ht :AH ht 'TASht

Khi +dm(l) = dung dich(l)  Ran + dm(l) = dung dich (1)
AHht :AHcp (')+AH50I(') <0 AHht :AHcp (+)+AHSO|(_) <0 hay>O

ASp= AScp(') + ASg (')<O AS,= ASCp('l') + AS,, (-) >0



Nong dd dung dich

a. Nong dd phan tram: C% = x 100 %

b. Nohgdomol: ¢, - —— )H‘ H

c. Nong do molan: c

1000 g dm

d. Nong d6 phanmol: 1,
s




CAN BANG PHA

CAN BANG DI THE
Can bang vat ly
- H,O(l) & H,0(h) can bang Iéng - hoii
+ H,O(r) = H,0(h) can bang ran - hoii
+ H,O(r) 2 H,O(l) cén bang ran - 16ng
Can bang héa hoc
CaCO,4(r) & CaO(r) + CO,(k)




GIAN PO TRANG THAI CUA H,O (HE 1 CAU TU)
dpP AH H,0(l) = H,O(h) ; AH>0

P XV TAG=0 K= Pgy=f(t)

dT T _

OC dwong hoa hovi
H,O(r) & H,0(h) ; AH>0

TAG=0 K=P,_ = f(t)

kHi OA dwong thang hoa
' H,O(r) = H,O(l) ; AH>0

0,006

OB dwong néng chay
" 1(°C)

0,01°C 3740C
« s R > , R —
O- la diem ba cua nwoc " -



AP SUAT HO'1 BAO HOA CUA CHAT LONG

NGUYEN CHAT
Po(T) Bay hoi AH > 0
L Léng Ho'
---------------- Ngung tu AH < 0
T,AG =0 Ko =(P)ep =Po Peb =Po(T)

Ap suat hoi bao hoa cua chat Iéng la hang s6 &
nhiét do xac dinh va tang theo nhiét do



Nhiét do séi ciia bat cir pha léng nao (nguyén
chat hay dung dich) ciing déu bat dau séi & nhiét
do ma tai do ap suat hoi bao hoa cua né bang ap
suat ngoai.

Doi voi chat long nguyen chat, khi ap suat ngoai
khong doi,nhiét do so6i khéng thay doi trong suot
qua trinh soi cho dén khi toan bd chat I1dng
chuyén hét thanh hoi.



PUONG CONG CAN BANG LONG - HOI

0,30

0,12

H,O(l) = H,O(h)
T,AG =0 K;=P,(T)




Nhiét dé déng dac cua bat cir pha Idng nao
(nguyén chat hay dung dich) ciing déu bat dau
déng diac & nhiét dd ma tai dé ap suat hoi bao hoa
trén pha Iéng bang véi ap suat hoi bao hoa trén
pha ran = P ngoai

Doi véi chat 16ng nguyén chat, khi ap suat ngoai
khong doi nhiét do dong dac khéng thay doi trong
suot qua trinh déng dic.



NHIET DO DONG DAC CUA NU'O'C
NGUYEN CHAT

P(atm),
5
100 |
Ran
0,006 Ho'i
A_A o :
. oo01°C ,
/ TS/:100°C t(°C)

T4 =0,000°C



Ap suat hoii bao hoa cua dung dich lédng

Ap suat hoi bao hoa cua dd la hoi can bang véi
dung dich léng.

Ap suat hoi bao hoa clia dd bang tong ap suat ho’
bao hoa cua tat ca cac cau tw c6 trong hé. P, = 2.P,

Ap suat hoi bao hoa cua dd 16ng, lodng chira chat
tan khéng dién ly, khéng bay hei chinh 1a ap suat
hoi bao hoa cua dung moi trong dung dich.




AP SUAT HO'I BAO HOA
cua dung dich long loang phan tw chira
chat tan khéng dién ly khong bay hoi

Ldng (dm)  Bayhei AFw >0 Hei(dm)

-—
Dinh luit
RAOULT I

Ngung tu AH . < 0
P ————

N3= Ngm =1 K=P, P,

Nz N <1 . . p, = p,N
1= Ny <1 (dung dich) K= P, /N, p et fut

P1=Po(1=Ny) =pg—poN, EpO_ pl5

N — - -

2

N, =1-N, R TR




P, — ap suat hoi bdo hoa clia dd 16ng, lodng chira chat
tan khong dién ly , kndng bay hoi  clng chinh la ap
suat hoi bao hoa cua dung mai trong dung dich

= pO_ Dung moi Anh huding clia ndng d chdttan t6i dp sudt hol dung dich
1 * ng chat

XPhan tol

dung moi

—_—
Vapor pressure of solvent

)
@
[

S

2 "Pl.an tochafitan

—~— O :
1 N 2 B ‘kndng bay hoi

® 2004 Thomson/Brooks Cole

Ap suat hoi bao hoa cﬂa’dung moi trong dung
dich luén nho hon ap suat hoi bao hoa cua dung
moi nguyén chat & cung nhiét doé . P, <P,



1 atm

Long Dung moi
nguyén chat

q

Pure solid]
solvent

Triple point
of solvent

P — Hoi Tcladd
'/'/ T4 cua dd
|

Pressure

Triple point i >
of solultlon - Td Caa dm TS cua dm
ATd Temperature ATS
Pinh luat Raoultiilal . =1 — [ = k




Dung moi Tsei (°C) Ks (°C/m) | T4q (°C) Kg (°C/m)
Water, H,O 100.0 | 0.52 | 0.00 1.86
Benzen, 80.1 253 | 3.5 5.12
C:6H6

Ethanol, /8.4 1.22 | -114.0 | 1.99
C,H,O

Carbon tetrachloride, 7 6 . 8 5 . 02 - 2 2 2 9 . 8
CCl,

Chloroform, 61.2 3.63 | -63.5 | 4.68




Nhiét do soi cua dung dich long phan ttr cao
ho'n nhiét do s6i cua dung moéi nguyén chat

T_(ddipt ) > T (dm)

Nhiét do dong dac cua dung dich long phan
twr thap hon nhiét do dong dac cua dung moi
nguyén chat

Tag (H20) >Tyq (dd) T, (ddlpt ) < T (dm )

o F ® e o .
s ... B Tinh thé dung méi
-] . = & o ”
" 3gises a:::':'ff::/ nguyen chat

Gl ¢ Pure water

: i ¢ Ethuylene glycal
oM (without zolute) L

zalution
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ANH HUONG NONG PO CHAT TANDPEN T, T,

P(atm), No TPyl

1,00

0,006

N2 1



Nhan xeét

. BO| Vo dung dich chwa bao hoa, nhiét do soi la nhiét do
bat dau séi, nhlet do dong dac la nhlet do bat dau dong
dac. Trong qua trinh soi hay déng dac do nong dé dd tang
lién tuc nén nhiét do soi tang lién tuc, nhiét do donq dac
giam lién tuc.

* Khi dung dich bao hoa, nhiet do soi va nhiet do dong dac
maoi la hang sO. Nhiet do dong dac nay goi la nhlet do
otecti, ca dm va chét tan dong th&i két tinh tao thanh hén
hop otecti (hdn hop co’ hoc hai loai tinh thé )

T RRRRRRRRR————,
AT =T~ T-100 =kC T4AT, =0-T, v=k.C 1

d

> diphu U



Ap suat tham thau =«

Sw tham thau va ap suat tham thau

Osmotic Applied pressure needed to

prevent volume increase
ri—— =\

pressure
e — =

movement
of solvent

Solution
J Net

] _ Mang ban tham
Dinh luat Van’t Hoff e e o ¢ o

i 3/6 * ® T L] /H2O

molecule ® .
72- — C RT Hydrated s ",' - El * *
B - e . ® = "°.
‘ S e
o ® —s . ®

s ® 3 o

® 2004 Thomson/Brooks Cole



Nhan xét

Dinh luat Raoult va Van’t hoff chi dung
cho dd long ly twong va cac dd thwe co
nong d6 chat tan rat nho (dd loang)

Poi v&i dd thwe (khdng ly twéng) ap suat hovi riéng

phan c6 thé co6 gia tri I&n hon (sai Iéch dwong) hoac
bé hon (sai lech am)so vé&i gia tri tinh theo dl Raoult




Sy khac biét cua dd dién ly
so vé&i dd Iong phan tw
> Dung dich dién ly dan dién

» Dung dich dién ly khong tuan
theo dinh luat Raoult
dinh luat Van’t Hoff

A strong electrolyte conducts
electricity. CuCl; is completely
dissociated into Cu® and Cl- ions.



DUNG DICH DIEN LY

i |4 hé s6 dang trwong hay hé s6 Van’t Hoff

_s0 tiéu phan ch tan/dd d ly (s6 ion ,s0 ph t&r khéng dién ly)
| =

s phan tlr chat tan hoa tan(=s6 tiéu pan c tan/ ddi p t& )

m- sO ion trong 1 phan t& (nguyén dwong > 2)
Dung dich diénly 1<i<m ;
Dung dich long pan twr i = 1



Long - - Ho'i

Nguyén chat N,=0, N,=1 P,

Dd 16ng pan t&, N, —s0 tp chat tan =N, W

Dd dién ly , N, —i.N, by o v e
C,, —l.Cp, i i- - | ‘i i m
C,, (moli)—i.c,, ﬂ

*



Trong cung diéu kién P_> P,(ptt) > P,’(dly)
T.(dm ngchat) < T.(dd pttr) < T’.(dd dly)

T4(dm ngchat) >T,(dd phttr) > T’4(dd dly)

7 (dd phtwr ) < 7’ (dd dly)
Ran| | \ C

P(atm),

Hoi |

T'4(dl)<T4(pt)<T4(dm) Ts(dm)<Ts(pt)<T’s(dl)

t(°C)




S’ DIEN LY

MA Qua trinh Hydrat hoa  (m+n) H,0O
(co cuc ) : 1 " (co cuc)
NaCl, HCl, v+ nH, 0 + A~.mH, O
CH,COOH..

Trong dung dich khong co ion tw do
ma chi co ion bi hydrat hoa

QUA TRINH HYDRAT HOA
AH,, <0 va AS, <0



Hop chat ion —» qua trinh phan ly cac ion
NaCl(r) + (n+m) H,O = Na*.nH,O0 + ClI- mH,O

Trong dd khéng con phan t¥ NaCl  » “& < .

Pa s6 cac muoi dién ly hoan toan.
Muoi dién ly kém : muoéi axit (H*);
muoi baz (OH’) ; mudi phuirc.

©2001 Brooks/Cole - Thomson Learning



Hop chat cdng hoa tri c6 cwe — qua trinh ion hoa.

H3* .. .CI5- - H*..CI — H*(dd) + CI (dd)

Kién tric cé cwc  Kién truc ion

Nhiéu hop chat CHT phan cwe manh — dién ly hoan toan
HCI (dd) + H,O = H;0*(dd) + Cl(dd)
Trong dung dich khéng con phan twe HCI
Nhiéu hop chat CHT phan cwe yéu — dién ly khéng hoan toan
H,S (dd) + 2H,0 =& S# (dd) + 2H,0* (dd)
Trong dung dich con phan tw H,S



Néu chat tan cé nhiéu kiéu lién két hoa hoc khac
nhau thi qua trinh phan ly theo trat tw sau:

>1 . Lién két ion (dién ly hoan toan )

» 2 .Cong hoa tri phan cwc manh (khong hoan toan)
NaHSO, (dd) = Na+ (dd) + HSO,(dd)
HSO, (dd)+ H,O =& H;0*(dd) + SO, (dd)

Sw phan ly khéng xay ra cho nhirng Ik céng hoa
tri khéng phan cwc



Po dien ly a

so phén tr phan ly thanh ion ¢ (phanly )

Tong s6 phan tir hoa tan trong dung dlch ¢, (bandau )

0L a<l o=0ddIlong phan tw

o =1 dién ly hoan toan
i—1 A
A

o = o =

Cong thire xac dinh do dién ly 01

n- s6 mol chat tan hoa tan

an- s6 mol chattan diénly  (n-an) so mol chat
p _ tan khong dién ly
anm - s6 mol ion

n m + (N —n
= — ( a):1+oc(m—1)
n




Cac yéu to anh hwéng déen do dién ly o
>Ban chat chat tan va dung moi
Dung méi c6 cwe yéu o nho
Dung moéi c6 cwc manh o I&n
»>Nong dd dung dich
C giam thi o tang
C->0thioa—1
»Nhiét d6 tang thwong o tang



Quy wére danh gia do diénly O

Trong dd nwéc 0,1N & 25°C.
a > 30% chat dién ly manh
3%< a < 30% chat dién ly trung binh
a < 3% chat dién ly yéeu



CAN BANG TRONG DD CHAT DIEN LY YEU

A.B (dd) 2tlonhoa mAM(dd) + nB™(dd)
Qt phan tw ro§'\+ el
< A ] .[B ] Bieéu thirc cua
Hingsédienly =~ [a g | dltacdung

khoi lwong

Hang so dién ly 14 hs can bang cla gt dién ly nén la dig déc
treng cho moi chat dién ly va dung mdi, phu thudc vao nhiét do.

Axit — hsdly ky hiéu K, — Pic trwng cho cwéng do
Baz — hsdly ky hidu K, __, Axit-base
Trong dd nwéc: K, K, < 104 — axit yéu, base yéu



QUAN HE GIFA K va a

AB (dd) S A*(dd) + B+(dd)
Ban dau C,

Pién ly Cya Cya Coa
Héng Sé dlén |y A C 2 Bléu thitre toan
K = 278 ol hoc cua dl pha
C e 1- o |odng Ostwald

Khia<<l:(1-o)=1—
thuwong a <0,05)



AXI

- BASE YEU DA BAC

» Hang so6 dién ly cac bac gidm dan theo trat tw sau:
K, >K, K, >K,...
> Hang so diénly chung: K=K,.K,.K;.K,...

Trong thwc té thwdng chi chd y dén sw phan ly bac thi nhat

Muoi

Pa so muoi thudc loai dién ly manh: KCI, NaF...

Céac mudi dién ly kém : mudi axit (H+),mudi baz(OH-),mudi phtrc.



HANG SO PIEN LY CUA CAC AXIT bA BAC

Name Formula K, K, Kas
Phosphoric acid H;PO, 7.5 %107~ 621072 4.8 X110
Arsenic acid H;AsOy4 § X 102 810+ 6% 107
Carbonic acid* H,CO; 43x1077 4.8x 107
Sulfuric acid H,S0, Large 1.2 % 1072
Sulfurous acid H,SO; LS 1052 1.0i< 1077
Hydrosulfuric acidt  H,S 1.0 51057 ~10""

Oxalic acid H,C,0, 6561075 61 107
Ascorbic acid H,C.HOs 7.9%x10° 1.6x1071?

(vitamin C)

*This is really CO,(aq).
"The K,, value for H,S is quite uncertain. Its small size makes it very difficult to measure.




Na,HPO, (dd) = 2Na*(dd) + HPO,(dd)
HPO, (dd) &  H*(dd) + PO, (dd)

K;[Fe(CN)](dd) = 3K*(dd) + [Fe(CN)]*(dd)
[FE(CN)s]>(dd) & Fe3(dd) + 6CN-(dd)
Fe " Jlen T

K =
[Fe (cN )27 ]

kb

Hang s khdng bén cua phirc

Fe3* (dd) + 6CN-(dd) S [Fe(CN)J? (dd)

1 [Fe(eN )y ]

Hang sb bén cla phirc K., - :
K [Fe o ][CN _]

b



Cén bang trong dung dich chéat dién ly khé tan va
tich s6 tan.

AICl ) © Ag ., +Cl_ K=C ,C =T

dd Ag cl AgCI

n

AmBn(r) <~ MA (dd )

+nB " TAB:Cn+C

(dd ) m By A B™~

»>Tich so tan cia mét chat phu thudc:
v'Ban chat clia dung méi va chat tan
v Nhiét d6



Diéu kién hoa tan va két tha cia chat d ly khé tan.

AmBn(r) <~ MA (aa) T nB (dd )

A" [B" ] > T, . >Chét dién ly sé két tua

n

(A" ] [8" |'<T,, >Chatdiénly sétan



Tich s6 tan va dd tan cuia chéat dién ly kho tan.

AmBn(r) < MA (dd ) + nB (dd )
S[mol/l] mS nS
-I-AmBn — C An+ X C Bm_

Do tan trong \/T
z _  (m+n) AmBy
nwo'c S = -



Anh hwédng clia céac ion trong dung dich dén
dd tan cia chat dién ly khé tan.

n

A.B ) © MA o +nB
Trong nuoc S[mol/I] mS nS
Thém ion cung loai:
[AM =X >>S S’[mol/l] mS+X~X nS’
T, o = (ms )" .(nsS ) = X ".(nS )"

— S« S
Khi c6 mit ion cung loai dé tan sé giam nhiéu




Sw ion héa va tich sé ion ciia nwéc
D6 dan dién caa H,0 = 5,54.10-18Q1.cm™?

H,O + H,0 & H,0* + OH-

~14

K =[H,0 J[OH 1=10

pH = -1g[H30"]
pOH = -Ig[OH]
pK =-IgK

pK, = pH+ POH = 14



Chi s6 pH va méi trwdng dd
> Trong nwéc nguyén chat va méi trwdng trung tinh
[H;0*] = [OH] = 107 pH =7
> Trong dung dich axit co méi trirong axit
[H;0*] > [OH] pH <7

> Trong dung dich baz c6 moéi truroong baz

[H,0*] < [OH] oH > 7



Cac phwong phap do pH cho cac dd nwéc

@) Giay do pH (dinh tinh)  (b) May do pH(dinh lwong)



CAN BANG ION TRONG DUNG D|CH AXIT BAZ

a. Thuyét co dién caa Arrhenius

b. Thuyét proton Bronsted



Thuyét c6 dién ciia Arrhenius

>Axit: chat dién ly cho ion H,O* trong nwéc

HCI(dd) +H,O(l) R H,O*(dd) + Cl-(aq)
HNO,(dd)+H,O(l) - H;0*(dd) + NO;(aq)

0. . 9 .
0° % %

07

»>Baz: chat dién ly cho ion OH-tronq nwéc

NaOH (dd) =  Na*(dd) + OH- (dd)




Thuyét proton Bronsted

v Axit :cho proton HA S H* + A-
v'Baz: nhan proton: B+ H*S BH*
v'Cac cap axit — baz lién hop: HA/A- , BH" /B

HA + B &S A + BH”

Phan (rng giira axit va baz la pw trao doi proton(H*)
gilra axit cua 1cap axit- baz lien hop nay véi lbaz
cua 1 cap axit-baz lién hop khac.



Phan rng giira cac cap axit baz lién hop

Cap lién hop
I
Acid + Base |Base + Acid
Cap lién hop |

Reaction 1 HF H,O —/—— F + H,O*
Reaction 2 HCOOH CN- —/— HCOO- + HCN
Reaction 3 NH,* CO,%- NH;, + HCO;
Reaction4 H,PO,~ OH ——— HPO,>~+ H,O
Reaction5 H,SO, N,HtY —— HSO,~ + N,Hg**
Reaction6 HPO,*- SO, PO+ HSO;-




Dy doan axit, baz Bronsted

Axit — 1a chat phai chira HY

Phan t& trung hoa : HCI, HNO,, HF....

Cation co chra H* : NH,*

Anion co6 chva H : HSO, H,PO, ....

Cation kim loai trong nwéce : Fe?*(aq) ; AlP*(aq)..



Al(H,O0), — Al(OH)(H,0): + H*

Al(H,0)3+H,0 () —— AI(OH)(H,0):"+ H,0*

Al(H,0)2* + H,0  —> AI(OH)(H,0)2* - H,0*

Al3*(aq) bi thuy phan



Baz Bronsted - chat cé6 dw mat do dién tich am

Anion: Cl-, NO;, SO,%, PO,>....

Phan twr cong hoa tri phan cwec : NH; , H,0....

Trong dd nwdce: cation mudi 1a axit Bronsted,

anion ctia mudi |a baz Bronsted

MgCl, (dd), AI(NO,), (dd) , Fe,(SO,),, CH,COONa(dd)



Chat lwéng tinh- chat vira c6 kha niang cho H* vira
c6 kha nang nhan H*
Cac hop chat cé chira H thwérng 1a chat lwéng tinh

Chat trung tinh 1a chat khong cé kha nang cho va
nhan H*



Dung mdi proton hoa

> La hop chat cong hoa tri phan cuc ¢ chira H nén c6
kha nang trao doi proton (chat lwéng tinh)

» Thuong tao lk H, nén Tva T, .cao

» Co6 tinh phan cwec manh nén c6 kha nang hoa tan
nhiéu chat (co cwc).

> CO thé tw ion hod mét phan khi & trang thai 1dng.
Hang s6 can bang goi la hang so tw proton hoa K|



HZO + HZO : H3O + OH' ;kn: [OH-][H30+]:10-14

:0tH +  20H = :0tH|  +
H H
base(1) acid(2) acid(1) base(2)

Ao Ko 8. o

NH, + NH; 5 NH,” +NH,* ; k4 [NH,][NH,*]-102 & 33,4°C

HD+HD § D +H,D* K, =[D7][H,D]



Sy dién ly cua axit va baz trong nwéc

la két qua cha pw trao doi H* giira axit va baz v&i dung méi.

VAxit:  HA + H,O & A+ H;0" (K (HA)>K,0)

[H O i ][A - K, cang I&n thi tinh axit cang
_ 3 manh

K
a [HA ]

v Baz: B + HO & BH'" + OH (Ky(B)>Kyy)

[BH +][OH ] K, cang lon thi tinh baz

K . cang manh
B



> DOi v&i cdp axit — baz lién hop:

< [H,0 1[A]
a(HA )

HA +H,0 S A"+ H;0* [

A+ H,0 5 HA + OH' « _[HAdroH ")
P [A ]

Ka(HA)Kb - :[H3O ][A_]X[HA][?H _]:[H30+][OH _]: Kn
A [HA ] [A]
Ka'Kb: Kn pKa+pr:pKn:14

Axit cang manh (K1) thi baz lién hop 1a baz yeu(K, |)
Axit cang yéu(K_|)thi baz lién hop 1a baz manh (K1)



HANG SO PIEN LY CUA CAC BASE YEU

TABLE 7.3 Values of K}, for Some Common Weak Bases

Conjugate
Name Formula Acid Ky
Ammonia NH; NH," 1.8 %1077
Methylamine CH;NH, CH;NH; " 4,38 x 107
Ethylamine C,HsNH, C,HNH;™ 5.6 102
Aniline CeHsNH, CeHsNH; " 3.8 107
Pyridine CsH;sN CsHsNH* 1.7:¢10:2




TiINH HANG SO DPIEN LY CUA BASE LIEN HOP & 25°C

Name of Acid Formula Structure K, Conjugate Base K,
Hydrofluoric acid HF H—F 7.1 X 107* F
Nitrous acid HNO, O=N—0—H 45 % 107" NO;
Acetylsalicylic acid ~ CyHgO; (") 3.0%x 107 CyH,0;
(aspirin) ©:C—O-—H
O—C—CH
ﬁ 3
0
i
l
Formic acid HCOOH H—C—O—H 1.7 x 10°* HCOO™
Ascorbic acid® CeHgOy ps e /OH 80 x 1077 CeHy0,
" / \
(I‘HOI\ /
CH,OH
Benzoic acid C,HsCOOH (") 6.5 x 10°° CeHsCOO~
)b
Acetic acid CH,COOH 0 L8:X107° CH,COO™
l
CH;—C—O—H
Hydrocyanic acid HCN H—C=N 49 x 107" | CN”
Phenol C HsOH @ 13X 107" | CHO
0—H




HANG SO PIEN LY CUA CAC AXIT YEU VA BASE LIEN HOP

& 25°C
Name of Acid Formula Structure K, Conjugate Base K,
Hydrofluoric acid HF H—F 7.1 X 107* F 1.4 x 107"
Nitrous acid HNO, O=N—0—H 45 % 107" NO; 22 x 107"
Acetylsalicylic acid ~ CyH304 (") 30 10°° CyH,0; 33 x 107"
(aspirin) @:C—O—H
O—C—CH.
(”‘ 3
0
i
Formic acid HCOOH H—C—O0—H 1.7 x 10°* HCOO™ 59 x 10"
Ascorbic acid® CeHs0, b o e /OH 8.0 x 107 CeH,0, 13:%10Y
R / \
(I‘HOI\ /
CH,OH
Benzoic acid C,HsCOOH c") 6.5 x 10°° CeHsCOO~ 1.5 x 107"
)b
Acetic acid CH,COOH 0 L8:X107° CH,COO~ 56 x 107"
l
CH;—C—O—H
Hydrocyanic acid HCN H—C=N 49 x 107" | CN 20 % 10°°
Phenol C,HsOH @ 13X 107" | CHO" T3 31072
0O—H




H,0 + H,0 S H,0* + OH" ;k,= [OH][H,0*]=1014

» H,0% H,0 : K, (H,0)= 10" — K (H,0*)=1
» H,0/OH : K,(H,0) =10 K, (OH")= 1



HIEU NG SAN BANG CUA DUNG MOI
HA +H,0 > A + H,0* H,O*la ax manh nhat trong dd
HA +H,0 S5 A- + H,0+ H,0+ la ax manh nhat trong dd
Trong dung moéi H,O : H,O* la axit manh nhat,

OH- la baz manh nhat

Trong dung moi NH, : NH,* 1a axit manh nhat
NH, la baz manh nhat

Trong dung moi HD : H,D* 1a axit manh nhat
D- la baz manh nhat



Dung méi c6 AP1 thi tinh axit cta chat tan téng
tinh baz cua chat tan giam

« Trong nwéc, CH,COOH I3 axit yéu
* Trong NH; , CH;COOH la axit manh

Dung moi co AP| thi tinh axit cia chat tan giam
tinh baz cua chat tan tang

HNO, + HF (dm) 5 H,NO,+ + F

Trong dung méi HCIO, khéng chat nao thé hién tinh axit

NH,OH Ia baz yéu trong dung moi nwéc
NH,OH la baz manh trong dung maéi axit acetic



Al

N

Hang so dién ly cua cac axit va base yéu
o 25°C

Tonization
Ionization Equilibrium Constant K pK
Acid K, = pPK,
lodic acid HIO, + H,0 H;0* + 105~ 1.6 X 107! 0.80
Chlorous acid HCIO, + H,0 H;0™ + ClO,~ 1.1 1072 1.96
Chloroacetic acid HC,H,CIO, + H,0O H,O™ + C,H,ClO, ™ 1.4 %1073 2.85
Nitrous acid HNO, + H,O H,O" + NO,~ 72:X:10% 3.14
Hydrofluoric acid HF + H,O H,O" + F~ 6.6 X 1074 3.18
Formic acid HCHO, + H,50 H,0* + CHO,™ 1.8 X 10~ 3.74
Benzoic acid HC;H50, + H,O H,O" + C;H;0,~ 6.3 X 1073 4.20
Hydrazoic acid HN; + H,O H3O% + N5~ 1:9'%:1072 4.72
Acetic acid HC,H,0, + H,0 H;0* + C,H0,™ 1.8 X 1073 4.74
Hypochlorous acid HOCI1 + H,0O H,O" + OCI™ 29 X% 1078 7.54
Hydrocyanic acid HCN + H,O H,O% + CN~ 6.2 X 10~10 9.21
Phenol HOC.H5 + H,0 H,O0% + C(H;O™ 1.0 < 10719 10.00
Hydrogen peroxide H,0, + H,0 H,O* + HO,™ 1.8 10712 11.74
Base K, = pPK,,
Diethylamine (C,H5),NH + H50 (C,H5),NH,™ + OH™ 6.9 x 10 3.16
Ethylamine C,HsNH, + H,O C,HsNH; ™ + OH™ 43 % 104 3.37
Ammonia NH; + H,0 NH,* + OH™ 1.8 X 1073 4.74
Hydroxylamine HONH, + H,O HONH;* + OH™ 9.1 X 107? 8.04
Pyridine CsHsN + H,O CSHSNH*” + OH™ 15% 1072 8.82
Aniline CgHsNH, + H,0 C¢HsNH;* + OH™ 7.4 X 10710 9.13




CHUONG VI

CHIEU PHAN UNG HOA HOC KHONG
THAY DOl TRANG THAI OXYHOA

TRONG DUNG DICH DIEN LY



PIEU KIEN CHO PHAN U'NG MOT CHIEU
aA + bB = cC + dD

Néu (AG; )pw < 0 : phan (rng xay ra theo chiéu thuan.

AG, = AG_. + RT In(

W ol|Ua

c
C

a

A

C

Phan (rng sé xay ra néu san pham phan &ng :
AChat két tha |

AG;< 0

~—

dChat dién ly yéu
dChat bay hoi




Dwa vao (A60298)pu, dw doan chiéu hwdng
dién ra cGia phan tng trong thuc té

. (AGO ) < -40kJ : tv phét hoan toan theo chiéu
298/ puw
thuan (K, > «)

* (AG®gg),, > +40kJ : phan tng khong tw xay ra theo
chiéu thuan.

* - 40kJ < (AG®,gg),,,< +40kJ : phan (rng thuan nghich



HANG SO CAN BANG

nmnK'

chatdau

CB j

IT K

sanpham j

CuS(r) + 2H* (dd) & Cu?* (dd) + H,S (dd)
T.us Ka1-Kaz (H2S)
T - 28,8

K _ CuS :10
K, K, (H,S)

_ Tw phat hoan toan theo chiéu nghich



AH trung hoa <0
CH,COOH (dd)+ NaOH(dd) « "CH,COONa(dd) + H,O
AXIT BAZ  AH >0 MUOI NU'OC

thuy phan

Phan &ng thay phan l|a phan &ng nghich cua pw trung
hoa.

CH,COOH (dd)+ OH-(dd) < > CH,COO- (dd) + H,0

Phan wng trung hoa va thuy phan la pw axit —
baz Bronsted.



PHAN U'NG TRUNG HOA
GIFA AXIT MANH VA BAZ MANH

HA (dd) + MOH(dd) = MA(dd) + H,0

K,(HA) = 0o—K,(A) = 104K, (HA) = 0 < K,,o= 1014
—A- khong bi thuy phan

K,(MOH)=00—K_(M*)=10%*/ K, (MOH)= 0 < K|, =10-14
—>M* khéng bi thuy phan

MUOI (\VA) dwore tao thanh tir axit manh (HA) va
baz manh (MOH) thi khéng bi thuy phan .

—tao moi triro'ng trung tinh pH =7



PHAN UNG TRUNG HOA
GIOA AXIT VA BAZ CO IT NHAT 1 CHAT YEU

HA (dd) + MOH(dd) = MA(dd) + H,0O

Neu K (HA) < 1 5K (A-)=10"1/K,(HA) > K,,o= 104
SAnion mudi (A°) bi thily phan — [OH] tdng — pH>7
CH,COO- + H,0 § CH,COOH + OH-
Néu K,(MOH)<1 —»K_(M+)=10"14/K (MOH)>K,,,o= 1014
—Cation mudi (M*) bj thdy phan — [H*] tdng — pH<7
NH,* (aq) + H,O S NH;(aq) + H,;0*



M* (axit manh hon nwéc) + A- (baz yeu hon nwérc)

(M*+H,0 = pH <7)

M* (axit yéu hon nwéc) + A- (baz manh hon nwéc )

(A"+H,0O > pH>7)

M* (axit manh hon nwéc) + A- (baz manh hon nwéc)

Néu :

Ka (M7) >
Ka (M7) <

Ka (M7) =

Kp(A) =
Kp(A) —

Kp(A) —

D
D
D

< 7
> 7
~ [



y
N u

Muoi

khong tp

Cation tp
(AXit)

Anion tp
(Base)

CH,COONH,

AICI,

FeCl,

KCIO,

Na,S

NaF

NaBr

NH,CN

NH,F

pK, (NH.) = 4,76; pK, (CH,COO

pK, (HCN)=9,2; pK(HF) = 3,18

) = 4,75;




y
N u

Muoi khong tp | Cationtp | Aniontp | pH
(AXit) (Base)
CH,COONH, NH,* % cH,coO0| 7
AICI, Al3* </
FeCl, Fe2* </
KCIO, Khong 7
Na,S S| >7
NaF F >7
NaBr Khong 7
NH,CN NH,® KK CN-| >7
NH,,F NH,» ¥ | <7
pK, (NH;) = 4,76; pK, (CH;COOH) = 4,75;

pK, (HCN)=9,2; pK(HF) = 3,18




HANG SO THUY PHAN & PO THUY PHAN

AH >0

thuy phan

MA (dd) + H,O ~ HA (dd) + MOH(dd)
AHtrung hoa <0

HANG SO THUY PHAN K;:
Hang s6 can bang cua qua trinh thuy phan

s phan t& mudi thuy phan
D6 thuy phan h = <1

S6 phan t&r mudi hoa tan




>Mudi chi cé anion bi thay phan PH >7

v’ Sy thay phan: A~ + HO = HA+ OH (Kz=K,,)
C.,(1-h) C,h C.h
> X > ~ K _
Hang soO thuy phan: K, = K” = K, (A )
Do thuy phan: P ][OH‘] (c _h) _th2~c -
A c (t-h) 1-h "

e



»Mudi chi c6 cation bi thiy phan pH<7

Sy thdy phan: M* + H,0 = MOH +H* (K,=K,(MOH))

C. (1-h) C.h C.h
Hang so thay phan: «, - E KM )
Po thay phan o - e i) @) e oo
(M 7] C (1-h) 1-h
K K




>Mudi c6 ca cation va anion déu bi thay phan

Sy thdy phan: M*  + A~ + H,0 = HA + MOH
C.(1-h) C_(1-h) C.h  C.h
(K=Ka(HA) 5 K, = K,(MOH))

Kn

Hang so6 thuy phan: K = K
D6 thay phan: | _[WAlMoH ]  (c,h)°  n° .
o ma] cla-n) @-n)
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NHAN XET

Hang so6 thuy phan K, phu thudc vao :
Ban chat cia mudi va nhiét do
Tang nhiét do0 — K, tang

Do thuy phan h phu thubc vao:

v K, va K, cua axit va baz lién hgp v&i cac ion cua
mudi, dwoc tao thanh trong gt thuy phan,chung co gia
tri cang nho thi d6 thuy phan cang tang.

v C,, cang nho thi dé thuy phan tang (tri» mudi co6 ca
cation va anion déu bj thay phan )

v Nhiét 6 tang thi do thuy phan tang (AH thuy phan >0)



