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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)

Céc 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,



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

aA + bB = cC + dD
Toc dd phan trng : v = k.C2,.Cq%

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 héa hoc

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

aA (k) + bB(k) = cCkk) + 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'( CZ )cb - kn'( CE: )cb'( C(lj) )cb
k cic:
KC - t :( : [t? )cb
k. C,C,

pccp(s) (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
Phanng .66 +0 .66 +0.33
Canbang 1.34 0.66 0.33
. _[no 1°[Cl, ]
[NOCI 1°
2 2
< [NO ] [Cl, ] _ (0.66) (0.33) 0080

2

[NOCI 1° (1.34)




Hang so6 can bang cho phan rng 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,

. Peco 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



Viét biéu thire hding s cain bang

S(r) + Oy(k) «—=  SOy(k) dg‘




S(r) + Oy(k) += SO,(k)K,=[s0,]/[0,]
SO,(k) +1/2 O,(k) &= SO;(K)K, = [SO;] / [SO,][0,]**
S(r) + 3/2 O,(k) &= SO,(k) K, = 222?

= @ - K. .K

1 2

K _ =

3

1

[sO ., ], [SO | ] |sO , |

o, | [0, ] -[Oz]cb[soz]

cb cb



Thay doi hé so ti lweng

S(r) + 3/2 0,(k) —> SO,(k)

2S(r) + 30,(k) —» 2SO04(k) [




Doi chiéu phan &ng

< _ [so , ]
S() + O,(K) —» SO,(K) o, 1,
. 0.1,
oK) = S() + O,(K) K, = =
[so, |,
Kthuafm = 1/Knghich




Quan hé gitra hang so 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/l)/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

O 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



NHAN XET vé 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 |ap cac hé so trong ptpu.
»Hang so6 can bang K K khong cé thir nguyén.
»Hang s6 can bang khéng phu thudc vao chat xuc tac

»Hang s can bang cd gia tri cang I&n thi hiéu suat pu
cang cao.



»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 doi mot trong céc théng
so trang théi cta hé (ndng
doé, nhiét do, ap suét) thi can
bang sé dich chuyén theo
chiéu co tac dung choéng 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,(K) : AH<O0

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,



V=1lit, SnO,(r) +2H,(k) & 2H,0(k) +Sn (l)
AG100=0; 0,dmol 0,316 mol 1 mol 1mol

[H. o] 1

, > K = = =10 = K
1)Tinh K, Ko @ 1100K ™ < H T o.as | :

2) Tinh (AG®,;00)p Va Xac dinh chiéu pw :

SnO,(r) + 2H,(k) = 2H,0(k) + Sn (l)
V=11it: 0,01 mol 0,1 mol 0,1 mol 1mol

0

AG_ ., =—-RT .2,303 .lg K_=-8,314 .1100 .2,303 .lg 10 = -21062 J <O

2

H.O
AG = AG..  + RT .2,303 .lIg lH,0]

1100

~— = RT .2,303 .Ig Q. _ 0
[H,] K,

3)Can bang sé chuyén dich vé phia nao trong cac trwong hop
»Tang nhiét d6.Cho biet K = 1,5 & 900K. AH°>0, chiéu thuan

»Tang thé tich binh phan trng 1én 10 lan. An=0, can bang
khéng dich chuyéen



DUNG DICH LONG
Co cheé tao thanh dd léng

Qua trinh vat Iy — qua trinh chuyén pha AHg, ASg;
Qua trinh hoa hoc -qua trinh solvat hoa
twong tac gitra chat tan va dung moi AHse<0 , ASg<0

Solvat hoa vat ly

Solvat hoa hoa hoc

Twong tac gitra tiéu
phan va chat tan 1a
yéu t6 hang dau
quyét dinh sy tao
thanh dd




QUA TRINH HOA TAN VA CAN BANG HOA TAN

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

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- thworng biéu dién sd6 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°C 100°C
LiF 0t 0.14 (at. 352C )
LiCl 67 127.5

LiBr 143 266

JLAUL Ll 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 l1a chat khi
S- thwdrng biéu dién bang s6 ml khi (tan toi da)
tan trong 100g dung maoi hoac 100ml dung moi

Chat tan la chat dién ly khoé tan

S — thuong biéu dién bang s mol chat dién ly
kho tan (tan toi 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 DPEN DO TAN

- Ban chat cia dung méi va chat tan
 Nhiét do, ap suat
* Mo triro'ng



ANH HUONG CUA BAN CHAT CHAT TAN
VA DUNG MOI

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

t « Tan tot trong nuwéc
D9 phan  Tan it trong ethyl alcohol
cwc cua

dung moi | « Khong tan trong ether va benzene
tang dan




« Cac chat khéng cwc thi tan tot trong
dung moi khong cwe hon la cac dung

MmOl cO cuwec.
—Benzene thi
* KhOng tan trong nwoc
Do phan .
curc ciia Tan trong ether.
dung moi

giam dan



Anh hwéng cta nhiét do va ap suat dén do tan

Khi + dung moi(l)

AG=0 P

Pinh luat
Henry

dung dich AH_ <0 AH<0
dotanS AH,;<O0

S0
T ’khong o
S _| riengp I
= t3 = ©2
S 40 ang — L
S0
=
_é; 30 |— // !
= CH,
£ =20 _— —
| 1 [ ™=
-/ H2
o) 1.0 2.0 3.0 4.0 5.0 6.0 7.0 3.0 9.0 10.0

Gas pressure, atm



Solubility, mg gas/100 g water

Khi +dung moi (I) = dung dich

4.00

3.50

3.00

250

2.00

1.50

1.00

0.50

AH, <0

T tang — d0 tan chat
khi giam

Total air

N2 1n air

O2 in air

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 chationcd 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 D|CH

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= ASep(-) + ASgq () <0 AS,= AS(+) + ASg, (1) >0




Nong dé dung dich

m

a. Nong dd phan tram: C% = ——x100 %

2, [,
A n n 3 ™ B ~
b. Nong domol: ¢, - —— )ﬂ\‘ H

c. Nong dé molan: _

" 1000 g dm
d. Nong do phan mol: N
2, O




CAN BANG PHA (CAN BANG VAT LY)
H,O(l) 2 H,0(h) cén bang Iéng - hoi
H,O(r) & H,0(h) cén bang ran - hoi
H,O(r) & H,0(l) can bang ran - 1éng

PIEU KIEN CAN BANG PHA

1mol chat (pha a) & 1 mol chat (pha b)
T,=1T,
P,=P,
G, =G,



GIAN PO TRANG THAI CUA H,O (HE 1 CAU TU)

daFP AR & H,O(l) = H,O(h) ; AH,,, >0
dT T AV _ .,
22 | g, Ci Pcb — 0OC dwb’ng héa ho'i
Léng H,O(r) = H,0O(h) ; AH,, >0
Rin T,AG=0 P_=K=f(t)
' KHi Peo—> OA dwong théng hoa
0,006 |............ H,0(r) = H0(); Ay >0
y © Ho TLAG=0 Py, =Py, =1(1)
P.,— OB dwdé'ng néng chay
¥ {(°C)
0,01°C 3740C
— L
Ny ©

O- la diém ba cta nwéc



AP SUAT HO'1 BAO HOA CUA CHAT LONG

NGUYEN CHAT
Po(T) Bay hoi AH > 0
L4 Léng Hol
---------------- Ngwng tuAH < 0
T,AG =0 Ko =(P)ew = Po Peb =Po(T)

Ap suat hoi bao hoa cua chat Iéng 1a hang so &
nhiét do xac dinh va tang theo nhiét doé



Nhiét do soi cua bat cr pha Iéng nao (nhguyén
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)




LPNG DUNG

O ap suét 1atm nuwéc sbi & 100°C.

O ap suat 2atm nhiét do soi clia nwdce 1a bao nhiéu?
Cho biét nhiét hoa hoi clia nwdc 1a : AH = 40,65kJ/mol.

Bay hoi AH > 0

H,O(Iong) ——— H,O(ho)
Ngwng tuAH < 0

T=373K,AG =0 K, = P,(373)=1

Prgoai=Po(373)= latm—T;=373K=100°C

P,(373) = 1latm

Pngoal_ PO(TZ) = 2atm — KTZ =2 _)Tsm =7 oC

K. 40,65.103[ 1 1} 2

373 T

In =
K 8,314

373

1

2

=In —= T, =493 8K =120 ,8°C



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

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




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 cadn bang véi
dung dich léng.

Ap suat hoi bao hoa clia dd bang tong ap suat ho’
bao hoa cua tat ca cac cau twr c6 trong hé.

Pag = 2P

Ap suat hoi bdo hoa cta dd I6ng, loéng chira chat
tan khong dién ly, khong bay hoi chinh la ap suat
hoi bao hoa cua dung moi trong dung dich.




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

Léng (dm)]igbh>o Hoi(dm)

Ngung tu AH,, < O Dinh luat
RAOULT |
= = I —
Nl_ I\Idm =1 K= PO PO

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

1

P1=Po(1=Ny) =pg—poN, EpO_ pl5

N — - -

2
= Al I T

Chuy: P,va P; @ cung nhiét do T




P, — ap suat hoi bdo hoa clia dd 16ng, loang chira chat
tan khéng dién ly , khong bay hoi  cling chinh la ap
suat hoi bao hoa cua dung mdi trong dung dich

0 Dung moi Anh hudng clia ndng d6 chdt tan t6i Gp sudt hai dung dich
P 1 ® ng chét

XPhan tol

dung moi

—_—
Vapor pressure of solvent

)
@
[

S

& Aan totchafitan

1 h O - ]
N 2 B ‘kndéng bay hoi

@ 2004 Thomson/Brooks Cole

Ap suat hoi bao hoa cﬁa'dung moi trong dung
dich luén nho hon ap suat hoi bao hoa cua dung
moi nguyén chat & cung nhiét do . P, <P,



AT =T, T =k C _k hang s6 nghiém séi
kg hang so6 nghiém dong
AT, =T, —T... =K:Co Pinhluat Raoult Ii
P(atm) ]

1.00 Dd long phan tw

Tc-[ < T ) Tsdm < Tsddhtt(OC)

AT 4 AT,



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

. DO| 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 )

AT, =T T -100 =k C_1T

S ddphtu

AT, =0-T =k, Cc 1T

d d ddphtu



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
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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)



