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Chlfo'ng 3 b 3. Can bing Long - Hoi
DUNG DICH VA CAN BANG 4. Can bing Léng- Léng cla hai chét tan 13n cé gi&i

DUNG DICH- HOI b
5. Can bang cla hai chét 16ng khdng tan Ian

6. Can bang Loéng- Long cla ba chét tan Ian ¢o6 gioi
han

By: Nguyén Quang Long By: Nguyén Quang Long

1. Dung dich 1. Dung dich

+ La mt hé dong thé (1 pha) ciia hai hay nhiéil « Dung dich Iy tuéng:
chat ma thanh phan cua chung co thé thay doi
trong mot gio1 han xac dinh.

— Dung méi (1) : thuong 1 long, lugng lém trong dd
— Chéttan (i=2.3,...) nhur nhau

— Cac cdu tir c6 tinh chét Iy hoa hoc v6 ciing giéng nhau
— Luc tuong tac giira cac phén tir cung loai va khac loai

— Khi tao dung dich khéng kém theo mot hiéu tmg nao

+ Céc loai nang dp: —La dd ma cu tir ciia n6 tudn theo PT hoa thé & moi
— Néng d phén trim khéi lwong (%) nong d:
— Néng d6 mol/lit (M) [ i~ 1 (T) + RTlnx; ]
— Néng dé dwong lugng gam/lit L P P
— Néng dé molan (m): sé mol chét tan/1000g dung méi — dd cdc dong phén, dong dang gan
— Phén mol (phén phén tir) (x)
By: Nguyén Quang Long By: Nguyén Quang Long
1. Dung dich 1. Dung dich

* Dung dich v6 cung lodng:
— Thanh phan cac chét tan v cling bé so véi dung » Dung dich thyc:
moi: : .
s — —Khong phai la dd ly tuéng
1 i 2t A ~ X ~ sz
— Trong ving ndng dd vd cing lodng tinh chét cia B 1;3: t::zl nk?;lgndotg:i l’i)%’mngx;l:at d9 (@) khi &p
cdc cu tir tudn theo cdc dinh luét ly tuong. ung p chg y g
— Hoa thé cac cdu tir trong viing ndng do vo cling Hi= (T) + RTlna;
lodng

( W= (T) + RTInx; |

By: Nguyén Quang Long By: Nguyén Quang Long
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2. Sy hoa tan cla khi trong chét 16ng
¢ Xéthé:
dung dich (bao hoa i) = khii

Qui tic pha Gibbs:
c=k—f+2=2-2+2=2

- Do tan cua khi: x = f(T,P)
— O nhiét d6 khong ddi: T = const = x = f(P)
— O ap suat khong dbi : P=const > x = f(T)

By: Nguyén Quang Long

2. Sy hoa tan cla khi trong chét 16ng
Anh hwong cita P dén x — DL Henry

PL Henry: O nhiét do khong doi, do oopo®
hoa tan ctiia mot khi trong mot chat o °9
long ti 1¢ thuén véi ap suét phan cua ‘%
khi trén pha léng: gc‘,gﬁ(;:

By: Nguyén Quang Long

2. Sy hoa tan cla khi trong chét 1éng
Anh hwong cita P dén x — DL Henry

Chimg minh: y; (Khi) = 1, (Léng) —@—}
w(T) + RTInP; = "(T) + RTlnx;

Do ® va p;° chi phu thudc T = khi T= const =
m) i LK

P RT

) x-ki-P

o e
voi: B A =InkK,
RT 4

By: Nguyén Quang Long

2. Sy hoa tan cla khi trong chét 16ng
Anh hwong cita P dén x — DL Henry

— Gidi han: DL chi dang vo:

* Dung dich ly twéng

* Dung dich vé cung loing

— Vi cac dung dich thue:

» Thay ndng d béng hoat do:
» Ap dung céc PT thyc nghiém (ndng do, d6 tan):

S =a+ b.P;+ c.P?

By: Nguyén Quang Long

2. Sy hoa tan clia khi trong chét 16ng
Anh hwong cita P dén x — DL Siverts
— D&i vdi cac khi (X,) tan trong dung dich dudi dang

nguyén tir (X):
X, (khi)=2X (dd)

L z s 2
* Hiing s6 cén bing: g = Xi

P,
= ==K [ - K, 7]

- Ap dung: trong nganh luyén kim, cac khi tan
vao trong kim loai long ¢ nhiét do cao, phan ly
thanh nguyén tir

By: Nguyén Quang Long

2. Sy hoa tan cua khi trong chét 16ng
Anh hwong cita T dén x — PT Sreder
Xét cdn bdng: i (khi) =i (dd) + AHg;, an

« Hiing sb cén bang (pha khi chi ¢ khi i):

Ap dung PT Van’t Hoff cho dung dich:

oK.\ AH Olnx ) _ My
( or ), RI® = [aT )‘ RT?

By: Nguyén Quang Long
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2. Sy hoa tan cla khi trong chét 16ng
Anh hwong cita T dén x — PT Sreder

(61“_{'J —AHM_*:@*
or ), RT*

AHhéatm = A'llgtu t Ap.ly it ASol. —O%
0 0%

D6i v6i dung dich 1y tudng: Apty T Agor # 0 2
o

- AHII(')atln o )‘ngm = ;“i

= (alnx,.) 7z
= (PT Sreder)

or ), RT*

By: Nguyén Quang Long

2. Sy hoa tan cla khi trong chét 16ng
Anh huwong cita T dén x — PT Sreder

olnx,) _ 4
2T ), | R

Do nhiét ngung tu am nén: A; <0
- ¢ P=const, T tang = x; giam

By: Nguyén Quang Long

2. Sy hoa tan cla khi trong chét 16ng

Anh hwong cita T dén x — PT Sreder
[ahﬁ ) _H,

hiatan

or JP' RT?

— Néu khi phan ly thanh nguyén tt:

AHpsatan = Mg T Apty = Aphaloting

Do qua trinh phan ly thu nhiéu nhiét, nén: A; = AHpsatan > 0
- & P =const, T giam > x; giam

> Hién twong kim logi bi r§ khi lam ngugi

By: Nguyén Quang Long

2. Sy hoa tan cla khi trong chét 16ng
Anh huwong cita T dén x — PT Sreder

Olnx,) 4
o1 AR
—Khi P = const, néu xem A; = const thi:

% Ly - 1 1
Jamx= et Wy u R(T T"]

(Vi TO : nhiét d6 ngung tu (nhiét d sbi) cua chét i)

By: Nguyén Quang Long

3. Can béng Léng — Hoi
Dung dich ly twing tan lin vé han
Xét hé: (A-B) 4= (A-B) pui xg"

Ap dung qui tdc pha Gibbs: '_M_'

c=k-f+2=2-2+2=2

- Chi c6 2 théng s6 doc lap trong 4 thong sb:
Ty P’ xB’axB.

' - NéuT = const thi: c=2— 2+ 1 =1 P, xg" 1a ham s6 ctia xg

- NéuP=const thi: c=2-2+1=1- T, xgb 1a ham s6 ciia xy*

By: Nguyén Quang Long

3. Can béng Léng — Hoi
Dung dich ly twing tan lin vé han
PL Raoult Xg"
Ap suét hoi bao hoa ciia mdi cauter |[i:14:) ¢,
ti 1& thuan véi phan phan tlr ctia né —$—$—
trong dung dich. X

2,

Khix? =1:hé chicé 1 chu t >
0 ./
m) |L=Fx

By: Nguyén Quang Long
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3. Can béng Léng — Hoi
Dung dich ly twing tan lin vé han

DL Raoult &'l
— DL Raoult chi that ding déi voi dd Iy BN
wns Tl
— Véi dd thye: X

v'DL Raoult chi 4p dung cho dung méi cia

dd v6 cung lodng:
&

v'DL Henry chi 4p dung cho chét tan cia dd
vO cung lodng: P T B
=—x

ct ct
kl{

By: Nguyén Quang Long

3. Can bang Léng — Hoi
Dung dich ly twing tan lin vé han

Viing Raoult y |
/ P,
[] vingHenry | <
.0 R
1 %‘ 30 P
Be—if| < 7/ il
" i i L5
wlif \ | Ap dung cho
P \ dung méi
dapc:'\g:‘?a ‘ (.-\E]r4 T oz 0.4 0.6 s ®
£ n H.0 C,HsO0:

By: Nguyén Quang Long

3. Can béng Léng — Hoi
Dung dich ly twing tan lin vé han
Gién d6 (P-x):
— Ap dung DL Raoult:

» PA=P;x,I4
P, =Px’

1 I =
X X =1

W) [P=P =P+ (B -P))x)

By: Nguyén Quang Long

3. Can béng Long — Hoi
Dung dich ly twing tan lin vé han

DL Konovalop I Xa", xg"
~ He dd 1y tuémg A-B nim cén bing v6i pha hoi. 2idatds
Teidals

— Theo DL Danton: X3 _ 1z _ Py

x; ni BB
¢
— Theo BL Raoult: . 1 ol Xs
w=Bx 5 Bp=Fyxy
) A e ——
BV P! % X | (BL Konovalop |) |

.

a= PYP,% hé sb tach- hé s6 chwng cét

By: Nguyén Quang Long

3. Can béng Long — Hoi
Dung dich ly twing tan lin vé han
DL Konovalop I

& O .1 f
xB__PB Xg _ Xg

k- SUH0 el =]
Xy Py oxy X4

Hé qua:
— Thanh phén pha hoi DONG BIEN v6i thanh phén pha long:
xf ting > x;} tang
— Thanh phén ciia chit DE SOI trong pha hoi LGN HON thanh
phén ciia n6 trong pha long:
0 0 h ¢

By: Nguyén Quang Long

Gidn dd (x-x):

3. Can béng Léng — Hoi
Dung dich ly twing tan lin vé han

-x;

= |-

h i
” x x
— DLKonovalop I: =8 _ o Z8
h 2
X4 Xa
h 1 !
Xy o @x; a.xy
h ! ] i i
& x ax; € jE.x, +(1 )
B =7
I i
" a.x, ;r\’ 7z
= "B o .
B = T t e
1+ (o -1z . o%
xB 7 24
./ 4
_/
1 B
xg' =

By: Nguyén Quang Long
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3. Can béng Léng — Hoi
Dung dich ly twing tan lin vé han
Gian do (T-x):
T T

T

By: Nguyén Quang Long

3. Can béng Long — Hoi
Dung dich ly twing tan lin vé han
Gién db (T-x):
Mo ta sur phu thude nhiét do séi ctia dd vao TP cua no.
— Ap sut tong: P=P, + Py = P2 x,* + PP xyf

= Doxy + x5 =1 nén: P=P2+ (Pg- P%).xy
-2,

PREK NarT

Ay A, A
‘ P=K,e* +(K5..e AL _K ,e® }x;

— PT Clausius- Clappeyron II:

— Khi 88i: P =P, = const 2> T=f(x) : “duong long”
- Do: xg"=h(xg’) > T=g(xg") : “dudng hoi”

By: Nguyén Quang Long

3. Can béng Léng — Hoi
Dung dich ly twing tan lin vé han

Gian dd (T-x): T ; T
[ Diém | Bic Ty o | Fheioy
L 2 T
4L: 4 G 1 T
Q 1 T
hy ;hy;hy 1 T,
H 2
Tai Q: Qui tic duong thing lién hop:
£. _0Oh, 0 % 1
8w  OL

(8 ; 8r :luong pha long, pha hoi)

By: Nguyén Quang Long

3. Can béng Long — Hoi
Dung dich thuc tan ldn vé han

Gidn db (P-x)

0 X —> 1 0 Xp = 1

HE sai léch duong HE sai léch am

By: Nguyén Quang Long

3. Can béng Léng — Hoi
Dung dich thuc tan ldn vé han
Gidn db (P-x)
P

A

0 Xg —> 1 0 Xp —> 1

HE c6 diém curc dai H§ c6 diém cuc tiéu

By: Nguyén Quang Long

3. Can béng Léng — Hoi
Dung dich thuc tan ldn vé han

DL Konovalop II:
Tai diém cuec tri trén duong (P-x) :

1 &%
Xp = Xp
h 1
Xy =Xy

By: Nguyén Quang Long
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3. Can béng Long — Hoi
Sw chung cit dung dich
* La su tach dung dich thanh nhimg céu tit tao thanh
dung dich bang cach héa hoi & ngung tu.
\' Co sé& qua trinh §

chwng cat
R =R

3. Can béng Long — Hoi
Dung dich thuc tan ldn vé han

Piém déng phi- DD déng phi:

PRE— S v
a >>1 hodc a <<1
thi cang dé tach
cac cau t

~ (BLKonovalop |
LI or ) (DL Konovalop 11}

cét théng thueng doi voi

( Khéng thé dung pp chung
dung dich dang phi

By: Nguyén Quang Long

By: Nguyén Quang Long

3. Can béng Long — Hoi

3. Can béng Léng — Hoi
Sw chung cit dung dich

Sw chung cit dung dich

Chung cat h¢ Iy twémg va he khéng tao dd déng phi: Chung cét hé c6 tao dd ding phi:
* Lasy tach dung dich thanh nhimg céu ti tao thanh dung dich * Chi téch dugc mét cdu tir nguyén chat va mét dd déng phi c6
bang cach dun nong & ngung tu. thanh phan xéc dinh
T T
T : T
Pha hoi .
T, Z *
T :\\/ I
1’3 1
[l & ,!‘ b TO
T L B
1'0
i B
Phalong 'L
C,H.OH 0,61 ccl,
0 Xp 1 Xccia—>
By: Nguyén Quang Long By: Nguyén Quang Long

3. Can béng Léng — Hoi

3. Can béng Léng — Hoi
H¢ hai chit long tan lin co gidi han

A .
Sw chung cat dung dich
Chung cit hé c6 tao dd ding phi (tt): 3 Gién db cin biing Léng- Hoi
» Ky thudt chung cét:
= Thay dbi 4p suét ngoai
* Thém cAu ti thit ba

P P
(mmHg) (mmHg)

» Vidu hé ¢6 tao dd déng phi:

HE(A/B) | Nhiétdd sdidlatm | %KL B cua

| {°C) | hh ping Phi /inh hudng ciia P

A B |HHBP i cuc trj

H,0/C,H;,OH | 100,00 | 78,30 | 7815 | 95,57 CHOM X o CHOH X o
H,0/n-C;H,OH | 100,00 | 97,19 | 87,72 71,69
| momci | 10000 [8500] 1085 | 2024

By: Nguyén Quang Long

By: Nguyén Quang Long
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3. Can béng Long — Hoi
H¢ hai chit long tan ldn co gidi han
Gién dd cn bing Long- Hoi (tt)

H,0
v )

b . 'f"" (C

- HOI
xh T
| “Ving
’ w iy di the
d " 2pha
% ;
o

fong)

By: Nguyén Quang Long

4. CB L-L cla hai chat tan 1an cé gi&i han

Vi du:

Phenol - nude ; butanol — nudce; Trimetylamin — nude,...

* Xét hé: butanol-nudéc
B bdo hoa N
N bdio hda B w

((T, x):Chi c6 1
thongléso doc -[ Khi T = const , xgt = const ]

Do: P= const

(f=2;k=2 ‘
c=k-f+1=1

By: Nguyén Quang Long

4. CB L-L cla hai chat tan 1an cé gi&i han

ﬁrai viing di thé: \

Xét hé: butanol-nwéc (tt)

x
ec ~ ©ON9 thf’: 2 dd lién hop
K - Tai K (diém hoa tan giéi han).
\20 5 B s 2 2( Ga tan gioi han)
Qy k=2

80 + m: Q P= const

/ Di thé dT=0 -> T= const

n Q b, |T) c=k-f+0=0
[ - 2 dd lién hop ¢é cung

0 20 40 60 80 100 thanh phan (= déng thé)
HO FCHOH C4HyOH

4. CB L-L cla hai chat tan 1an cé gi&i han

Xét hé: butanol-nwéc (tt)

[- Hé Q;: Pha N: xg = n,]

x
pos pong thg

vC i £ Pha B: xg® = by

120 b T
] aN ! Ting nhiétdo T, > T,
80t m Qi -Hé Q,: Pha N: xg™ =n,
{ Di thé Pha B: xo® = b,

n Qb ITi

' Ting nhiétds T, > T,

-Hé Q;: Pha N: xg™ = n,
Pha B: xg/® = b,

0 20 40 60 80 100
HO FCHOH C3HyOH

By: Nguyén Quang Long

By: Nguyén Quang Long

4. CB L-L cla hai chat tan 1an cé gi&i han
Xét hé: butanol-nuwéc (tt)
Khéng conphaN
A
]
eC ooNg thg 0, : gy _ D50y
K 'S gx ”3Q3
120 b T
s aN ! tﬁng nhiétdo T, > T,
80 + n; Q: 0. Sun 0,b,
. 2 =2 °
{ Dl thé g "zQz
40 }n Qi___lby_ T
[ t Ting nhiétdé T, > T,
0 20 40 60 80 100 0, : i I 0.5,
H0 FCHOH  CyHyOH 1 g, n0,
By: Nguyén Quang Long

4. CB L-L cla hai chat tan 1an cé gi&i han

Phuong phap xdy dung gidn dé (T-x)

a. Phuong phap héa hoc:
Tron 1&n 2 céu tir & nhiét d6 khong ddi 2 can bing
tach 2 pha = tach riéng timg pha = dinh phan xac
dinh thanh phén.

a. Phuong phdp héa ly:
Duong cong (T-x): hé chuyén tir TRONG sang DUC
(hay nguoc lai).
2> O cac gid i x; khdc nhau, xdc dinh nhiét dé T,
ma hé chuyén tit TRONG 2 DUC (hay nguoc lai)

By: Nguyén Quang Long
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5. Can béng cla hai chat 16ng khéng tan |an

By: Nguyén Quang Long

5. Can béng cla hai chat 16ng khéng tan |an
Vidu:
nudce - benzen; cloroform — metanol; nude - nitrobenzen

x*y xty
(S DR PSR = e
- L P=P,+P, =P+ P = f(T)
° P ) E
k=2 o o%°
x' P,
I Ea_ 4 - o)
((T, P, x):Chi c6 1) A L RNy
} théng sé déc
lap

By: Nguyén Quang Long

5. Can béng cla hai chat 16ng khéng tan |an

A x‘ﬂ
A /Tw nn KhGng phu thuée thanh \ ’—‘
phén, chi phu thuéc Prgoar
v Tesi,nn N0 hon Tgtirng céu tir
trong hé. ‘
v Tesi,nn S€ gil nguyén cho dén
khi mat trong 2 cAu t& chuyén hét
thanh hoi, sau do6 Ty s S€ téng

\ vot dén T, céu tir con lai.
A

By: Nguyén Quang Long

5. Can béng cla hai chat 16ng khéng tan |an
Pa Xy xty

0 T %nn) T, T

) (1ow<T,]  (Tomw<T, ]

By: Nguyén Quang Long

5. Can béng cla hai chat 16ng khéng tan |an

Chung cit 16i cudn theo hoi nuéc

/Dt‘mg hoi nwéc dé 16i kéo T
mét cau tir khéng tan trong ||u— ] T
nwéc ra khéi hén hop cua i

ching.
\C [¢]

Tach hop chét hieu
co khong tan trong
nuwéc

Tach hop chét hiru

0 i ! .
co dé bi phan hiy & 0 20 40 60 80 100 120 140 160 180 2001}

T<T,cﬁa noé (Xéc dinh T4 chumg theo hoi nudc)

By: Nguyén Quang Long

5. Can béng cla hai chat 16ng khéng tan |an

Chung cét 16i cudn theo hoi nuée

Luong hoi nuéc téi thidu (kg)
can thiét dé I6i cudn 1kg chat A:

Ap sudt hoi cia H,0
/&, ciia hén hop

R, 18
Beo T oo
Py <M
sut hoi ciaA &
T, cia hdn hop

By: Nguyén Quang Long
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6. CB L-L cla ba chét tan 1an c6 gi¢i han

Vidu:
Vinylacetat- nudc- axit acetic; cloroform- axit
acetic- nudc

* VoiP=const : c=k—f +1=4—f
—Doc>0 nén: f<4: sb pha téi dala 4.
—NéuT=const:c=3—f>0:s6 pha tdi dala 3.

By: Nguyén Quang Long

6. CB L-L cla ba chét tan 1an c6 gi¢i han

* Gidn db (x-x-x)

X,=h,/h
Xg= hg/h
xc=he/h

100%

By: Nguyén Quang Long

6. CB L-L cla ba chét tan 1an c6 gi¢i han

* Gidn db (x-x-x)
(A,C: tan 18n v6 han; B,C: tan 1dn v6 han; A,B: tan l1dn c6 gi6i han)

V6i T= const

> aKb : di thé, gom 2 dd lién hop
>Bén ngoai aKb: dong thé
»Diém K : diém hoa tan t6i han, 2
dd lién hop cung thanh phan

6. CB L-L cla ba chét tan 1an c6 gi¢i han

* Gidn db (x-x-x) (tt)
(A,C: tan 18n v6 han; B,C: tan 1dn v6 han; A B: tan l1dn c6 gi6i han)

Qui téc thuc nghiém Tarachenco:

Nhitng dwong thang néi cac cap
dung dich lién hop sé gap nhau
tai mot diém (S).

By: Nguyén Quang Long

By: Nguyén Quang Long

6. CB L-L cla ba chét tan 1an c6 gi¢i han

* Gian do (x-x-x) (tt)
(A,C: tan l1an v6 han; B,C: tan 1an v han; A B: tan 1dn c¢6 gi6i han)
Khi thém C vao hé Q (A+B):
> Diém biéu dién hé : Q > Q1 > a2
> Diém pha a: a>al->a2
> Diémphab:  b->b1-> b2
»Sopha:f=2-> c=k-f=3-2=1

=) Néng do 2 dd lién hop phu thuéc
vao nhau

By: Nguyén Quang Long

6. CB L-L cla ba chét tan 1an c6 gi¢i han

.
* Gidn do (x-x-x) (tt)
(A,C: tan 1dn v6 han; B,C: tan 14n vo han; A,B: tan ldn c6 gi6i han)

Luong tuong doi gitka céc pha =
C (qui tic don bay):

8 00

By: Nguyén Quang Long
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6. CB L-L cla ba chét tan 18n ¢6 gi&i han
Qui trinh chiét tich, trich ly

La qua trinh 14y mét chét ra khéi mét dung
dich (hodc 1 hé) bing mét dung moi:

- Khéng tan (hay rét it tan) vao dung dich

- Co kha nang hoa tan chét tan t6t

Co s& qua trinh:
Can béng ctia hé 3
cau e

By: Nguyén Quang Long

6. CB L-L clia ba chét tan 14n c6 gi&i han

Qua trinh chiét tach, trich ly

A N
- Atan trongdm B
- C khéng tan trong dm B
- C hoatan A tét

4
M° & Khi thém C vao dd A-B:\
b D > Diém hé: Mg> M
_______ e o »Tach 2 pha:
b-"' M o =b:chiyéulaB
S ) «a:Atantrong C
B C (+ luong nhé B) j

s | Téchgan hétArakhoiB |

By: Nguyén Quang Long

6. CB L-L clia ba chét tan 14n c6 giéi han
Qud trinh chiét tich, trich ly

A ; N
Bé4c tw do tai M:
c=k-f=3-2=1
v
M, ‘ >
S 3 Néng d6 cua 2 pha phu
_____ el thudc 1&n nhau:
P MpE - Xac = f (Xam)
C

By: Nguyén Quang Long

6. CB L-L cla ba chét tan 18n ¢é gi&i han

Qui trinh chiét tich, trich ly
Dinh luéat phan bé Nernst

T = const va P = const:

Tis6 néng d6 chét tan trong 2 dung méi khong tan
I&n 1a mét hdng sb, khéng phu thudc vao lvgng
twong ddi cla chat tan va dung méi.

Gl
CY/B

By: Nguyén Quang Long

6. CB L-L cta ba chét tan 14n c6 gi¢i han
Qud trinh chiét tich, trich ly
Dinh luat phan bé Nernst (tt)

Néu trong dm Achét Y & dang phan t& lién hop (Y,)
con trong dm B chét Y & dang don phan t& (Y) thi:

n

Y/A =K
CY/B

By: Nguyén Quang Long

6. CB L-L cta ba chét tan 14n c6 gi¢i han

Qud trinh chiét tich, trich ly
X¢ét qua trinh chiét dd V, chira a mol chat tan Y, mdi
lan dung V_ dung méi dé chiét.

Cx
K =" = const  >1
C'."/fd

v ava x : [mol] hay [g] R
v K cang lén - chiét cang
hiéu qua

¥ Chia dung méi chiét ra
nhiéu phan (n Ién) > chiét
hiéu qua

S6 mol chét tan Y con
lai sau lan chiét thi n:

Y
X,=al —————
VLKV
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Bai tap

Bai tap 3,4,5,7,9,10,14
sach “nhiét ddéng héa hoc”

By: Nguyén Quang Long
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