Chuwong X|: Dung dich phdn tir Nguyén son Bach

CHUONG 11: DUNG DICH PHAN TU
I. HE PHAN TAN VA DUNG DICH
1. Hé phan tan:

e Dinh nghia:

La nhitng hé trong d6 c6 chit phan tan va moi trudng phan tan dudi dang nhirng hat co
kich thudc nho bé.

e Tinh chit:

Tinh chét ctia hé phan tan phu thudc vao trang thai tdp hop cua chat phan tan va méi
truong phan tan. Tuy nhién, tinh chat cia h¢ nay phu thudc chu yéu vao kich thudc cua chat
phan tan.

Theo ti€u chi nay, hé phan tan dugc chia thanh 3 loai:

o He phan tan tho:

- Kich thudc hat d >10” cm (c6 thé nhin thiy bing mét thuong hay kinh hién
vi).

- Hé phan tan thd khong bén nhiét dong
- Hai loai h¢ phan tan tho thong dung:

H¢ phdn tan Tén goi
Rin phan tan vao 16ng Huyén phu (dét sét trong nude...)
Long phan tan vao léong Nhii teong(stra...)
Rin phan tan vao khi Khoi, may...
o Hé keo:

- Kich thudc hat phan tan trong khoang [10”" < d < 10°] cm
- Co thé quan sat hat keo dudi kinh hién vi dién ti.

- Hé keo kha bén nhiét dong.

- Vi du hé keo: suong mu, keo dan, Al(OH)s...

o Hé phén tin phén tit - ion (dung dich thwe hay goi tit la dung dich): chit phan
tan c6 kich thudc cua phan tir hay ion (d = 10° cm). Hé nay rat bén.

2. Dung dich:
a. Pinh nghia:

Dung dich 1a hé phan tan ddng thé gom hai hay nhiéu ciu tir ma thanh phan cta chiing
c6 thé thay doi trong mot gidi han rong.

e Dung dich gom:
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o chdt tan — chat phan tan,

o dung mdi — moi truong phan tan (dung moi 1a cau tir co luong nhiéu nhat va
phai c6 trang thai khong thay doi khi tao thanh dung dich)

e Tuy thudc vao trang théi tap hop, dung dich co thé 1a rin, 16ng hay khi.

e (o thé tao thanh dung dich l1ong bang cach hoa tan cac chét ran, long, khi vao dung
moi long.

TABLE 13.1 Examples of Solutions

State of Solution  State of Solvent State of Solute =~ Example

Gas Gas Gas Air

Liquid Liquid Gas Oxygen in water
Liquid Liquid Liquid Alcohol in water
Liquid Liquid Solid Salt in water

Solid Solid Gas Hydrogen in palladium
Solid Solid Liquid Mercury in silver

Solid Solid Solid Silver in gold

b. Qua trinh tao thanh dung dich.

Khao sat truong hop tong quat: hoa tan chat ran A vao dung moi nude. C6 hai qué trinh
nguoc nhau dong thoi xay ra:

Hoa tan
Chat A(tinh thé) «— > Chét A(dung dich)
Két tinh
e Qué trinh hoa tan: gdm hai giai doan chuyén pha va hydrat héa

- Giai doan chuyén pha: Cac tiéu phan & bé mit tinh thé dudi
tac dung chuyén dong nhiét va twong tac ciia cic phan tir dung
moi s& bi tach ra khoi bé mit tinh thé. D6 13 qua trinh phd v&
mang tinh thé chit tan dé tao thanh cac nguyén tir, phan tir hay
ion. Pay 1a qua trinh vdt Iy, thu nhiét, ting dé hén loan nén:
AHchuyén pha >0 5 ASchuyén pha >0

- Giai doan hydrat héa (hay solvat hoa): cac tiéu phan chat
tan sau khi tach khoi bé mit tinh thé s& khong ton tai doc lap
ma bi cic phan tir dung moéi bao quanh tao cac twong tac tinh
dién. Qua trinh nay duoc goi l1a qua trinh solvat héa (dung moi
hoa; néu dung méi la nude goi 1a hydrat hoa). Day 1a qué trinh
héa hoc, phdt nhiét, giam dp hon loan nén: AHggat psa < O ;
AS solvat héa< 0

Hai giai doan nay lam chat tan bi tan ra.
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e Qud trinh két tinh: dong thoi véi qué trinh hoa tan, t6n tai mot qua trinh ngugc chiéu:
cac tiéu phan chat tan trong dung dich va dap 1én bé mat tinh thé va két tinh 1én trén do.

*Nhu vy ton tai mot can bang cho qua trinh hoa tan va két tinh. Cdn bang nay la cin bang
dong.

Anion

ﬁ‘

c. Sw thay ddi cac tinh chat nhiét dong khi tao thanh dung dich

Cation

e Dong luyc ciia qué trinh hoa tan 13 sy giam thé dang ap (qua trinh bat thuan nghich):
AGp = ZAGg, - XAG4 <0
Ma AGp= AHy - TASy,
e Xét sy thay ddi AHy, cua cac qué trinh hoa tan:
AHp = AH + AH
AHe, | AHgo | AHp
Khi / 16ng - - -

Ran / long + - +/-

e Xét sy thay ddi ASy, cua cac qua trinh hoa tan:

ASht = AS¢y + AS gy
ASCp AS sol ASht
Khi / 16ng - - -

Ran / long + - +/-

* Nhue vy, tup thudce gid tri AHu VA ASp, Ma AGy ¢é thé dm hodc dwong. C6 nghia la chat khi
hodc ran co thé tan hodc khong tan trong dung moi long 1y thudc vao ban chat ciia no.
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* Dung dich Iy twéng 12 dung dich khi hod tan chét tan khong xay ra sy thay d6i thé tich va
khong kem theo hiéu ung nhiét (AH;, = 0 va AVht 0).Co thé xem dung dich Iy twong la dung
dich c6 néng do chit tan thit lodng dé tinh chit cia dung méi thay déi khong ding ké so véi
dung méi nquyén chdt. Cin khdng dinh la khdo sdt tinh chét ciia dung dich chinh la khdo
sdt tinh chit ciia dung moi trong dung dich chir khong phdi ciia chit tan trong dung dich.

d. Khai niém vé do tan S (Solubility).

e Dinh nghia: khi can bang hoa tan dugc thiét 1ap, ndng do chat tan trong dung dich d6
dugc goi 1a do tan.

NGi cach khac, n6 1a nong do chdt tan trong dung dich bdo hoa.
e Kihiéu: S
e Thir nguyén: Do tan S thuong dugc biéu bién bang sé g chdt tan tan t6i da trong 1009

dung méi ¢ mot nhiét dé xdc dinh. Ciing c6 thé dugc biéu dién bang nong d6 C% hoidc Cy
cua dung dich bao hoa & mot nhié¢t do xac dinh.

e Do tan phu thuéc vao:

+ Béan_chit ciia_chit tan va dung moi: Cac chat co tinh chat twong ty nhau thi hoa tan t6t
Vvao nhau : chét co cyc tan t6t trong dung méi co cuc (H,0, ruou etylic, axit axetic, diétyl éte,
axeton...)(NH; tan tét trong nuéc do ching déu co cuc manh). Chét khong cuc tan tbt trong
dung méi khong cuc ( CS,, CCly, benzene, n-heptan...) ( Bry/ CCly...). Tuong tac gitta dung
mﬁi va chat tan néu co6 lam tang do tan (C,HsOH tan trong H,O theo moi ti I¢ do tao duogc lién
két hidro).

+ Nhiét do va ap suit:

e Hoa tan chat khi trong chit long:
A(k) + D(l) < A(dd)

Solubility of a gas vs. Pressure

increase
pressure

o Anh huong cua t 0. Cac qué trinh nay thuong c6 AHy < 0, —= |
nén t ° tdng s& lam dé tan S giam (nguyén 1y chuyén dich cin bang R
Le Chatelier) ——
o Anh hudng cta P: theo nguyén ly Le Chatelier P ting, S ting i AL
e Hoa tan chét rin trong chét long: i e
o Anh hudng cta nhiét do: Hinh 11.2. Hoa tan chdt khi trong long
Tuy thudc vao diu ctia AHy;, ma do tan c6 thé tang hodc giam theo nhiét do.
- Néu AHy > 0 thi T1— ST (Thong thiong) R
-Néu AH < 0 thi T1— S ¥ it |
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o Anh huéng cia ap suat: P hau nhu khong anh
huong dén S ctia chat ran

Hinh 11.3. Hoa tan chdt ran trong long

Solubility, in g per 100 g of water
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e Hoa tan chét 16ng trong chét 16ng:

Ba truong hop: hoa tan vo han, hoa tan hitu han va khong hoa tan.

o Anh huéng ctia nhiét d6: Vi qua trinh hoa tan thuong kém theo hiéu Gng thu nhiét nén
khi tang nhiét dg, do tan tuong ho thuong tang.

o Anh hudng cua ap sut: hau nhu khong chiu anh huéng cua ap suit.
* Ngoai ra, dg tan con phu thudce trang thai tap hop cua chdt, sw cé mat cua chat la...

1. CAC LOAI NONG PO DUNG DICH:

Loai néng do Kyhiéu Y nghia va don vi CoOng thtrc tinh
Nong @9 phan trim o Z £ 0 Cop = Ma-100 %
Khéi lwong C% sO g chat tan trong 100g dd (%) - -
Nong d¢ phén tir C s6 mol chat tan trong 1 lit dung dich -
gam/l (nong do mol/l) M (M =molll) "y
A A s6 mol chét tan trong 1000g dung moi c = n.1000
Nong d¢ molan Cm nguyén chat (m = mol/kg) " om,
Nong d phin mol N ty 1€ s molA 1 (iau’tu t{en fong s0 mol N = %
: tat ca cac cau tu. n
Nong d¢ dwong hrong c s6 duong luong gam chat tan trong 1 o -%0P
gam/I N lit dung dich (N = dlg/l) Yoy

> Chuyén dbi giira cac loai ndng dé:
Cho dung dich NaOH 12% (D =1,125g/mL). Tinh Cy;, C,, Cn, N ?
L4 a% & CM

_ m,a% _V, (mL)D(g/mL)a% _V,(mL)C,k
100 %. M 100 %. M 1000

= [10a.D = Cy.M|

_10aD _ 10 *12 ¥ 1,125

nch.tan

= c, = 3,375 M
M 40
e 2% @ C: Gia su ldy dung 100 g dung dich NaOH 12% :
_ Ny 1000 _ 12 1000 _
c,~ = = =3,41m
m, 40 X (100 ~12)

Vi p=2L <=>M=nb ( mot mol ¢6 n duong luong) =>

n

e a% ¢ N: Gia st ldy dung 100 g dung dich NaOH 12% :
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12/
= n NaOH = 40

NaOH 4
N NaoH Ny ,0 1%0 8 18

I11. PUONG LUQNG VA PINH LUAT PUONG LUOQNG :

~ 0,0578

1) Dinh nghia: Duong lugng cua mot chat 1a sb phﬁn kh,éi lwong cua chit d6 két hop hay thay
thé vtra da 1,008 phan khoéi lvong hydro hay 8 phan khoi luong oxy. Puong luong tinh bang

gam goi 1a duong lwong gam (ky hiéu 12 P , trong tiéng Anh 14 E).
TD: H, + Cl, —» 2HCI

2,016¢ 71g

1,008g b =(1,008/2,016) .71 = 35,5g
2) COng thirc tinh dwong luong:

a) Nguyén o : [p = Al Vi A nguyén tir gam ; Nn: hoa tri.
n
TD: N,O: Py = =14, NO,:Py=%=35
1 4
b) Hop chit : |p = M veiiM: phan tr gam ; n: tiy chat.
n

e Axit—baz : n =s6 ion H'(OH)tham gia pu/1ptit.
TD: HsPO, + 2NaOH = Na,HPO, + 2H,0
M

98 40
DPrspos = . = 7:49}% ; Praon = e =40g.

e Mudi: n=s6ion + hoic - tham gia pu/1ptir . dién tich ion dé.
TD: *Al,(SO,); + 6NaOH = 2AI(OH); + 3Na,SO,

M 342
Baizsoss = ——= —=157¢g
2%X3 6

*AIZ(SO4)3 + 4NaOH = [AI(OH)2]2804 + ZNaZSO4

M 342 HL-A ]
Dair(soss = P = T: 85,5g (c6 2 gdc SO,? pu)

C6 thé tinh bang dinh luat dwong luong: Al,(SO4); + 4NaOH

b=? <= Dpaon =40g
e Chit oxy héa - khir : n = s e trao dbi / 1ptir
TD: K,Cr,0; + FeSO, + HySO4 = Cry(SO,)3 + Fey(SOy)3 + Ky;SO4 + H,O
2Cr*® + 6e —2Cr®  =>Dyacraor =M /6
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Fe+2— le — Fe+3 => Dresos = M/1

3) Pinh luit dwong lweng va rng dung:

a) Pinh luit dwong lwong(Dalton): Cac chit phan Gng v6i nhau theo nhirng luong ti 16
vo1 duong lugng cua ching.

TD: A+B -C+D => |ma=22) ¢ Da=Tes & S§Pr=SbDg

Vay c6 thé phat biéu : Ci¢ mét dwong lwong gam chit nay thi phdn ieng viva dii véi mot
duwong luwong gam chdt khac.

b) Ung dung: Trong cac phép chuin d6 axit-baz hay oxy héa- kht ta c6:

S6 Dait = S6 Dy => Va.Cnia = Vb-Cuin)
S6 Pox = S6 Py => Mox-Cniox = Vikn-Cnn)
TD: Chuan d6 10ml dd FeSO, can dung 12ml dd KMnO, 0,05N .
12 * 0,05

=> 10. CN(FeSO4) =12.005 => CN(FeSO4) = = 0,06 N

IV. DUNG DICH LOANG, CHAT TAN KHONG DIEN LY - KHONG BAY HOI:

Gia st khi tao thanh loai dung dich nay khong xdy ra hiéu ng thé tich va hiéu ung
nhiét (AH = 0, AV = 0). Dung dich lic d6 dugc xem nhu dung dich 1y tudng.

Xét cac tinh chét cia dung dich long, lodng, phan tir, chat tan khong dién ly va khong
bay hoi.

1. Do giam ap suit hoi bio hoa- Pinh luat Raoult I:

e Trén mit thoang cia mot chit 10ng c6 can bang long hoi:
Bay hoi, AH>0
Long < > Hoi

Ngung tu, AH<O0

e Cac phan tu hoi khi chuyép dong nhiét phan tor va cham vao thanh binh chtra tao ra
mot ap suat — goi la dp sudat hoi bdo hoa P. Khi nhiét d¢ tang thi P hoi bdo hoa tang
do can bang chuyén dich theo chi¢u thuan.

e Khi cho chit tan vao dung méi nguyén chat dé tao thanh dung dich, nong d6 dung
moi giam nén 4p suat hoi bao hoa giam. P hoi bao hoa cua dung moéi trong dung dich
(goi tat 1a P dung dich: P,).

o P, #i I¢ thudn véi nong dé phan mol ciia dung moi:

*Dinh ludt Raoult I

Phat biéu 1: ap sudt hoi bdo hoa cia dung dich bang dp sudt hoi bdo hoa cia dung moi
nguyén chat nhan voi nong do phan mol cua dung moi trong dung dich
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P, = PN, Véi : Py: P hoi bdo hoa dung moi nguyén chat.
P1: P hoi bdo hoa dung dich

N;: ndng do phan mol ctia dung méi trong dd.

N,: nong d6 phan mol ctia chét tan trong dd.
Nhan xét: Py <Py (ViNi<l). Khi Ny—1 =>P; — Py
Thay: N;=1-N, (ViN;+N,=1)
Ta duogc: P1=Pg(1 —N,) =Py —PgN,

3 \ :ﬁ—PlQ:AP
= 2

P P

0 0

Phat biéu 2: D giam twong doi dp sudt hoi bao hoa cia dd so véi dung méi nguyén chit
bang nong do phan mol cua chat tan trong dd.

2. D0 tang nhiét do soi va do giam nhiét do dong dac- dinh luat Raoult 11:
a. Nhiét do soi cua dd:

o Nhiét dp séi ciia mot chit Iong 1a nhiét do tai d6 ap suét hoi bdo hoa cta nd bang ap
suat moi trrong bén ngoai.

e Khi dun néng dong thoi luong tuong duong ciia dung moi nguyén chat va dung dich thi
dung moi nguyén chat soi trudc vi:
Khi dung moi s6i:  Pgg < Pgm = Pt ngoai nén dung dich chua s6i phai tiép tuc dun nita thi
dung dich méi dat dugc P hoi bao hoa = P mdi treong ngoai vi vdy dung dich c6 nhiét
dd soi cao hon dung moi nguyén chat

e Dung dich c6 néng do chit tan cang cao thi nhiét d sbi s& cang cao, nén trong qua
trinh s61 nhi¢t o soi1 sé tang dan.

b. Nhiét do dong dic cia dd:

e Chét long déng dic & nhiét d6 tai d6 ap suat hoi ciia pha 16ng bang ap suét hoi cua pha
ran.

e Dung dich c6 nhiét d6 dong dic thip hon nhiét d6 déng dic cua dung moi nguyén chat
o cung dicu kién do do giam ap suat hoi bao hoa.

e Dung dich c6 nong do chat tan cang 16n s& dong dic ¢ nhiét do cang thap.

e Nhiét d6 dong dic cua dung dich 1a nhiét d6 bat dau xuat hién tinh thé dau tién cia
dung moi. Vi khi dung moi cang két tinh thi nong d§ chat tan trong dung dich cang
tang, ap suat hoi bao hoa cang gidm xuong nén nhiét do két tinh ctia dung dich cang
thap.

*Dinh ludt Raoult II: “do tang nhiét do soi va do giam nhiét do dong dac cua dung dich SO
Voi dung moi nguyén chat thi:
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- Khéng phu thudc ban chét chat tan .
- Phu thudc ban chat dung moi.
- Ti I€ thuan véi n@mg d6 molan ctia chat tan”.

AT, = KCun & ATs = KiCnl Véi:

o AT va ATy — do tang nhiét do soi va do giam nhiét do dong dac
e K,va K;_hing sd nghiém séi va hang sé nghiém dong ctia dung moi
e C,—nodng do molan caa chat tan trong dung dich.

Hang s6 nghi€ém s61 va hang s6 nghiém dong cua mdt s6 dung moi:

Dung moi K K4
Nuéc (H,0) 0.516 1.86
Benzen (CgHg) 2.67 5.12
Axit axetic (CH;COOH) 3.1 3.9
Nitro benzen (CgHs-NO,) | 5.27 6.9

-" ;
A !
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Solvent Boiling Point (° C) | K, (° C/(mol kg)) Freez"z?, PC")i”t K, (° Cl(mol kg)
Aniline 184.3 3.69 -5.96 -5.87
Acetic Acid 118.1 3.07 16.6 -3.90
Benzene 80.1 2.65 515 —4.90
Carbon Disulfide 46.2 2.34 -111.5 -3.83
Car‘?'g:rachloride 768 4.88 228 298
Chloroform 61.2 3.88 —63.5 -4.90
Cyclohexane 80.74 2.79 6.55 -20.2
Diethyl Ether 34.5 2.16 -116.2 -1.79
Ethanol 78.4 1.19 -114.6 -1.99
Formic acid 101.0 2.4 8.0 —2.77
Nitrobenzene 210.8 5.24 5.7 —7.00
Phenol 181.75 3.60 43.0 —7.27
Water 100.00 (exact) 0.52 0.0 -1.86

3. Ap suét thim thiu nt

a. Sw thim thiu va ap suit thaAm thau

Normal Osmosis

Higher Contaminant Lower Contaminant
Concentration Conceantration
Semiparmeable @

Membrane

Diraction of
Water Flow

Hinh 11.5. Hién twong tham thdu

Su khuéch tan cac phan tir dung méi vao dung dich qua mang ban tham duoc goi
la hién tuong tham thau.

Lyc tac dung 18n mang béan tham dé ngan khéng cho dung méi di qua nd duoc goi
la 4p suat tham thau.

b. Dinh luit Van’t Hoff:

T=C,RT

Trong d6: m-ap spa”it tham thau
Cm — nong do mol ctia dung dich
Nhan xét: Dang cua phuong trinh nay rat giong voi phuong trinh trang thai khi ly tuong:
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PV=nRT < p="grr & P=CyRT
\

Van’t Hoff (1887): Ap sudt tham thdu cia dung dich bdng dp sudt gdy ra boi chat khi ¢é
cung nong do mol va ¢ cung nhiét do.
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