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§58. TUONG TAC GIUA CHAT BI HAP PHU VA BE MAT.
NANG LUONG HAP PHU

1. Mot s6 khai niém

Hap phu 1a su tich luy chdt trén bé mat phan cich céc pha (khi — rén, 10ng — rén, khi ~
Iéng, 16ng — 16ng). Chét c6 bé mat, trén d6 xay ra sy hdp phu duoc goi 1A chdt hdp phu,
con chat duge tich lu§ trén bé mat goi 1a chdt bj hdp phu. Trong mot s§ trudng hop,
chat bi hap phu c6 thé xuyén qua 16p bé mat va di vao thé tich ciia chat hép phu. Hién
tuong d6 dugc goi 1a sie hdp thu. Khi hidro hoa tan trong kim loai paladi 1a mot vi du vé
su hap thu. Nguge véi su hdp phy, qua trinh di ra ctia chat bi hap phu khoi 16p bé mat
duoc goi la si gidi hdp. Khi sy hdp phy dat téi trang théi can bing thi t6c do hdp phu
bang t6¢ do giai hap.

Luong chdt bi hdp phu ¢4 thé dac trung bing mot s6 dai lugng sau day :

1. Dai lugng a chi lugng chét bi hdp phy trén mét don vi kh6i lugng cha chat hip
phu, thudng dugc biéu dién bing don vi mollg.

2. Dai lugng « chi lugng chdt bi hap phy trén mot don vi bé mat cha chat hdp phu,
thudng duge biéu dién bing don vi mol/m® hoac mmolicm®.

3. Dai lugng /"do Gibbs dua ra chi lugng du ctia chat bi hdp phu trong Iép hip phu
c6 bé day k em va dién tich lem?, so véi lugng cua chit d6 trong cing thé tich (nic k
em’y & trong pha thé tich, thudng biéu dién bing molicm®. Néu néng do cta chét bi hip
phu trong pha thé tich 12 bé thi ¢6 thé chdp nhan /"= @ Néu vi mot 1i do ndo dé ma
ndng d§ cha chét bi hap phu & tién bé mat lai thap hon & pha thé tich "< 0, ta goi d6 1a
su hdp phy am.

Dé6i v6i mot he xédc dinh, dai lugng hap phu 13 mét ham chia nhiét do va dp suat hodc
nong dg ciia chat bi hdp phu trong pha thé tich :

a=a(T, P).
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Dutng bi¢u dién a = a (') & 4p sudt khong ddi, P = const, dugc goi la dudng hdp
phu ddng dp. Duong biéu dién a = a (p) hoac a = a (C) & nhiét d6 khong ddi, T = const,
duge goi 13 dudng hdp phu ddng nhiét ; Dudng biéu dién P = P(T) hoic C = C(T) ting
v6i dai luong hap phu ¢6 dinh, a = const, dugc goi 1a dudng hdp phu ddng lirong. Dudng
hap phu dang nhiét thudng duge st dung rong rai nhit d€ nghién ciu vé hadp phu.

2. Ban chat lyc hap phy. Hap phu vat li va hap phu hoa hoc

Tuy theo ban chat ciia luc tuong téc gita chat hap phu va bi hdp phu, ngudi ta phan
biét hap phu vat 1i va hap phu hod hoc. Hdp phu vat li gay ra béi luc Van der Waals
(tuong tdc y€u) con hap phu hod hoc gay ra bdi luc lién két hod hoc (tuong tic manh).

a) Hap phy vdt 1i. Trong hdp phu vat Ii, trudng hop don gidn nhat 1a sy hip phu cha
phan tir khong phan cuc trén bé mat khong phan cuc. Trong trudng hop nay, thé ning
cua phéan tir tuong tic v6i mot nguyen tir cha bé mat c6 thé bidu dién bing phuong trinh
Lennard — Jones :

p=—-Cr S+ (58.1)

G day r 1a khodng cdch giita trung tAm ciia hai tiéu phan tuong tac, s hang ddu tng
V4l tuong tac hit tao ra béi luc khuyéch tdn, s6 hang sau ting véi tuong tic ddy, C va B
12 cdc hing s6.

Hing s6 C <6 thé tinh theo céng thitc Kirkwood — Muller nhu sau :

oo
C =-6me? 12

(58.2)
Oy /Xy + 05/ xp
Trong d6 m = 9,1.10_.28g Ia khéi lugng electron, C = 3.10'° cmis 1a van t6¢ 4nh
sdng, o va &, la d6 phén cuc, con x;) va x, 1a 46 tir thdm cha 2 tiéu phan tuong tac.
Hing s& B khé danh gid vé mat I{ thuyét, tuy. vay B c6 thé biéu dién qua khoang
cich can bang r, tir diéu kién cuc tiéu ctia @ khi r = r_, nghia 14

(%) = 6Cr;* —12B1; " = 0.

.
=-l—-2-cr§ . (58.3)

trong dé r, ¢6 thé ddnh gid ti kich thudc cha c4c tiéu phan tuong téc.

Mot diac di€m ctia su hdp phu vat li 13 phan tir bi hdp phu twong tic khong phai chi
véi mot nguyén tir, ma v6i nhiéu nguyén tir trén bé mat. & day tuong tic tdng cong clia
phan ti bi hap phu véi toan bo bé mit gay ra bai luc khuyéch tdn bao gi¢ ciing 16n hon
tuong tdc cua phan ti v6i mot nguyén tur chia bé mat. Day 1a di€ém khic biét so véi tuong
tdc tinh dién, trong do tuong tic téng cong c6 thé bé hon tuong tic clia phan tit véi mot
nguyén tr trén bé mat, vi trong trudng hgp nay phan tlf tuong tdc vdi cdc ton nguge dau
nhau xen k€ trén bé mat.
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The hap phu tng cong clia phan t v&i bé mat c6 thé tinh theo bidu thic :
D :Z(pt- =—CZJ}_6 +Br,-_l2 (58.4)
i i

O day r; 1a khoang cdch gitta phan tir bi hip phu va nguyén it / ciia bé mat.

Vi ning lugng tuong tdc giam nhanh theo khodng cdch, cho nén trong thuc t€ chi
cdn ldy téng tir 100 — 200 nguyen tr gin nhat. Cong thic trén diing dé tinh thé hap phu
cia nhiing phan tir don gidn khong phan cuc. Néu phan tir khong phan cuc ¢6 cdu triic
phic tap, thi thé hap phu ¢6 thé tinh bing téng cdc thé ndng tuong tic cua cdc nhém
nguyén tir trong phan tir v6i bé mit. Vi du th€ hip phu cda phan tir » ~ ankan C,H,,,,
trén graphit, khi phan tlf ndm song song véi bé mit cé thé tinh theo biéu thic :

Viéc tinh CI)CHq va (I>CH2 tién hanh theo cong thitc (58.4). Nhu vay trong trudng
hop nay, th€ hap phu ti 1& v6i s6 nguyén tir cacbon trong phan tir.

Néu phan tr khong phan cuc hdp phu trén bé mat phan cuc (tinh thé ion), thi bén
canh lyc hit khuyéch tdn, cdn xudt hién lyc hit cdm tng gitta ludng cuc cam ting cua
phan tit c6 momen af, véi trudng tinh dién F ctia bé mat (ala do phan cuc cta phan
bi hip phu). Thé hdp phu gay ra bdi tuong tic cam tng cé gid tri :

@, =—%aE2 (58.6)

Luc cam idng trong tuong tdc hap phu thudng rat nhd, chi vao khoang 4% luc
khuyéch tan.

Néu phan tit phan cuc hap phu trén bé mat khfmg phan E
cuc thi ciing xuat hién lyc cdm ing, trong trudng hop nay x/o
momen ludng cuc vinh ciru ciia phan tr gdy ra moémen +[—:o/
ludng cyc cdm {ng clia cdc nguyén tir bé mat. Trudng hop
8101 han 1a sy hap phu phan ¢ phan cuc trén bé mat kim
loai. Néu xem bé mat kim loai nhu mét guong phén chiéu,
thi khi hdp phu ludng cuc €€ lén bé mat, trong kim loai

s€ xudt hién mot fudng cyc cam Gng £ ¢ nhu duge mo ta

trén hinh 58.1. Thé tuong tac gitta ludng cuc va hinh chidu %
guong cla nd c¢é thé tinh theo dinh luat Coulomb : *E
3 Hinh 58.1. Ludng cuc va anh
@, =-E_(1+cos20) (58.7) clia 06 qua bé mat kim loai
il 273

O day 4 12 momen ludng cuc cda phan tit, Z la khoang cdch can bing gifta trung t4m cla budng cuc
v6i bé mat cha kim loai, &2 géc giita truc cha ludng cuc vi phuong Z

Cudi cing la trudng hop hdp phu phan tif phan cuc trén bé mat phan cie, vi du,
nudc, amoniac, rugu, hdp phu trén cic tinh thé ion dién hinh nhy kali clorrua, natri
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iodua, magie oxit. Trong trudng hgp nay xuat hién them luc culong dinh huéng ma phan
dong gdp cila n6 vao thé hip phy dugc tinh theo cong thifc :

®, =—-uEcosh (58.8)

Trong d6 w 1a moémen ludng cyc cha phan tlr, £ 1a cudmg do dién trudng cha bé mit, 813 géc giita
truc fudng cuc v6i phuong cha trudng.

Vi dién trudng £ khong I6n va gidm nhanh theo khoang cach, cho nén @_ chi c6 gid

tri ddng ké khi ludng cuc cha phan tir c6 thé dén gdn bé mat (truong hop hdp phy nudc,

-amoniac, rugu, amin trén cic muéi va oxit vé co). Néu ludng cuc khong ndm & phia

ngoai cia phan tlr (trudng hop xeton, ete) thi @, s& khong dang ké va luc khuyéch tan s&

chi¢m vu the, do d6 cdc phan tir ¢6 khuynh hudng nim bep trén bé mat (c6 loi vé nang
lugng) va chi chuyén sang huéng thing géc khi 16p don phan tir di duge 1ap ddy.

Ngoai ra, trong mot s6 trudng hop, giita phan tir bi hap phu va bé mat cé thé hinh
thanh lién ket hidro, nhu trong trudng hop h4p phu nuéc, rugu, amoniac, amin trén bé
mat silicagen, alumogen da bi hidroxyl hod.

Vi du sy hinh thanh lién két hidro khi hdp phu nudc trén bé mat silicagen dd bi
hidroxyl hod ¢6 thé mé t4 bing so dé sau :

H H

N/

H H 0

/7 N : PN

0 0 H H
| | /N
~Si-0-Si-+H0 — 0 6

| f

~Si-0-Si

I I

Khi hinh thanh lién két hidro, ning lugng tuong téc giita chét hap phu va bj hdp phu
la twong d6i 16n, lam cho nhiét hép phu ting lén ddng ké. D6i vé6i chat hdp phu ion c6
lop cation nhé ra phia ngodi (vi du zeolit) thi cdc cation dé cé thé tuong tdc vdi cip
electron khong phan chia cla nguyén tir oxi trong phan tir bi hap phu (vi du ete), lam
cho lién két duge hinh thanh trong truding hop nay cé ban chat gan véi lién két hidro.

Cac nhém hidroxyl hodc céc cation nhé ra ctia bé mit cling cé thé tuong tic véi
electron 77 cla phan tir bi hdp phu c6 lién két 7z (vi du etilen, benzen). Bin chat tuong tac
trong trudmg hop nay ciing gn vdi lién két hidro va c6 thé m6 ta bing so d6 sau :

! |
- ISI—OH+ C6H6 o 4 —?l"—OH PN C6H6

Tém tat nhiing diéu trinh bay trén day c6 thé néi ring trong su hap phu vat 1i luc
khuyéch tdn la luén luén cé mat va cung véi luc tinh dién (cam iing va dinh hudng), Iuc
lien ket hidro, lién két 7z v.v... trong timng trudng hop riéng biét hgp lai thanh luc hap
phu. Néu phan tir khong ¢6 moémen ludng cuc manh, hoidc néu khéng cé cac trong tic
dac thu khac thi luc khuyéch tdn chi€ém wu thé. Luc khuyéch tin gidm nhanh theo
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khoang cdch, cho nén 16p hép phu thit nhét duge giit chat trén bé mat, 16p tha hai duge
gilt y€u hon, do d6 nhiét hap phy chi hoi 16n hon nhiét thang hoa hoac bay hoi.

Diéu dac bi¢t 1a néu sy hdp phu gay ra bdi lyc khuyéch tdn 1a chi yé&u thi ning
lugng hdp phu trong cic mao quan nho chia chédt hdp phu sé 16n hon trén bé mat phing,
vi ¢ trong mao quin nhd phan tir ndm gin nhiéu nguyeén tir bé mit hon. Vi vay su hdp
phu chu yé€u xay ra trong cic mac quin nho.

Tuy nhién, n€u lyc tinh dién 1a chii yéu (phan 1ir phan cyc manh, chat hap phy ion)
thi nguge lai, sy hdp phu s& xay ra & nhimg phén 16i ctia bé mat 1 chd y&u, con khuynh
huéng chon mao quén nhé bi han ché, vi trong mao quin nhd, céc ion ngucc ddu triét
tiéu dién tich clia nhau & mic d¢ cao hon, 1am cho dién trudng & d6 trd nén y&u hon (trit
treong hop cdc chat hap phu nhir zeolit, khi cdc cation nh6 ra 1 18p phia ngoai 1am cho
dién trudng trong mao quan nhd cang trd nén manh hon).

b) Hap phu hod hoc. Khic v6i hép phy vat If gay ra bsi lyc Van der Waals sy hap

phu hoa hoc gay ra bdi luc lien két hod hoc. Vi thé 16p hdp phu hod hoc khéng thé vuot
qud moét 16p don phan tir.

Trong thuc t€ sy phéan biét hap phu vat 1i va hap phu hod hoc chi 12 tuong ddi, vi ranh
gi6i gita chiing khong that 13 rét, trong mét s6 trudng hop rat khé phan biet su xé dich
mat dd electron trong hap phu vat Ii va sy diing chung electron trong hip phu ho4 hoc.

D€ phan biét hap phy vat I va hdp phu ho4 hoc thong thudng ngudi ta dua vao mot
58 tiéu chudn sau day :

Nhiét hép phu. Lugng nhiét tod ra khi hdp phu vat Ii thudng vao khoang 2 — 6
kcal/mol, vi dy nhiét hdp phu cta khi agon trén mudi graphit 1 2,70 kcal/mol, con nhiét
hap phu hod hoc it khi thap hon 22 kcal/mol.

Téc do hdp phu. Cling gi6ng nhu qud trinh ngung tu, su hdp phu vat 1f khong doi
héi sw hoat hod phan tir, do d6 xay ra nhanh, con st hap phu hod hoc néi chung ddi héi
sy hoat hod phén tir (vuot qua hang rdo nang lugng) do dé xay ra chiam, vi viy hap phu
hod hoc déi khi con duge goi 1a hdp phu hoat hod.

Nhiét do hdp phu. Su hdp phu vat
li thudng xay ra & nhiét A9 thip (gin
nhiét do so6i cha chat bi hap phu), con
su hap phu hod hoc thudng xay ra &
nhiét d¢ cao hon dang ké nhiét do soi.
D€ minh hoa, trén hinh 58.2 trinh bay
dudng hap phu ding dp cha hidro wén

0 .
- ra - - 500
chat xic tdc MnO, +Cr,0,. 100 0 100 200 300 400;) o

Tinh ddc thii. Do ban chat cda hién Hinh 58.2. Dutmg hdp phy ding dp
tugng, su hdp phu vat If it phu thuoc ciia hidro trén chit xic tic.
vao ban chét hod hoc clia bé mat, con MnO, + Cry0y. 1. Hap phu vat If ; 2. Hdp phu hod hoc.
su hap phy hoi hoc doi hoi phai ¢6 di luc hod hoc giffa bé mat va chét bi hip phy, do dé
hap phu hod hoc mang tinh dic thi & rét. :

N
(=]
o
T
by
N

)

I

100 |- ;
!

Lugng Hp, cm/100g
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Ngoai ra d€ phan biét hdp phu vat if va hod hoc, c6 thé dua vio sir thay ddi mot s§
Linh chat vat If cia bé mat. Vi du, néu ¢6 sy thay ddi dang ké ciia d6 cam tir do ket qua
hap phu, thi diéu d6 ching t6 qud trinh c6 ban chat hod hoc.

M0i tiéu chudn trén day khi xét rieng biét c6 thé chua chinh xdc, tuy nhién tap hop
clia ching cho phép phan biét tuong déi o su hdp phu vat 1i vi hod hoc.

Vi du dién hinh vé hap phu hod hoc 14 sy hap phu oxi trén than xay ra do sy lien két
cha oxi v6i cdc nguyén tir cacbon mang hoa tri t do trén bé mat, qud trinh ¢6 thé mé ta
bing so d6 sau : :

0

O O
o I I I
¢ ¢ S 2. ¢ C C
\C/\C/ /\C/\c/\
VRN VRN YNV
Khi ting nhiét d6 dé thuc hién sy giai h#p ngudi ta thu duge khong phai oxi ma 1a
cacbon oxit, vi lién két C = O bén hon lién két C — C. Piéu nay ciing ching minh ring,
khdc véi hdp phu vat 1i ¢6 tinh chat thudn nghich, hdp phy hod hoc 14 khong thuan nghich.
Qua vi dy trén ta thy, do két qui hdp phu hod hoc, cic hop chdt bé mat dugc hinh
thanh. Tuy nhién khéng nén coi dé 1a nhimg chat méi hoac pha méi vi khi lién k&t véi
phan tir bi hap phy, cdc nguyén tir cia bé mat vin gii lién ket vdi cdc nguyén tir khéc cha
chét hdp phu, lién két méi khong d&t manh dé cit dit céc nguyen tir trén bé mat chat hap
phu khéi mang lu6i tinh thé. Sy cit dit nay xdy ra khi ning cao nhiét d6, khi phan ing bé
mat chuyén thanh phan img dj thé thong thudng va chi khi d6 méi hinh thanh pha mdi.

~
g

3. Nhiét hap phu

a) Hdp phu phdr nhiét va thu nhigt. Hép phu 1a qu4 trinh tr dién bién, kém theo sy
giam ning lugng ty do, nghia 12 :

100 __bEmat+2H D AG=AH -TAS<0  (58.9)
sYvYr TeeEEmE -,
= trong d6 AG — bién thién nang
< 80 lugng tr do, AH ~ nhiét hap phu,
w ~90 ~103 AS ) i hap oh

60 L F keal/mol  keal/mol = entropi hap phu.

Théng thudng do két qua hap

40 B Skl f phu AS < 0, vi mdt s6 bac tu do
~25kcal/mol ~40 cia phan tlr mat di khi né hap phu

0 NLo__\.__ SR keal/mol lén bé mat, vi vay theo hé thitc
0 L (b maf" JL— (58.9) AH < 0, nghia 1a sy h?[p phu
T B [bé mat) + H, kém theo su phit nhiét. Diéu nay

r R Y S S ver— % Xay ra d6i véi cdc’'qud trinh hap

: nA phu vit 1i. D8i véi véi st hap phu

Hinh 58.3. Sy hdp phu hidro trén thuy tinh hod hoc, bén canh su phit nhiét c6
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thé ¢6 su thu nhiét. Sy thu nhiét ¢6 thé xay ra néu phan tir khi hdp phu bi phan li. Chang
han phén tir H, trong pha khi ¢6 3 béac tir do, khi hap phu Ién thuy tinh phan li thanh 2
nguyén tir, m6i nguyén ti ¢ thé di dong theo 2 chiéu trén bé mit, nén 18ng s6 bac ty do
1a 4, nhu vay | bac tu do duge ting lén din dén su tang entropi, AS > 0. Trong trudng hop
nay, theo bi€u thuc (58.9) AH c6 thé duong, nghia 12 st hdp phu c6 thé thu nhiét. So d6
nang lugng hap phu hidro trén thuy tinh duoc biéu dién trén hinh 58.3. Qu4 trinh thu nhiét
dugc mo td bang duong ABXEF trén hinh v&. Nhiét hap phu bing 25 — 40 = —15 keal/mol.

Su hép phu hdro trén thuy tinh 12 E
mot vi du hdp phu hod hoc dac trung
bing nang lugng hoat hod = 40
keallmol, vi vay hap phu hoa hoc con
goi la hap phuy hoat hod. Nang lugng
hap phu hoa hoc ¢6 thé tinh dugc dua S
vao nang lugng lién két.

(s + My)

M;

D6i v6i sy hap phu vat 1, dudng Hinh 58.4. Sy hdp phu vat lf phan tér My trén bé mé S,
biéu bién thé nang phu thudc vio £ - thé nang, r - khodng cdch.
khoéng cdch chi ¢6 mét cuc tiéu, ding véi khoang céch cin biing giita phan tir bi héap phu
va bé mat (hinh 58.4)
Su phy thu¢c thé nang vao khoadng cich trong trudng hgp nay dugc mo ti bing
phuong trinh Lennard — Jones (58.1)
b) H¢ s6 hdp phu va gidi hdp. Xét can bing hdp phu giita cdc phan tit M va bé mat S.
M+S=MS
Hing s6 can bang hay hé s& hdp phu b dugc biéu dién béi hé thic
_ [MS1  [MS]
CIMILS] p.IS] |
trong d6 [M] va [MS] ~ néng d6 M trong pha khi va trén bé mat [S] — néng do céc trung
tdm hap phu trén bé mat tu do, p — 4p suat khi tng vdi néng d6 [M].

(58.10)

Goi py, la dp suat ma tai d6 bé mat bi che phit 50%, nghia 13 khi [MS] [S], thi tir
hé thitc(58.10) ta nhan duge : '

b=— (58.11)
P2

Nhu vay hé s6 hap phu bing nghich do cha dp sudt tng vdi d6 che phli 50% bé mat.
Hé s6 hap phu b (hing s6 can bing) ¢4 thé biéu dién qua bién thién ning luong tu
do AG bai hé thite : _
~RTInb = AG = AH - TAS (58.12)
do dé : b = "SR TAHIRT (58.13)
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hoac : . b= ber'!RT (58.14)
trong d6 : b, = "R v 0=

Déi v6i sy hip phu phdt nhiét Q > 0, vi vay theo hé thuc (58.14) khi tang nhiét do
h¢ s6 hap phu gidm va dai lugng hap phu ciing gidm.

Lay nghich ddo hé thitc (58.11) ta dugc :
a=l= g, 2 E (58.15)

trong d6 a, = e_AS”R, a dugc goi la hé s8 giai hdp.
L&y dao ham ciia Inct theo T ta duogc :

dina_ 9 (58.16)
dl  RT?

phuong trinh nay c6 dang gidng phuong trinh Claypeyron — Clausius, trong d6 a dong

vai tro dp suat hoi, vi vay hé s& gidi hap a doi khi con dugce goi la dp sudt gidi hap.

¢} Thoi gian hdp phu. Thoi gian trung binh ma phan ti ndm trén bé mat, & trang thdi

can bang trudc khi gidi hdp dugc goi 1a thai gian hip phu, né lién he véi nhiét hdp phu
Q qua hé thic :

= 7 oURT (58.17)

Gday 1, =107s lahe s6 t le.

Trong thdi gian hap phy, tiéu phan bj hap phu c6 thé di dong trén bé mat. Thai gian
ma ti€u phan dimg lai & mot trung tdm nao dé duge goi la thoi gian ding yén, né lién he

v0i ning lugng hoat hod doi ché £ bai hé thifc :

v =1,/ R (58.18)

3 day dai luong 'c'o cling cd véi T,,.

Néu E, >> RT ti€u phan it di doéng, néu E,, << RT tiéu phan di dong t do trén bé

mat. Ti 56 7/7' cho ta s6 budc nhay ma ti€u phan bi hdp phu thuc hién trong thoi gian
luu lai trén bé mat.

d) Cdc biéu thitc ciia nhiét hdp phu. Nhiét hdp phu tich phdn. Néu c¢6 N phin tir hdp

phu trén 1 gam chat hdp phu, va néu goi g va g, la ning lugng trung binh cha 1 phan tir
trong pha khi va ¢ trang thai hdp phu, thi dai lugng :

Qi=N(g ~g) (58.19)
duge goi 1a nhiét hap phu tich phan, thudng c6 thit nguyén callg (chit hip phu).
Nhiét hdp phu vi phan. Néu bé mat 1a déng nh4t thi €, trong chuong trinh (58.19)
khong phu thuéc vao N hoidc d6 che phit b& mat. Trong thuc t& bé mit thudng khong
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o o
.1-“%?
3

dong nhat, nén €, phy thuoc vao N. Néu 14y dao ham cta @, theo N & T = const thi tir
phuong trinh trén ta duoc :

—| er _ _ _ ffk_] .
Q, _(dN JT =€ &y N[ . (58.20)

Dai lugng O, & day duge goi 14 nhiét hap phu vi phén thudng cd thit nguyén cal/mol
(chdt bi hap phu).

Nhiét hdp phu ddng luwong. Nhiét hdp phu vi phan Q, cé thé xem nhu lugng nhiét tod
ra do sy hdp phu 1 mol chét lén bé mat & do che phii x4c dinh, khi gia thiét lugng chat hap
phu la v6 cung 16n. Nhung khi chuyén mot mol chdt tir trang théi khi sang trang thdi hip
phu thi dong thoi ciling gidi phéng ra mét lugng nhiét bing RT gidng nhu trong qud trinh
ngung tu. Vi viy luong nhiét giai phdng ra khi hip phu 1 mol chat 1én bé mit s€ 1a :

04=0Q,+RT (58.21)

Brunauer goi Q4 12 nhiét hap phu ding lugng, nghia 13 né iing v6i mot do che pha
bé mit xdc dinh (lugng hip phu xdc dinh).

V1 RT rdt bé, thudng chi bing 5 — 10% @, ho#ic Qy4, do d6 ¢6 thé coi Q, = Q, nghia
1a nhiét hap phu déng lugng bing nhiét h&p phu vi phan.

Cdch xdc dinh nhiét hdp phu ddng liong. Trong biéu thic (58.16) néu thay a = 1/b = Pos
{(xem 58.11), thitacé:

din po,S _ Q0,5

dl  RT?
G day Py 5 va Qy 5 tuong ting 12 4p sust va nhidt hap phy ting v6i do che phit 50% bé mat.

Téng quat hon ta c6 thé viét :

‘“ﬂ]:gg_ - 58.22
[f-ﬂ"eKFz (322

trong dé Q4 1a nhiét hdp phu dang lugng ting véi do che phi bé mat xac dinh (8 = const).
Lay tich phéan biéu thitc (58.22) ta duge :

(Inp)g = —-%&+ const . (58.23)

- 0
0 P, P P 45 50 55 80 1T 10*
Hinh 58.5. Phuong phip d6 thi x4c dinh 4p sudt tng  Hinh 58.6. Cic dudmg déng lugng hdp phu etan
v6i d6 che phu 8 = const tir cdc dudng ding nhiét. trén mudi graphit & cdc d6 che phii 8 khic nhav.
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Cdc dp suat can bang p; ting vé6i cac nhiét 46 T; & do che phii #cé thé xdc dinh
bang cach cat cic dudng dang nhiét & cic nhiét do khdc nhau bing mot dudng thing ¢
@ = const song song véi truc hodnh (hinh 58.5). Sau dé dyng d6 thi IgP phu thuoc 1/T,
ta thu dugc dudng thiang cé do doc tgo. = —(4/2,303R, 1t d6 xdc dinh dugc Q4 ting véi
do che phit @ cho san (hinh 58.6). |

- §59. SUHAP PHU TREN BE MAT RAN - KHI.
CAC PHUONG TRINH HAP PHU DANG NHIET

Mot s6 phuong trinh hip phy ding nhiét thong dung nhat duge néu & bang 59.1
Bdng 59.1. Cac phuong trinh hap phu ding nhiét.

Tén phuong trinh Phuong trinh Ban chdt su hdp phu | S sttt

: Y _p= bp ] )
Langmuir V., 1+bp Vit 1i va hod hoc (59.1)
Henry v=kp Vit If hod hoc (59.2)
Freundlich v= k‘p”n, (n>1) Vat li va hoa hoc {59.3)

) v l
Shlygin - Frumkin — Temkin v 0= Eln CoP Hod hoc {59.4)
m
P 1 (c—-1) p o
Brunaver — Emmett — Teller (BET) | T3~ = .+t~ —— | Vatli, nhiéu I6p {59.5)
V(po -p) A\ Vi€ Py

Trong cdc phuong trinh trén, v 1a thé tich chat bi hap phu, dic trung cho dai lugng
hap phu, thudng biéu dién bing cm® & diéu kién tiéu chudn, v, — dai lugng hép phu cuc
dai ing v6i syt hdp phy mot 16p don phén tir trén todn bod bé mat, p — dp suat chat bi hip
phu & pha khi, p, — dp sudt hoi bao hoa clia chét bi hidp phu & trang théi 16ng tinh khiét
¢ cuing nhiét do. Cdc ki hiéu khic 1a cdc hang sé.

Sau ddy ta lan lugt khao sdt timg phuong trinh.

1. Sy hdp phu trén bé mat déng nhat. Phuong trinh hiap phu ding
nhiét Langmuir

Khi thiét lap phuong trinh hdp phu Langmuir da xudt phat tit cdc gia thiét sau day :
1) Ti€u phan bi hap phu lién k&t v6i bé mat tai nhimg trung tam x4c dinh ; 2) Méi trung
tam chi hap phu mét tiéu phan ; 3) Bé mat chat hap phu 12 déng nhit, nghia 13 nang
luong hdp phu trén céc trung tam 14 nhu nhau vi khong phu thudc vao su c6 mat clia céc
ti€u phan hap phu trén cdc trung tam bén canh.
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Goi p la dp suat chat bi hdp phu trong pha khi, #1a phin bé mat bi che pha bdi chat

- bi hdp phu, (1 — #) la phan bé mat tu do. Vi t6c d¢ hdp phu ti 1& véi 4p sust va phidn bé

mit tr do, con toc do giai hap ti 1¢ voi phan bé mat bi che phl, do dé & trang théi cin
bing dong, téc do hdp phu bing téc do giai hép, ta cd :

kp(l— 6 =k'6 _ (59.6)
O day k va k’ twong tng 13 hing s6 t6c do hdp phu va gidi hip.
Nhu vay : .lie = éP = bP (59.7)
suy ra : 0=_2P (59.8)
1+bp

D6 chinh 1a phuong trinh (59.1)

Phuong trinh Langmuir ciing ¢6 thé thiét 1ap theo mot cdch khdc.

Qu4 trinh hdp phu khi cén bing cé thé xem nhu mo6t phan iing thuan nghich, trong
dé6 t6c 36 phan img thuan (hdp phu) 13 ;

W =Q"%(1—e)ﬁ’ R (59.9)
m

) day dai luong P/(2nmkT)"? (xem 51.46) biéu dién s6 va cham cfia cdc phan tir ¢6
khoi lugng m v&i.moét don vi dién tich bé mit trong don vi thdi gian, £ — nang lugng

hoat hoa hap phu. ¢ — hé s6 ngung tu, chi xdc sudt ma cédc tiéu phan sau khi vugt qua
hang rao ning luong E c6 thé hip phu l1én bé mat.

T&c¢ do phan ing nghich (giai hdp) la :

W= k6 PRT (59.10)
O day E’ — nang luong hoat hod gidi hip.
Khi su hdp phu dat can bang, ta ¢6 W = W', do d6:

p= (21:ka)”2" -o/rr 9 (59.11)
c 1- B

trong d6 Q = E’ — E 1a nhiét hap phu (bang hiéu cta nang luong hoat hod gidi hap va
hap phu).
So sdnh 2 phuong trinh (59.7) va (59.11) tarat ra :

b =#”2le” (59.12)
k'(2mmkT)

He thitc (59.12) néu lén ¥ nghia cua hé s6 hip phu b trong phuong trinh (59.7)

Néu phan tit bi hdp phu phan 1i thanh 2 tiéu phan, méi tiéu phan hdp phu trén 1
trung tam (hién tugng nay thudng gip trong hﬁp phu hod hoc) thi phuong trinh
Langmuir ¢4 dang :
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_ (bp)l;"Z
| 1+ p)'”?
Trong trudng hop phan tir phan li thanh » tiéu phan, méi tiéu phan hip phu trén 1
trung tam thi phuong trinh cé dang :
g &0
1+(bp)””

(59.13)

(59.14)

Dai v6i sy hdp phu ciia hdn hop 2 chédt A va B ting véi dp sudt riéng p, va pg va hé
0 hap phu b, va by thi phuong trinh ¢6 dang :
_ baPa
1+b, Py +bgPp
_ bpPp
1+b,P) +bghPp
Trong trudng hop c6 su hip phu dong thoi cha nhiéu chat ta ¢6 :
_ b;p;
" 1+Zbp;

trong dé tong 2 b;p; 14y theo moi c4u tir bi hap phu, ké ca i, |

A

va B

(59.15)

(59.16)

Néu thay © = v/v,, (v — thé tich chat bi hdp phu. v, — thé tich d6 tng v&i sy hap phu
cyc dai khi 8 = 1) thi phuong trinh (59.8) ¢6 dang : '

v =tub? (59.17)
1+bp
3 4p sust thip (bp << 1) ta cé :
' v=v pb=kp (59.18)

dé 1a phuong trinh Henry (59.2), biéu thi dai lwgng hdp phu ti 1& véi 4p sudt & viing ap
suat thdp.
3 4p sudt 16n (bp>>1)tacéd:
V=V, ' (59.19)
luong hap phu dat gid tri cuc dai (bio hoa).
D€ xéc dinh cdc hing s6 trong phwong trinh Langmuir ta ¢6 thé viét phuong trinh
nay ¢ dang :

p__1 . P (59.20)

v bv, v,

dudmg biéu dién p/v phu thude p 12 dudng thing cé do dbc 1/v,, va cit truc tung tai
1/bvy, ; Vi du dudng ding nhiét hap phu cia kripton trén mang than & —183°C dugc
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trinh bay trén hinh (59.1). Dudng biéu dién dugc uén thing khi chuyén sang toa do
p/v — p (hinh 59.2), phuong trinh (59.20)), diéu dé chiing td sy hdp phu trong trudng
hop nay tuan theo phuong trinh Langmuir.

2. Sy hap phy trén bé mit khong déng nhat. Phuong trinh Freudlich va
phuong trinh Slygin — Frumkin — Temkin

Thuc nghiém cho biét nhiét hap phu thudng gidm khi ting d6 che phil bé mit (hinh 59.3).

3

v, &m
02}
0,1¢
2.0 6,0 80 0 2,0 3.0 4,0
P, mmHg P, mmHg
Hinh 59.1. Dudng hap phu ding nhiét kripton Hinh 59.2. Dudng biéu dién trén hinh 59.1
trén mang than & -183°C dugc uén thing trong toa do p/v — p
Két qua nay c6 thé gidi thich theo 2 cach 50
khdc nhau : 1) Do twong tdc ddy gilta cdc phan
tir, phan tir hap phu sau bi ddy bdi cic phan tir 40f

hiap phu truéc, do d6 nhiét hdp phu gidm khi
tang do che pht bé mit ; 2) Do bé mat khéng
ddng nhét, cdc phéan tir hdp phu trudc chiém
cdc trung tdm hdp phu manh ¢6 nhiét hap phu
16m, v€ sau chi con lai nhimg trung tim hap . . : :
phu y&u c6 nhiét hap phu thap hon. 02 04 06 08 10
Néu bé mit 1a khong déng nhat, ta c6 thé  Hink 59.3. Su phu thuoc cia nhiét hdp thu Q
tudng tuong chia bé mat S thanh nhitng phin clia hidro vao do che phi bé mit trén céc

. . . . kim loai khac nhau.
dong nhét §; dac trung bing nhiét hap phu Q;. méng kim logi khdc nhau
Trong trudng hop d6 phuong trinh Langmuir vi€t cho phdn bé mat déng nhét S; c6 dang :
b %! K
., .

30

Q, kcal/mol

20F

bip P
_ - —08.(0; _ (59.21)
1+bp 1+b,e%' % p ()

0, 12 mot ham caa Q.
D6 che phir chung bé mat sé 1a :

0= Z# (59.22)

Ti s6 % =p(Q;) 1a mét ham nao d6 chia Q; duge goi 13 ham phan b6. Néu gia thi€t ham

phan b6 ¢6 dang ((Q;) = A = const (phan b6 déu), thi tir biéu thifc (59.22) ta 6 thé viét :
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b, QIR

0= Je(Q)mQ)a'Q j————Aa‘Q—
2, b= p
O Q;Rr On ! RT
= Ab,pRT | —‘?-Td(QJ=Aernl+boe - (59.23)
o 1+b6,e%" p \RT 14 b,e%'® p

O day Q, va @, tuong tng 13 nhiét hdp phu cuc tiéu va cuc dai. C6 thé gid thiét
b,e%n T p 1 va be® T p <1, khi d6 tir (59.23) ta nhan duoc :

0= ART Inb,e% '™ p = const.In C,p _ (59.24)

d6 chinh la phuong trinh hdp phu dang nhiét (59.4) do Slygin va Frumkin tim ra bing
thyc nghi¢ém va Temkin ching minh vé sau bing Ii thuyét. Dudmg ding nhiét trong
trudng hop nay duge goi 1a dudng ding nhiét logarit.

Néu gia thiét ham phan bs cé dang ham mii, p(Q)=oe ™2, thi trong trudng hop

nay, sau khi chap nhan mot s6 gia thi€t gin ding trong viéc 13y tich phan, tr (59.22) ta
c6 thé nhan duoc :

9:L=kplm
vfﬂ
hoic : v=kv, p!/" =g pt* (59.25)
véi : k=2 3 1/ n=mRT.
m

d6 chinh 1a phuong trinh hap phu ding nhiét (59.3) do Freunlich tim ra bang thuc
nghiém. Phuong trinh nay dugc dp dung trong ving do che phi thép clia bé mat.

Dé xéc dinh cdc hing s6 trong phuo’ng trinh (59.25) ta ¢6 thé chuyén phuong trinh
nay thanh dang :

lgV=lgk'+llgp (59.26)
Duong biéu dién lgv - Igp 12 mot dudmg thing c6 d6 déc bing 1/n va cét truc tung

tai diém Ink'.

Trong bang (59.1) céc phuong trinh (59.1) — (59.3) ap dung d6i véi sy hdp phu vat
I va hod hoc, riéng phuong trinh (59.4) 4p dung cho su hdp phu hod hoc, ¢4 bon phuong
trinh nay déu mé ta su hdp phu xdy ra trong pham vi mét 16p. Phuong trinh (59.5) ing
v6i truong hgp hdp phu nhiéu 16p c6 ban chat thuan tuy vat Ii.

3. Sy hap phy vat Ii nhiéu I6p. Phuong trinh hdp phu ding nhiét
Brunauer — Emmelt — Teller (BET)

Céc dudng hip phu déng nhiét thudng c6 5 dang dién hink nhu duoc bidu dién trén
hinh 59.4.
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Hinh 59.4. Nam kiéu duomg hip phu ding nhiét dién hinh. v — thé tich chét bj hap phu p — 4p suat.

Ki€u I 12 ¢mg vdi hdp phu mot I6p tuan theo phuong trinh hip phu ding nhiét
Langmuir. C4c kiéu IT — V 12 tng v6i sy hdp phu vat li nhiéu 16p va tuan theo phuong
trinh hdp phu ding nhiét Brunauer ~ Emmelt — Teller, goi tit 1a phlro'ng trinh BET.

Ciing nhu phuong trinh

Langmuir, phuong trinh BET Lop1
dugc thi€t 1ap trén co sd gia

thi€t bé mat 12 d6ng nhit, nhung

khdc véi phuong trinh Langmuir Lap 4
chi dp dung d6i véi sy hap phu Lép 3
mot 16p, & day gid thiét su hap - @ O8 Lop 2
phu xay ra trén nhiéu 16p, trong O Lép 1

dé, mbi ti€u phan bi hdp phu &
16p thit nhat tr& thanh trung tam
hip phy d6i vé6i céc ti€u phan o
16p thi hai, mdi tiéu phan bi hdp phu & 16p thi hai tré thhnh trung tam hép phu d6i véi
céc tiéu phan 16p thit ba v.v... (hinh 59.5).

Hinh 59.5. M6 hinh hip phu v4t If nhidv 16p
theo If thuyét BET.

Goi S, 12 phdn bé mat ty do, S; — phdn bé mat bj che phii bdi mot 16p, S, — hai 16p,
S; — 116p chat bi hap phu. Nhir vay bé mat chung s& 1a :

S=8§,+5+85+...5 (59.27)
Khi sw hdp phu dat trang théi can bing thi t6c d¢ hap phu ién bé mat S, bang téc do
giai hdp tir b€ miit S, do d6 ddi v6i I6p thit nhat (i = 1) ta cé thé viet déng thic :
apS, =bSe %K | (59.28)

trong dé p — dp sudt chat bi hdp phu, Q; — nhiét hdp phu & 16p thit ahat, a, va b - cic
héng s6.

‘Ding thic twong tu c6 thé viét cho Ip hap phu i bdt ki. Mot gia thiét dugc chip
nhan & day la tir 16p thit hai trd di (/ > 1) cdc he s6 a; = a, b, = b va nhiét hap phu g,
bing nhiét ngung ty hay nhi¢t hod 1ong Q| , vi vay d&i véi céc 16p i > 1 ¢6 ding thiic :

apS;_| =S,/ F (59.29)
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Néu ki hiéu 5/S,_, = x thi tir (59.29) rit ra :

§; ap
ST (59.30)

1

Mat khéc ¢6 thé chiing minh x = p/p,,, trong d6 p, ~ 4p sust hai bdo hoa ciia chat bi

hdp phu & trang thdi 1ong. Thuc vay, trén bé mat © cha chét long, t6c d6 ngung tu bing
16¢ do bay hoi, do dé ta c6 thé viét :

ap, = bQe /K

"QL IRr
Tir d6 suy ra : Do =£3e_____
. P ap
h()aC . Z-—m (59.31)
So sdnh (59.30) va (59.31) ta suyra:
x =2 (59.32)
b,

Ti 56 p/p, dugc goi 12 4p sudt tuong d6i.
Riéng d6i v6i 16p hap phu thd nhat, tiy (59.28) ta ¢6 :

S, ___ap '
5. it 3

So sdnh (59.33) va (59.30) riit ra :

S =CX (59.34)
$o
N ab (00, |
vdi : c=——¢ L (59.35)
ﬂ'bl
Dua vio cdc biéu thic (59.34) va (59.30) ta ¢6 thé bidu didn cic bé mit §; qua S :

S, =S,

S =S,cx

Sy =8yx= S, cx?

S3 = 521‘ = Socx3

S;=8;4x=8,¢cx

§$=2.5=S,(0+cx+cx’ +ex’ 4. texi)= S, (1 +e—~ ] (59.36)*

i=0 -Xx
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Neéu ki hi¢u d 1a bé day mot 16p don phan tu thi thé tich v; cla i I6p hdp phu sé bing :
v, =0
v =8,d=S,cxd
vy =28,d = 28,cx’d
vy =383d =35 cx’d

...............

v; =iSd = iS,ex'd

V= iSd=S,exd(1+2x+32% +.+ix"y =S exd (1- 2 (53.37)7
=0
Chia (59.37) cho (59.36) duoc :
A cxd

S (-oll+xc-1)]

V,.CX

hoac v= (59.38)
(1-x){1+ x(c-1)]
trong d6 v,, = S§d 12 thé tich 16p hap phu don phan ti trén toan bo bé mit S.
Thay x=p/p, trong hé thic (59.38), sau vai bién déi rit ra
p___ 1, kDp | (59.39)

v(p,—p) B VuC V€ P,
do 1a phuong trinh BET (59.5)

Néu s& 16p hdp phu khong phai v6 tan ma bi gi6i han bdi n 16p (trudng hop su hdp
phu xdy ra trong cdc mao quédn cla chit hdp phu x6p) thi }i thuyet BET din dén
phuong trinh :

v v exil—(n+ Dx" +nx"y

(59.40)
(1-x){1+(c—Dx—cx")

Phuong trinh (59.40) 12 phuong trinh t6ng qu4t, néu thay n = o ta nhin dugc
phuong trinh (59.39), néu thay n = 1 ta nhan dugc phuong trinh Langmuir (59.17).

Gia tri clia hdng s6 ¢ (bié_u thie 59.35) trong phuong trinh BET quyét dinh hinh
dang cGa cic dudng hdp phu dang nhiét.

Trir duding déng nhiét kiéu I (hinh 59.4) 1a img v6i su hap phu mot 16p (duémg ding
nhiét Langmuir), cdc dudng ding nhiét kiéu II-V 13 wing v6i sy hdp phu nhiéu 16p.

(*ITViDex<l nenx+12+x3+...+x’zxf'(l—x)

VAl 424304 i L= 1 =02
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Su phan tich vé mait todn hoc cho
thdy dudng ddng nhiét kiéu II va IV
nhan duge néu ¢ > 2, con kiéu Il va v
nhan dugc n€u 0 < c <2 (c > 2 la
diéu kién tén tai cha diém uén trén
dudng dang nhiét). T phuong trinh

néu @, cang 16n hon Q;, khi dé

6 02 04 06 08 dudng ding nhiét cang di st truc
_ PiPq tung va diém uén cang ré rét. Trai
Hinh 59.6. Cdc dudng hép phu ding nhiét (mg lai, néu hé s6 ¢ — 0 (0, << Q) thi

véi cdc gid tri khdc nhau cla hang s6 ¢

_ dudng ding nhiét ¢ khuynh hudng
l-c=1:;2-¢c=11;3-¢=100:4-¢c= 10000

bam sét truc hoanh (xem hinh 59.6).

Su khdc nhau giira cdc dudng dang nhiét kiu IL, 11T vA IV, V 1a & chd 2 ki€u ddu

(IL, III} dng v6i su hdp phu trén bé mit khong xSp khi # — =0, cdn 2 kiéu sau (IV, V)
ing v6i sy hdp phu trén chat hdp phu x6p khi s6 16p n 1a hitu han. Cac dic diém cua su
hap phu trén chét hap phu x0p duge khio sit & §62.

4. Cach tinh dién tich bé mjt dua trén dudng ding nhiét

) Phutong phdp do thi BET. Xudt phat tir phuong trinh (59.39), néu dung doé thi
pivip,—p) phu thugc p/p, thi dudng biéu dién 12 dudmg thing c6 do doc

s=(c—1)/v,c vacattructung taii= 1/v,c. Bi€tsvaisuyra:

1
v, =— 59.41
oS+ _ ( )
N 5
va c=—+1 ' (59.42)

i

D¢ minh hoa, trén hinh 59.7 trinh bay dé thi BET ciia su hap phu nito & —193°C trén
chét xiic tdc d6ng.

Néu v, la thé tich hdp phu cuc dai, tng véi sy che phii 1 16p don phan tif trén toan
bo bé mat cda 1 gam chdt hép phu va biéu didn bing cm® khi & 0°C va latm, thi dién
tich bé mat riéngS(mzlg), dugc tinh theo cong thiic :

- V¥m

22414

N,A, 1072, m*/g (59.43)

G day N, - 56 Avogadro, con A,, — dién tich ma 1 phan tit chat bj hap phu chiém

trén bé mat, tinh bing A% .
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Néu dai lrgng hap bhu cuc dai tinh bdng gam (x,,) thi ta ding cong thiic :
=i‘§_ NA 100, m% g (59.44)

O day M — khéi lugng phan tir cha chat bi hdp phu.

Ti€t dién phan tir A, trong 2 biéu thitc trén c6 thé tinh theo cong thifc :

M 2/3
A, =1,091[—J 1018 (59.45)
- pNo
-trong d6 M — kh6i lugng phan ti, N, — s§ Avogadro, p — khéi lugng riéng cta chat bi
hdp phu. D&i v6i nito & trang théi 16ng (-195°C) thi A, =16,2A%, d6i v6i benzen
A, =40A2,

Piv(P, - P).10% cm™

f
6 PP, - P).103 oni?
F
15 -
o
4
t=20°C °
t=-193°C 10 -
21 5 4
, . - - 0 010 020 030 040
0 005 010 0,15 020 025 PP, PP,
Hinh 59.7. Hdp phu N, & ~193°C uen chat xdc tic  Hinh 59.8. Su hép phu cia benzen trén mudi
déng. Duémg biéu dién theo toa d6 BET. graphit : ¢ 16n, 1/v,c =0, (¢ — 1)/c = 1.

b) Phitong phdp "mét diém". Trong phuong trinh (59.39) néu ¢ rdt 16n thi 1/v,,c =0
va (c—1)/c =1, do d6 phuong trinh BET tré thanh ;

_r _1p (59.46)
V(P,=P) Vi P

trong trudng hop nay dudng biéu dién trong toa do BET sé& di qua diém goc toa do va ¢6
d6 déc bing nghich dao cua thé tich hap phu don 16p cuc dai (1/v,,). Nhu vy néu cé mot

diém thuc nghiém ctia dudng ding nhiét trong viing 4p suét twong d6i p/p, = 0,2 ~ 0,3
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thi theo d¢ doc cha dudng thing di qua diém d6 va gdc toa o, ta tinh duge v,,. Biét duoc
V,; 1a tinh duge S theo phuong trinh (59.43). D€ minh hoa, trén hinh 59.8 trinh bay
dudng hdp phu ding nhiét cha benzen & 20°C trén muoi graphit.

c) Phuong phdp diém "B". Néu
dudng déng nhiét ¢ diém ubn 16 rét
va dot ngot thi trén dudmg ding
nhiét ta c6 thé tim dugc mot diém
ma tai d6 dudng cong chuyén thanh
dudng thing — D6 1a diém B trén
hinh 59.9. Emmet va Brunauer cho
rang tai diém B sy hdp phu mot 16p
két thiic va sir hdp phu nhiéu 16p bt
ddu. Nhu vay dai lugng hap phu ung
v6i diém B chinh la v,,. Biét v, ta
tinh duoc S.

LT 3

PJE: d) Gidi han ttng dung cia phiong
trinh BET. Phuong phap BET hién
nay dugc xem nhu phuong phip 16t
nhat dé xdc dinh dién tich bé mat.
Tuy nhién ban than mé hinh BET c6 nhiing nhuge diém. Trudc hét dé 1a gia thigt vé
tinh d6ng nhdt cGa bé mat. Thuc nghiém cho thdy ring phuong trinh BET chi ding
trong khoang 4p sudt twong d6i p/p, =0,05-0,35. O 4p sust < 0,05 su sai lech khoi
phuong trinh gy ra boi tinh khong dong nhat clia bé mat. Ngoai ra mo hinh BET chi
tinh dén tvong tdc phan tir theo huéng thing géc véi bé mat ma bd qua tuong téc ngang.

Viee sit dung phuong trinh BET dé xdc dinh dugc dién tich bé mat chi cho két qua
t0t néu dudng déng nhiét thudc kiéu II hodc IV, va két qua thu duge cang chinh xdc néu
diém udn trén dudng ding nhiét cang rd rét, nghia 14 hé s& ¢ cang 16n. Trdi lai, nén
dudng déng nhiét thugc kidu III va V (hé s6 ¢ bé) thi viéc sl dung phuong trinh BET dé
xéc dinh dién tich bé mat cho két qua khong déng tin cay.

Hink 59.9. Duding ding nhiét kiéu II. X4c dinh v,,
theo phucng phdp "diém B".

§60. SU HAP PHU TREN BE MAT CUA DUNG DICH - KHi

Khéc v6i bé mat chét ran, bé mit chat 10ng hoan toan déng nhit va phing, trén dé
sir hdp phu x4y ra khong phai & nhiéu trung tAm nhat dinh ma trén toan bd bé mat, déng
thdi do chuyén dong nhiét, céc phan ti bj hap phu dé dang di dong trén bé mat.

Gia thi€t ta ¢6 mot dung dich gém 2 ciu tir 13 dung moi va chat tan. Gira dai lugng
hdp phu tic lwgng du clia chat tan trong 16p bé mat, néng do chét tan va su bién thién
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cua stc cang bé mit cé méi quan hé nhat dinh duge biéu dién bing phudng trinh hap
phu Gibbs. Truéc khi khdo sdt phuong trinh nay ta nhdc lai khdi niém vé sifc céng
bé mat.

1. Sure ciing bé mit

Stic cang bé mat 12 hé qua cia 4p sudt ndi gay ra boi luc hit gita cdc phan tr &
trang thdi ngung tu, phan tir cang phan cuc thi 4p sudt ndi cang cao. Vi du 4p suét ndi
ctia nude 1a 14700 atm, cha benzen 12 3800 atm. Duéi tac dung cta dp suit ndi, cac chat
o trang thdi ngung ty c6 khuynh huéng co thé tich dén gid tri cyc tidu, ket qua 1a cic
phan wr trén bé mat bi kéo vao trong dé giam bdt dign tich bé mat. Lyuc tdc dung trén
1 don vi do dai trén bé mat, tiép tuyén véi bé mat va ¢6 khuynh hudng lam giam dién
tich bé mat duge goi 1a stic cang bé mat, thudng ki hiéu bang ¢ va do bang don vi din/cm
(hé CGS). Nhu vay dé tang dién tich bé mat cin phdi tiéu t6n cong dé chéng lai sitc
cang bé mat. Cong dé6 trong qui trinh cin bing va déng nhiét ¢6 gia i bing do tiang
cua nang luong tu do. Vi ec = din/cm hay ec/cm® = dinfem, cho nén sic cing bé mat ¢
gid tri bing nang lugng tu do trén 1 don vi dién tich bé mat (1cm®), hoic bing cong tao
lem?® bé mat. St cang bé mat 6 1& véi dp suft néi. Vi du & nhiét do thudmg, stic cang bé
mit clia nuée, thuy ngan va tinh thé CaF, twong dng bang 73 ; 485 ; 2500 eciem’”. Trong

he SI don vi cha sic cang bé mat 1a N/m ; 1 dinfem = 107 N/m = | mN/m.

2. Phuong trinh hidp phu Gibbs

Gia thiét ta c6 mot dung dich gém 2 cfu tit : dung moi 1 va chat tan 2, ¢é b& mat s
ti€p xtic véi khi quyén. Nang lugng tu do chung cia hé c6 thé biéu dién bing hé thic :

G=0s+ 10+ U0, (60.1)
trong d6 o — stc cang bé mit, p; — hod thé, n; — s6 mol cla cdu tr i
Lay vi phan toan phin ta c6 :
dG = ods + sdo + . dny + mdp, +pydny + mydu, (60.2)
Mat khdc, G 13 mot ham cilia nhiét d9, 4p sudt, dién tich b& mat va s6 mol cdc clu tir :
G=GT, p,s,n.ny).

L4y vi phan toan phin, ta c6 :

dG = (ﬁ) dr +(§g—] dP + [6_ij ds+
or Jp s, OP /T 5., 08 /TPy
+ (—Qg) dn + [EJ dn, (60.3)
6?1] T.Ps.n anz TP
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Neéu luu y dén cdc hé thic quen biét sau day :

(%TG_]P ,,, = Stentcopi) [%JT =V (thé tich) ;

[QGJ =0 (siic cing bé mat) ; (E] = W; (hod the)
T.P.n d T.,Ps,n

os n;

thi ta ¢6 : dG = ~SdT +VdP + ods + ,dn, +pydn, (60.4)
So sénh 2 biéu thifc (60.2) va (60.4) ta riit ra :
SAT —VdP + sd6 + nydid, +nydy, = 0. (60.5)
3T, P= const, ta ¢6 hé¢ thitc don gidn hon : -
sdo+mdp, +myd, =0 (60.6)
Bay gid ta hdy tudng tugng chia dung dich thianh 2 I6p : 16p bé mat va 16p thé tich.
Goi ny, 1y 12 86 mol cla cdc cdu v trong 16p bé mat, nf, ny1a s6 mol ctia chiing trong

16p thé tich. Trong trudng hgp d6, d6i véi 16p bé mat ta c6 thé sit dung hé thic (60.6),
cOn d6i véi thé tich (khéng chiu tac dung cua luc bé mat) hé thic tuong tu 13

Tir hé thic (60.7) ta cé :
a
dy, = —% du,
1

Thay gia tri dp, vao phuong trinh (60.6) ta ¢6 :

a
sd0'+[ : "1’;'2}1“2 =0
n

e )
hodc : - ;5 ) n'snz I (60.8)
) .

Vi n, 1a 56 mol chét tan trong n; mol dung méi & 16p bé mit, con (n /n)ny 12 s6

mol chit tan trong 16p thé tich tinh cho n) mol dung moi, cho nén v& phai clia phuong
trinh bi€u thi s6 mol du ca chat tan trong 16p bé mit so vdi 16p thé tich ¢6 ciing thé
tich trén mot don vi dién tich bé mit. Theo dinh nghia, d6 chinh la dai lvgng hap phu T,
nén ta ¢é :
r=-49 (60.9)
dj,
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béi véi dung dich lodng ¢6 néng do c, ta c6 My =3 +RT Inc, dp, = RTdIne, do dé
[=-—.—= (60.10)

dé chinh 12 phuong trinh hdp phu Gibbs. Dua vio phuong trinh Gibbs ta c6 thé phan
biét 2 trudng hop sau day :

1. do/dc>0,T" < 0, trong trudng hop nay sitc cang bé mit bién thién ciing chiéu
v6i nong do chat tan va chat tan trong I6p bé mat cé néng do thap hon trong thé tich
(sw hap phu am). Ta goi nhimg chat tan nhu vay la nhitng chat khong hoat dong bé mat.
D61 vai nuée, d6 1a 1at ca cac chat dién li v6 co nhu axit, kiém, musi, vd mot sé it hop
chat hitu co ¢6 phan khong phan cuc rat y&u nhu axit fomic, axit aminoaxetic. Dic diém
cua nhimg chat khong hoat dong bé mat la cdc ion clia chiing tuong tac véi nudc manh
hon so v6i trong téc gitta cdc phan tir nude (sai léch am khéi dinh luat Raoult), vi vay
cdc ton d6 ¢6 khuynh hudng di vao thé tich dung dich lam cho I" < 0, cdn su ting ndng
dd cha chiing 1am cho sitc cang bé mat tang lén (do/dc > 0).

2. do/de<0,T >0 trong trudng hop nay sitc cing bé mat bién thién ngugc chiéu
v6i néng do chit tan va chat tan trong 16p bé mit ¢6 néng do cao hon trong thé tich
(sy hap phu duong). Ta goi nhimg chét tan nhu vay la nhitng chdt hoat dong bé mdt.
Déi voi nudce, dé 1a nhimg hop chat hitu co ma phdn tir clia chung gém 2 phan : phdn
khong phan cyc 1a géc hidrocacbon va phan phan cuc 1a céc nhém OH (rugu), COOH
(axit), NH, (amin) v.v... Dac diém clia nhiing chat hoat dong bé mat 12 chdng c6 goc
hidrocacbon khong phan cuc tuong déi dai, do dé6 tuong tac gitfta chiing vdi nhau manh
hon twong tc giita chiing vdi cc phan tir nudc (sai léch duong khoi dinh luat Raoult),
vi viy céc phan tf clia chiing ¢6 khuynh huéng chuyén tir thé tich ra bé mat lam cho ' > 0,
con sy tang néng dé cha ching lam cho sic cang bé mit giam (d6/dc <0). Géc
hidrocacbon cia phan tir chat hoat dong bé mat cang dai thi Khuynh hudng tap trung
chiing & b mat cang manh va stc cang bé mat
cang gidm. Dai lugng ~do/dc khi ¢ — O dugc P :
ding d€ dac trung cho hoat dong bé mat. °| "

Trén hinh 60.1 trinh bay dudng ding nhiét
suc cang bé mat ¢ = o(c). Dua vao dudng nay va z{h"‘n
trén co s¢ phuong trinh Gibbs ta c6 thé xay dung

S o T

duoc dudng hap phu dang nhiét nhu sau. 2
Theo hinh v& ta ¢6 : s e
Z__do Hinh 60.1. Xay dung dubng ding nhiét
¢ dc héip phu " = ['(c) theo dudng dang nhiét
do d6 phuong trinh Gibbs c6 thé viét duéi dang : stc cang bé mit g = o(c).
I‘=__C__iq_=£ (60.11)
Rl' dc RT .
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Xdc dinh cdc doan céit Z dng vdi cdc diém khac nhau trén dudng ¢ = o(c) ta dé
dang xaydung dugc dudng hdp phy ding nhiét I' = T'(c). Mot vi du vé su hap phu duong
la sy hap phu kim loai kiém trén bé mat hén héng. Déi véi thuy ngan, céc kim loai kiém
Ia cdc chat hoat dong bé mit, c6 tic dung 1am gidm ddng ké sitc cing bé mat cia thuy
ngan. Vidu viéc dua xezi vao thuy ngan véi ti ¢ nguyén tir khoang phdn van 1am giam
mét phdn ba sic cang bé mat, cho phép hén héng c6 thé chui 'viio cdc mao quan nho.

Ngoai 2 trudng hgp da néu, c6 thé néu them trudng hop khi chat tan khéng 1am thay
déi stic cing bé mit va dugc phan b8 déu & 16p bé mat cing nhu trong thé tich, déi véi
ching do/dc=0vaT = 0. Nhiing chat nhu vy c6 sic cang bé mat x4p xi sic cing bé

mat clla dung moéi, vi dit khi hoa tan dudng vao nudc thi siic cing bé mat hdu nhu khong
thay ddi.

Trén hinh 60.2 trinh by cdc dudng ding nhiét sitc cing bé mat va cdc dudmg ding
nhi¢t hap phu tinh theo phuong trinh Gibbs d8i v6i dung dich nuéc cha axit butylic

C3H,COGCH (chat hoat déng bé mat) va kali nitrat KNO, (chat khong hoat dong bé mat).

80 6
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a) Cz, molfl b Ca, molf

Hinh 60.2. Dudng ding nhiét sitc cang bé mat (a) va dudng déng nhiét hap phu
(b) ddi v6i dung dich nu6e cia : L. axit butylic, 2. kali nitrat.

Quan h¢ giita phuong trink Shiskovski, phuwong trink Gibbs va phuong trinh Langmuir,

G néng d6 nhd cia chit hoat dong bé mat, do gidm clia siic cang bé mat ti 1¢ thuan
v&i nong do ¢, nghia la :

n=0,-C=kc ' (60.12)

trong dé 6, va ola stc caing bé mit cila dung mai va cha dung dich, dai lugng 7 dugc
goi 1a dp suat bé mit, k — hé s4 ti 18.

D6i v6i cac dung dich ma néng do clia chat hoat dong bé mat twong d6i 16n,
Shiskovski thi€t 1ap duoc phuong trinh kinh nghiém sau day :

nzcro—cs:oOBln[%H] (60.13)
trong d6 B 12 hang s¢ it phu thuoc vio ban chat chia ch4t hoat déng bé mit va biing 0,2 &
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nhi¢t do ~ 20°C, -;: dugc goi 12 hing s6 mao quan riéng dic trung cho timg chat hoat
dong bé mat. Phuong trinh Shiskovski cé thé sir dung t6t dé tinh sic cdng bé mat clia
cac axit béo, cé s6 nguyén tlr cacbon khong qué 16n (dén Cy)
Phuong trinh (60.13) ¢6 thé viét duéi dang :
6,-0=6, In %=oaBln(c+A)—UoBlnA
L&y vi phén ta ¢6 :
do _Bo,

o,Bdc
hodc ——=
c+A de A+c

~do =

Thay — dofdc vao phuong trinh Gibbs ta dugc :
-¢cdos_ ¢ Bo, Bo, c/A

RT dc RT A+c RT l+c/A
Néu dat Bo, /RT =T+ 1/A=k tanhin dugc phuong trinh Langmuir :

L _ k (60.14)

T . 1+kc

max

Nhur vay ¢6 thé xem phuong trinh Shiskovski 1A cdu néi gilta phuong trinh Gibbs va
phuong trinh Langmuir. -

3. Cdu tao ctGa I6p mang bé mit. 4p sudt bé mit. Phuong trinh trang
thai cGa 16p bé mit.

Phén tir cia chat hoat dong bé mit c6 2 phdn : phdn phan cuc la céc nhém chifc ¢é
momen ludng cuc tuong d6i 1én nhu céc nhém - COOH, — OH,-NH,, — SH, ~ CN,
-NO,, — NCS, ~ CHO, - SO;H ; phdn khéng phan cuc thudng 12 cdc gdc hidrocacbon
mach thdng hoic thom. Theo quy tic Traube thi trong mot diy déng ding, vi du diy cic
axit béo mach thing, do hoat dong bé mit cha céc chat d6 d6i v6i dung dich nuée ting
trung binh 3,2 1an khi géc hidrocacbon dai thém I nhém CH,. S& di nhu vay vi do tan
cia chét hoat dong bé mat gidm nhanh khi tang d6 dai cha gdc hidrocacbon. Vi du axit
butylic C;H,COOH hoa tan khong han ch€ trong nudc, nhung axit valerianic
C4HoCOOH chi hoa tan trong nudc t6i da 4%. Céc axit ¢6 s6 nguyén tir cacbon cao thirc

t€ khéng tan trong nudc, tuy nhién ching cé thé hinh thanh moét I6p mang don phan tir
trén bé mat (c6 bé diy béng kich thudc phan tir).

‘Trén bé mat nudc, mang don phan t&f clia chat hoat dong bé mat c6 thé tén tai & ba
trang thai khi, 16ng va rin.

a) Mang khi. Néu géc hidrocacbon ctia chat hoat ddng bé mit khong dai 1dm, vi du
cac axit béo c6 s6 nguyén tir cacbon tir 12 dén 22, hodc cdc rugu v amin mach thing cé
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khoi lugng phan ur khéng qué 16n, khi tvong téc giita cdc phan tir cha ching tuong doi
yéu, thi cdc phan tir chit hoat dong bé mat ¢6 khuynh hudng tich ri nhau va loang
rong ra khdp bé mat, trong d6 phan phan cyc hudng vao nude, con phdn khéng phéan cuc
nim bep trén bé mat nhu duge mé té trén hinh 60.3a. Do chuyén dong nhiét, cdc phan
tir di dong tu do trén bé mit tao ra dp suat bé mit tic dung theo huéng nguge véi sitc
cang bé mat.

3 néng do lodng, ap sudt bé mat ti 1¢ vdi ndng do chat hoat dong bé miit :
| m=0,-0=ke (60.12)
Ldy vi phan ta co :
dn=—-do = kdc (60.15)

Két hgp 2 phuong trinh (60.15) va (60.10) ta dugc

c do ¢ dn ke T (60.16)

Néu ki hiéu o la dién tich chi€m bdi 1 mol khif 2 chiéu trén bé mat thi ta ¢6 I' = 1/o,
do d6 ¢ thé viét :

hoic : ntw=RT (60.17)
D6 la phuong trinh trang thdi cia khi 2 chiéu, phiong trinh nay titong tw phuong
trinkh PV = RT d671 véi khi i ntong 3 chiéu.

D6i véi khi thite 3 chiéu ta 6 phitong trinh Van der Waals -
a
[p+—2)(V—b) =RT
v
Déi v6i khi thuc 2 chiéu 1a ciing c6 phuong trinh tuong ty :

[n-r%}(w—ﬁ):RT (60.18)
o

7 trong dé hing s6 o dic trung cho luc hiit

a) . gifta cac phan tir bi hdp phu, con hing s6 P
dac trung cho luc day.

b) Mang ngung tu (long, rdn). Néu géc

hidrocacbon cha chéat hoat dong bé mat du

dai va tuong tdc giita ching da 16n, thi céc

b) phan tir c6 khuynh huéng lién két véi nhau,

f1inh 60.3. Su dinh hudng cdc phan tir hoat dong  trong d6 phan phan cyc hudng vao nudc,
bé mat trong 16p hap phy (a) - mang khi ; con phin khong phan cuc x€p song song véi
(b) — mang ngung tu. nhau va hudng ra khéi nuéc va thing goc
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véi bé mat, tao thanh nhiing “hing rio” Langmulr hay nhitng “dao” ngung tu, gita cdc
“dao” d6 c¢b thé ¢d nhitng phan ti bi tdch ra nim bep trén b€ mat tao thanh mang khi
(hinh 60.3b). Mang ngung tu c6 thé & trang thdi 1dng hoic rin, c6 thé kiém tra bang
cdch rai mot it bot nhe 1én bé mat. Khi thdi nhe, néu bot diing yén thi d6 12 mang rén,
con né€u bot di dong thi d6 1a mang 16ng.

Dé nghién ctiu tinh chét cia mang bé mit, ngudi ta thudng st dung can Langmuir
(xem hinh 60.4). D6 12 mot chau hinh hop duge d6 ddy nudc. Bic qua thanh chau 12 2
thanh chan lam bang bang gidy tdm parafin dat song song véi nhau. Nhé 1 giot dung
dich chat hoat dong bé mat trong dung méi dé bay hoi lén mit nudc gifta 2 bang gidy,
dung moi bay di con lai chét hoat dong bé miat khéng tan trong nudc tao thinh mang bé
mat. Gia thi€t ta x¢ dich bang gidy 2 sang phai thi dudi tic dung clia 4p sust bé mat
bang gidy 3 ciing dich sang phai 1am cho c4n can gin v6i né bj léch di. Dé cho cén can
khoi lech phdi dat 1én dia can mot trong luong twong duong dé chéng lai dp suat bé mat
cua mang Trong lugng dé tinh cho 1 don vi chiéu dai cha bang gify chinh 12 4p suat bé
mat cia mang. Két qua thi nghiém cho phép xay dung dugc céc dudng déng nhiét, biéu
dién su phu thudc cia dp sudt bé mat vao dién tich chiém bdi 1 mol chat hoat déng bé

mat. Cdc dudng ddng nhiét d6 cia cdc axit béo & nhiét do 12,5 — 14,5°C duoc trinh bay
trén hinh 60.5. Budng cong I 14 cua axit lauric C,;H,3;COOH, vi géc hidrocacbon & day
tuong ddi ngin nén mang bé mat & trang thai khi. Puong cong ¢6 dang dudng déng
nhi¢t PV = const d6i vdi khi li tudng ba chiéu. Dudng cong 2 1a cla axit miritic
C;3H,7COOH. Trong trudng hop nay diém gy tren dudng cong ting véi su chuyén tir
trang thdi khi sang trang thai ngung tu cla mang. Poan nim ngang cta dudng ding

Vo i/

0 1000 2000 3000 4000

S5, A2
Hinh 60.4. Can Langmuir. 1 - Chau ; Hinh 60.5. Su phu thudc clia dp sudt bé mat p
2, 3 — Céc bang gidy tdm parafin ; vao dién tich chiém bdi mot phan 1 S, :
4 - Cin dao dong ; 5 — Dia can. 1. axit lauric, 2. axit miritic. 3. axit panmitic,

nhiét ing v6i trang thdi can bang gilta mang kh{ vi cdc “dao” clia mang ngung tu.
Khi toan b mang di & trang thdi ngung tu thi 4p sudt bit ddu ting vot (doan thing ding
ctia dudng déng nhiét), nhung chi t6i mot gidi han nhat dinh, néu nén qud gidi han dé thi
mang s€ nhin lai va phd huy thanh timg méang réi x6 1én nhau tao thainh mang nhiéu 16p.

“Dudng cong 3 1a cla axit panmitic C;sH;;COOH. O day géc hidrocacbon tuong déi
dai nén mang luon luén & trang thdi ngung tu.
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Nhiing di€u trinh bay trén day vé sy dinh hwéng cla phan tir chat hoat dong bé ma
khéng tan trong nude khi hinh thanh mang bé mat, ciing 4p dung dugc cho nhimg chat
hoat dong bé mat dé tan trong nudc. Sy khéc nhau 13 trong trutmg hop sau, do goc
hidrocacbon ngan nén mang bé mat bao gi¢ cling & trang théi khi.

Vigc nghién cifu tinh chat cha mang bé mat cho phép xic dinh duge kich thuée va
cdu hinh clia cic phan tir hitu co phic tap va c6 nghia quan trong d6i véi hod keo va
sinh hod.

§61. SU HAP PHU TU DUNG DICH
TREN BE MAT CHAT RAN

Sy hdp phu wr dung dich trén bé mat chét rdn khac véi sy hdp phu cc chat riéng
biét & ché trong dung dich ¢6 it nhat hai cdu tir. Ca 2 cdu tir déu tham gia vio su hép
phu .va canh tranh 14n nhau dé chiém bé mat, do d6 trén bé mit ciing nhu trong thé tich
khéng c6 nhiing chd tréng.

Trong dung dich, chét tan c6 th€ & trang thdi phén tit hoac phan li thanh ion. O day
ta chi gidi han sy khao sét d6i voi su hdp phu phan tir, con sy hdp phu ion c6 thé tham
khdo & cédc gido trinh ho4 keo.

1. Phuong trinh hiap phy ding nhiét

Dai v6i su hdp phu tir dung dich gém 2 c4u tir 1 va 2 thi khi dat can bing ta c6 cac
hé thuac :

Mot =K
“’a,Z = “2

trong d6 p,) va W, 12 hod the chia cdu tir 1 va 2 trong 16p hap phu, con p; va p, —

trong thé tich. Néu biéu dién hod thé qua néng d6 phan s6 molN, ; 1rén bé mat va N;

trong thé tich va céc hé s6 hoat do tuong tng Yo VA Y, taco:
Wy +RTIN, Y, =10 +RTIn Ny, | (61.1)
Wa2 tRTINN, 5 ¥,5 =U3 +RT InN,y, (61.2)
(Mg, va p? 12 hod the & trz_mg thdi tieu chudn).
Tir hai biéu thifc trén ta nhan duge : |

Nyo-Ny _Y2Ya,
NN, Yi-¥a2

1 [+ o a (o]
exp [-E'T' {(“’a,2 =u3)— (Mg — 1 )}] (61.3)
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Néu ki hiéu : '
Y2/Y =K, _ (61.4)
Ya2 Va1 =Kq (61.5)
exp[--RI;{(uﬁ.z ~H3) — (Mg —u'i’)}] =K (61.6)
ta sé co: M=£—.KS=K (61.7)

Ny N, K,
D6i véi dung dich hai c4u tir ta c6 :

N, =1-N, (61.8)
N, =1-N,, (61.9)

Vi vay két hgp (61.7) — (61.9) ta dugc :
N,=—— " _ (61.10)
271+ (K -DN,

D6 1a phuong trinh déng nhiét hdp phu tir dung dich 2 c4u tir, biéu dién su phu thuoc
clia néng d6 phdn mol bé mdt N, 5 vao ndng d0 phdn mol thé tich N, clia c4u tir 2.

Dang dudmg déng nhiét N,y=f (NZ) phu thuéc vao gid K va dugc biéu dién trén
hinh 61.1a.

Dudng cong 1 ving véi trudng hgp cdu tir 2 hdp phu manh, khi K >> 1 va do d6
K 1. Viviy c6 thé viet K — 1 ~K va ;

PR S\ TR (61.11)
“ 1+KN,

Phuong trinh nay twong ty phuong trinh Langmuir.

Pudng cong 2 tng véi trudng hop cdu tir 2 hdp phu yéu, khi K, << 1vadodé K<< 1.
Vivay c6 thé viet (K- 1) =—1 va;
. KN,

- (61.12)
*2 " 1=N,

Dudmg cong 3 tng v6i trudng hgp ca hai cdu tr 1 va 2 hdp phu yéu, khi K, = 1.
Trong trudng hop nay, K thudng i&ch khoi don vi vé moét phia & gid tri N, bé va vé phia
khic & gid tri N, 16n. Tai diém a 12 giao diém cta dudng cong 3 va dudng thing
N,, =N, thanh phdn dung dich trong 16p hdp phu va trong thé tich 13 gidng nhau.
Tai néng d6 d6 chét hdp phu khong ¢ kha nang tdch cdc c4u tir tir dung dich.
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Phuong trinh déng nhiét Nga = f(Ny) c6 thé chuyén thanh cdc phuong trinh déng
nhi¢t o, = f(N,) vaTp = t(N,), 6 day o, 12 s6 mol cdu 1 2 trén mot don vi dién tich

bé mat va I['; 1a dai lugng hap phu Gibbs. Cic duong ding nhiét tuong img dugce trinh
« bay trén cac hinh 61.1b va 61.1c.

Sau day ta khio sit mét s6 y&u t6 anh hudng dén sy hdp phu tir dung dich lén bé
mat chat ran.

—_

1 7, 1 ot s !
N_ // Y . 3
@ i o~ I
= . bé] 3 . o
W2 ¥
/7 2 /2 5
a) b) c)

Hinh 61.1. Cdc dudng dang nhiét (a) Ny 2 =1(Ny): (b) oy = f(N,) ; (¢) I’y =f{N,) : 1. C#u tir 2 hap phu
manh (K, >> 1) : 2. C4u tir 2 hap phy yéu (K << 1) ; 3. Ca hai céu tir déu hap phu véu.

2. Anh hudng ctia dung méi

Hép phu trong dung dich 13 hap phu canh tranh, nghia 13 ch&t tan hap phu cang
manh thi dung moi hdp phu cang yéu. Vi chat hoat dong be mat 1a chat c6 sitc cang bé
mat nho, cho nén néu dung méi c6 sitc cang bé mit cang 16n (uic cang khé hip phu)
thi chat tan cang dé hap phu. Vi vay déi véi su hdp phu chat tan tir dung dich thi dung
moi nude (co stic cang bé mat 16n) wu viét hon so véi dung méi hitu co (cé siic cing
bé mat bé),

Mot ti¢u chuin khic dé chon dung moi thich hop cho su hap phu tir dung dich 1a
nhiét thim uét. Dung mdi c6 nhiét thim uét doi véi mot bé mat cho sén cang cao, ¢6
nghia 12 tvong téc giita dung moi va bé mat cang manh thi chat tan cang khé hap phu
len bé mat d6. Cic s6 liéu néu & bang 61.1 vé su hdp phu cda axit benzoic trong cdc
dung moi khic nhau trén bé mat floridin da ching minh quy luat dé.

Bdng 61.1. Sy hdp phu clia axit benzoic trén floridin
tir cac dung dich c6 néng do 1%

| Dung moi Nhiet tham udt cal/g Lugng axit bi hdp phu (mmol/g)
Axetat 273 0
Etyl axetat 18,5 0,22
Clorofom 8.4 3,50
Benzen 5,6 3,64
Tetraclorua cachon 4,6 3,95
Ligroin 4,2 4,01
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Mot quy luat thuong gap 12 chat tan cang dé tan thi cang kho hép phu lén bé mit, 13
nguyén nhan lam dio ngugc quy tac Traube. Vi du khi h&p phu cédc axit béo trén
silicagen (bé mat ua nuéc) trong dung méi benzen, thi khi tang khéi lugng phan tir clia
axit, su hdp phu khong tang nhw quy tic Traube ddi hoi, ma lai giam, vi phan tir cang
dai thi cang dé tan trong dung moi khong phan cyc.

3. Anh hudng cla chat hdp phu va bj hap phu

Mot quy luart thudng gap 1a cdc chat phan cue dé hap phu trén bé mit phan cuc, con
chat khéng phan cuc — trén bé mat khong phan cuc.

B¢ x6p-cha chat hip phu ciing 4nh hudng dén kha nang hip phu. Khi gidm kich
thuéc mao quan trong chat hdp phu x&p thi sy hdp phu tir dung dich thudng tang lén
nhung chi trong chimg muc ma kich thuéc clia mao quan khong can trd su di vao clia
chét bi hap phu. Néu kich thudc mao quan bé hon kich thu6e clia phén tr bj hap phu thi
su hdp phu s€ bi cdn tré. Day ciing 12 mot nguyén nhéan 1am dao ngugc quy tic Traube.
Vi du khi hap phy cdc axit béo trén chat hip phu cé6 mao quan nhd, thi véi su kéo dai
mach hidrocacbon dai lugng hdp phu (didc trung bing hé s6 k’ trong phuong trinh
Freundlich (59.3)) khéng tang Ién nhu quy tic Traube doi héi, ma lai giam xudng nhir
duge trinh bay ¢ bang 61.2.

Bdng 61.2. Su hap phu cic axit béo tir dung dich
trén chat hap phu ¢é mao quan nhé

Axit 56 nguyen tir Ctrong mach | Hé s6 k* (ph. tr) (59.3)
Fomic HCOOH o 0,546
Axetic CH;COOH 1 0,238
Propinic C;H;COOH 2 0,111
Butiric C3H,COOH 3 0,056
Valerianic C4HyCOOH 4 0,032
Capronic CsH,COOH 5 0,020

Theo quy tac giam nhe do phan cuc clia Rebinder, thi chat C ¢6 kha nang hdp phu
trén bé mat phan cich giita hai pha A va B, néu sy ¢6 mat ciia C trong 16p bé mat lam
giam su chénh léch cla do phan cuc giita cic pha dd. Noi cach khic, néu ding do tham
dién moi & d¢ dac trung cho do phan cyc thi sy hdp phu chét C s& xay ra néu thod min
diéu kién :

€4 >€c >€p hodc €4 <g, <y

—_hudc_— — benzen .. - khoéng khi
than silicagen _nuéc

Hinh 61.2. Sy dinh hudng cha phan tir chdt hoat déng bé mat phan cach cdc pha ¢6 ban chat khdc nhau.
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Dua vao quy tic ndy, ta ¢6 thé giai thich dugc su dinh huéng cha phan tir chét hoat
dong bé mat trén bé mat phan cich pha : phdn phan cuc huéng vé pha phan cuc, phin
khong phan cuc hudng v€ pha khéng phan cuc, nhuy duge mé ta trén hinh 61.2. Dua trén
co sd ndy ma trong thyc t€ ngudi ta thudng sir dung nhitng chat hdp phu phan cuc
(silicagen, dat sét, floridin) d€ hdp phu cdc chat hoat dong bé mat trong méi trudng
khong phan cuc (vi du benzen...) va nhiing chat hdp phu khong phan cuc (than) trong
mol treong phan cuc (vi du nude) :

4. Anh hudng cla nhiét do

Khi tang nhiét d§, su hdp phu trong dung dich giam, nhung thudng & muic do it hon
so vdi su hép phy khi. Tuy nhién, d&i v6i nhimng cu tir hoa tan han ch€ ma khi tang

3 3 . nhiét do do tan tang lén, thi kha
® 20°Q o 20°% /l nang hdp phu ciing c6 thé tang
“jg"z Va ‘—E“g Ly ] Ién, vi néng 40 cha nd trong
= // ;)‘?C\ 2 /j/ / 20°CE dung dif:h dlch tang lén. Hinh
S oy L L 61.3 bién dién cdc trudng hop

i | khic nhau vé anh huéng cla

002 05075 10 O 0025 005 vors  nhiét do dén su hdp phu. Trong

Negh, Ne,oH, trudng hop su hdp phu ctia benzen
_ a) b) trong dung méi n — hexan (hoa
Hinh 61.3. Anh huéng cia nhiet do dén sy hap phy tan khong han ché&) trén bé mat

trong dung dich hai cfu tr ; (a) Su hdp phu c¢ha benzen $i0, hidroxyl hod, d¢ hdp phu
trong dung méi n-hexan (hoa tan hoan toan) trén bé mat Si0, ;
(b) Sir hdp phu cla naphtalen trong dung méi »n-heptan
(hoa tan han ch€) trén bé mat Si0,.

giam khi nhiét d¢ tang, nhung
do6i véi su hdp phu cua naphtalen
trong dung modi n — heptan va
ciing trén chat hdp phu d6, thi khi ting nhiét do, d¢ hap phu ting. Nguyén nhan 1a do
naphtalen hoa tan han ch€ va két tinh trong n — heptan. Viéc tang nhiét do lam tang
nong do bdo hoa clia naphtalen trong dung dich, din dén sy tang d6 hap phu. Con néun
so sanh sy hap phu & cing mot néng d6 thi cing nhu trong trudng hop benzen, khi ting
nhiét d9, do hdp phy clia naphtalen giam.

§62. SU HAP PHU TREN CHAT HAP PHU XOP

1. Cac chat hap phu x8p va phan loai

Nhiing chét hdp phu khong x6p dugc diéu ché bing phuong phap két tha tir dung
dich (vi dy bari sunfat) hoic bang cich tdn nhd mét vat rén thuéng cé bé mat riéng bé
(1—10m2/g) cho nén ing dung clia ching bi han ché€. Nhimg chat hdp phu khong xdp ciing
¢6 thé cé bé mat rieng phét trién (hang trim m%/g), néu chiing c6 d6 phén tdn cao nhu
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muqi than, mudi silic di€u ch€ bang cdch d6t chdy khong hoan toan céc hgp chét hitu co
hoac ¢6 silic. Cac bot min nay thudng duge ding 1am chat don trong vét liéu cao phan ti.

Dé lam chat hdp phu, chat sdy khe, chdt mang hoic chdt xic tic thong thudmg
nguoi ta st dung nhimg chadt hdp phu x6p ¢6 bé mit trong phét trién. Nhitng chat hap
phu c6 16 x6p bé thudng 1a than (than g8, than xwong, than so dira) silicagen, alumogen,
alumosilicagen, silicat tu nhién v.v...

Than thé binh thudng c¢6 kha nang hdp phu kém, cho nén ngudi ta phai hoat hod né
dé thu dugc than hoat tinh. Hoat ho4 than 1a qua trinh ché€ hod than & nhiét do cao
(750 — 950°C) trong moi trudng hoi nude hoackhi CO,, trong qua trinh d6 nhya, cdc
chét hifu co va mdt phdn than phan tng véi hoi nuéc va CO, dé tao thanh CO va H,
déng thai hinh thanh cdc 16 x6p trong vién than. Bé mat riéng clia than hoat tinh dao
dong trong khoang 300 — 1000m?/g, con dudng kinh 1 nhd — tir 30 — 90 A.

Silicagen diéu ché tir dung dich natri silicat va axit clohidric 5 — 10%, thuong c6 bé
mit riéng 400 — 500m2/g. Mao quan trong silicagen néi chung réng hon va déng nhat hon
than hoat tinh. Silicagen hdp phu hoi nuéc manh nén thudng duge dunglam chat sy kho.

Trong s§ cac chit hap phu x0p ¢é mao quan nhé cin ké dén zeolit. D6 1a cac
alumosilicat & trang thdi tinh thé ngdm nuéc, cé cong thitc chung Myn [(ALO;),
(510,),] HyO trong d6 M 1a cation kim loai hod tri n. Tuy theo ti 1& Si/Al zeolit c6 thé
tén tai & nhiév dang tinh thé Xhdc nhau, trong dé céc loai zeolit A, X va Y duge ding
phé bign hon ca. .

bic diém cia zeolit 1a ching c¢6 hé mao quan nhd déng nhét va cé dudng kinh cla
“cira s6” di vao ¢& kich thudc phdn tlr, nh& dé zeolit c¢6 khi niang hip phu chon loc
nhitng phén tlr ¢6 kich thuGc bé hon kich thudc “clra s6”. Tir tinh chat nay ma ngudi ta
goi zeolit 12 ray phan tir. Chang han zeolit A c6 coéng thitc Na;, [(AlO,), (Si0,),]
27H,0 dugc ki hiéu 13 NaA, ¢6 dudng kinh cha “clta s8” 1a 4A. Néu thay ion Na” bing
Ca®* ta duoc zeolit CaA c6 dudng kinh “cita s8” 1a SA.

Zeolit X va Y (c6 ti 1& Si/Al > 1) ¢6 “cira s3” rong hon, khoang 7,4A. Ciing nhu
silicagen zeolit dugc ding 1am chét sy kho vi phan ti nuéc (dudng kinh 2,75 A) dé
dang lot qua “clta s6” trong khi nhifng phan t 1ém bi giit lai. Zeolit 14 tic nhan téch cdc
hén hgp phitc tap, ngoai ra zeolit X va Y dugc ting dung réng rdi 1am chét xic tdc trong
cong nghiép hod dau. :

Phan logi. Cac chadt hip phu x&p c6 thé phan loai theo cdu tao hinh hoc, theo tinh
dong nhat vé do xop hoac theo kich thudc 14.

Theo ciu tao hinh hoc céc vat x&p ¢6 thé phan loai nhu sau :

a) Vat x0p dang hat lién két, duge hinh thanh tir nhilmg hat ban dau cé kich thu()’E:
khac nhau gén lai v6i nhau tai nhitng diém ti€p xic. Khe hd gifta céc hat tao thanh 16
x0p hay mao quan. Vi du vé loai ndy 13 cdc gen kho nhu magie oxit hoat tinh v.v...

b) Vat x6p 16 ong 1a mot hé cac 16 x6p va mao quan thong véi nhau va véi moi
trudng ngoai, tao thanh mang ludi 3 chiéu trong pha rin. Vi du vé loai nay 1a than hoat
tinh, thuy tinh x6p.
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¢) Vit x6p hén tap, trong d6 cu triic x6p vira & dang hat lién két, vira & dang té ong.

Theo d¢ dong nhat vé kich thudc 1§, cdc vat x6p duge phan thanh :

a) Vat x6p don phan tin dac trung bing dudng phan bs thé tich réng, cé6 mot cuc
dai theo ban kinh mao quan.

b) Vat x6p da phan tdn dic trimg bing nhiéu cuc dai ctia dudng phén b6 dé.

Zeolit dd €p vién la mot vi du vé vat xdp ludng phan tdn gém 2 hé mao quan : hé vi
mao quan ndm bén trong céc vi tinh thé zeolit, va hé mao quan 16n dugc hlnh thanh giita
cdc vi tinh thé khi ching duoc ép thanh vién.

Theo kich thudc mao quan, cdc vat x8p duge phan thanh cdc hé :

a) Vi mao quan - ¢é ban kinh tuong duong nho hon /,57m (15 A).

b) Mao quén trung gian — ¢6 bén kinh twong duong tir 1,5 — 30nm (15 — 300 A).

c¢) Mao quén 16n — ¢6 bdn kinh tuong dwong tir 30 dén 6500 nm (300 — 65000 A).

d) Mao quén siéu 16n — c¢6 bdn kinh tuong duong 16n hon 6500 nm (65000 1?\).
Ban kinh twong duong duge tinh theo hé thie (62.19).

2. Sy ngung tu mao quan

Déi véi su hap phu trén bé mat khong x6p thi khi tang dp sudt cha chat bj hdp phu,
sy hip phu ti€n tlr mét 16p dén nhiéu 16p va s6 16p cang nhiéu néu 4p sudt cing tang.

Tuy nhién né€u sy hdp phu xay ra trong cdc mao quan thi khi ting dp suit s& 16p hdp
phu khong thé ting mdi ma dng v6i nhitng 4p sudt nhat dinh tuy thuoc vao bén kinh
mao quan, cdc 1ép hip phu s& chuyén thanh chét 1dng ¢6 mat khum c4u trong mao quén.
Ta goi d6 la sy ngung tu mao quan. RS rang sy ngung tu mao quan chi xdy ra néu chat
16ng thim uét bé mit. Trong trudng hop nidy mat khum bao gid ciing 16m, va vi dp sudt
hoi bdo hoa trén mat 16m clia chat 1ong bao gi¥y ciing bé hon trén mat phing, cho nén
chat 16ng bi hit vao mao quén. Moi lién hé gilta 4p sudt hoi cla chat 1dng, sifc cang bé
mét vi d6 cong clia mat khum dugc biéu dién bing phuong trinh Yoaung Laplace.
Dya vao phuong trinh nay ta cé thé gidi thich mét s6 dic diém ciia sy ngimg tu mao
quin. Vi vay trudc hét ta hay thiét lap phuong trinh nay.

a) Phitong trinh Young Laplace va phuong trinh Kelvin. Gia thiét ta ¢cé mét mit
khum ctia chét 16ng c6 dién tich s. Dudi tic dung clia hiéu p suat AP mat khum d6 bi
dan ra va c6 dién tich s + ds. Theo hinh v& 62.1 ta ¢6 thé viét cdc hé thitc sau day :

ds = (x + dx) (y + dy) — xy = xdy + ydx (62.1)
A = ods = ¢ (xdy + ydx) = AP xydx (62.2)

G day o - sitc cang bé mat, A — cong tao thanh bé mit dS, AP — hiéu 4dp sudt & 2
bén bé mat S, APxy 1a luc tdc dung trén bé mat S, dz 1a do doi cta bé mat. Dua vao tinh
chit cha tam gidc déng dang ta c6 thé viét :

x+dx x

n+dz n
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Hinh 62.1. Mat khum § v6i 2 ban kinh 1y va 1.

tir dé suy ra : dx=£dE
h
Mot cach tuong ty c6 thé viét : dy = xdz
. rz
0 day 1 va r, 1a cdc ban kinh clia mat cong s. Tir cdc biéu thifc trén ta c6 ;
AP=Gxdy+ydx= o yxdz+xydz o _L.;.i (62.3)
xydz xydz\ n r non
Mat khdc, theo hé thic (19.27) thi :
ici] _7
dpP J;
hoac AG =VAP
do do hé thic (62.3) trd thanh :
AG = 0'17(—1- +—1-J (62.4)
nn

o day AG - bién thién nang lwgng tw do khi tao thinh bé mat méi. V — thé tich mol
cua chdt 16ng.

Khi dp dung cong thiic (62.4) d6i véi sy ngung tu mao quén thi ta thay :

AG = RTin P2 (62.5)
. p :
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Hinh 62.2. Ap suét hoi trén mat khum (p) Hinh 62.3. Mat khum cdu c6 ban kinh 7| trong
va trén mat phing (p,) clia chat 1dng. mao quén hinh try ¢6 bin kinh 7, @ 1a géc tham uét.

trong d6 p va p, tuong ing la 4p sudt hoi trén mat khum va trén mat phing ciia chat
long (xem hinh 62.2)

Két hop hai hé thic (62.4) va (62.5) ta dugc phuong trinh Young Laplace sau day :

Pe_SVI1 1 (62.6)
p R\n n
Ta hédy 4p dung phuong trinh Young Laplace d6i véi mat khum hinh cdu va hinh try

Néu mat khum hinh cdu thi r; =r,, do d6 phuong trinh (62.6) c6 dang :

1n£=_2tJ'V

p AT (62.7)
o I

3 day r; 1a ban kinh ctia mat khum hinh c4u. Néu mat khum tao véi thanh mao

quan mot géc @ (gdc thdm wét) thi gifta r; va r (bdn kinh mao quan, xem hinh 62.3) ¢6
hé thirc :

r

n= (62.8)
cosQ
Thay 5 trong phuong trinh (62.7) ta nhin duoc phuong trinh :
lni‘- - 2oV cosQ (62.9)
P rkr

o
G day P= F_ 12 4p suat hoi trén mit khum hinh cdu

Phuong trinh nay thuong duge goi la phuong trinh Kelvin, mot trudng hop riéng cla
phuong trinh Young Laplace. Dya vio phuong trinh Kelvin, ta ¢6 thé tinh dugc dp suft
twong d6i p/p, ma tai d6 x4y ra su ngung tu trong cdi mao quan c6 bdn kinh r tuong

iing. Vi dy déi v6i benzen, & 20°C ta ¢6 & = 28 dinfcm, V = 89,2cm’/mol, T=283K. ¢ =0
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(cos @ = 1). Thay cdc gid tri nay vao phuong trinh (62.9) ta tinh duoc :

P/P, r(A)
0.25 6

0,66 50
0,96 500
0,996 5000
0,999999 10 %cm

Nhu viy ta thdy mao quan c6 ban kinh cang bé thi syt hip phu mao quan xay ra d dp
sudt cang thép.

Néu mat khum Ia hinh tru thi r, =7, r, =, do dé phuong-trinh (62.6) ¢6 dang :
_aV
po rRI1

¢ ddy p = p, 1a dp suat hoi trén mat khum hinh tru.

Infe = (62.10)

So sdnh 2 hé thic (62.9) va (62.10) ta thdy ring d&i véi mao quan ¢6 bén kinh r thi
dp sudt hoi trén mat khum hinh tru 16n hon 4p suft hoi trén mat khum hinh cdu (cosp = 1),
nghia la p, > p.. Dya vao tinh chat nay ta c6 thé gii thich dugc hién tugng tré trong
ngung tu mao quan.

b) Hién tigng tré trong ngitng tu mao qudn. Gia thi€t vat x6p chia cdc mao quan cé
hinh dang nhu duge vé trén hinh 62.4.

Néu mao quan ¢4 dang hinh nén thi khi hp phu, mot iép mang 1éng trén bé mait s& duoc
tac thanh. Tai ché hep nhat cha mao quan, mang 13 mét mat cdu 16m ¢é bén kinh r, cho
nén tai 4p suat p=p, expl:—ZO‘V/rRT:I,

Fa = 2rg
hai trd nén bio hoa trén bé mat dé va bét . ! Vs
diu ngung tu. Cang ngung tu, ch4t 1ong % i 2 E ! %h)i
cang tién ra phia réng cla mao quin, ' ¥ él E !
nén r ting dan vd p ciing ting ddn. 7 > % /:,._‘:
Dudng déng nhiét hap phu trong trudng ! ' :
hop nay dugc vé trén hinh 62.4a. Khi dp
sudt giam, chat long ngung tu trén thanh o > >
mao quan s& dugc gidi phéng, dudng I T 1 4 12
dang nhiét giai hdp tring véi dudmg ding
nhiét hdp phu nhung theo huéng ngugc P —Fn — Pr,

lai, nghia la su ngung tu trong mao quan a) b) )

hinh nén 1a hoan toan thuin nghich. Hink 62.4. Chc duong ding ahiet hiip phu

Néu mao quén c¢é dang hinh tru hd va gidi hdp d6i véi cdc mao quan c6 hinh dang
moét dau (dang &ng nghiém) thi khi hdp khéc nhau : (a) dang hinh nén, (b) dang 6ng nghiém,
phu, mang 16m hinh céu cha chét long {c) dang hinh tru hé& hai ddu.
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duge hinh thanh & phia ddu kin. Tai 4p suéit p = p, exp[— -26V / rRT] su ngung tu bit ddu
xay ra, nhung khdc v6i trudmg hop trén, & dﬁy ban kinh cla mat khum cdu khéng thay
doi trong qua trinh ngung tu, vi viy mao quan dugc ldp diy & ap sudt khong déi p, va
dudng dang nhiét tng vdi giai doan ngung tu 12 mot dudng thing ditng. (xem Hinh
62.4b). Khi gidm ap sudt qua trinh giai hdp phu ciing di theo dudmg dé nhung theo
hudng nguge lai, nghia 14 sy ngung tu trong mao quan hinh &ng nghiém ciing xdy ra
hoan toan thuan nghich.

Cugi cling, n€u mao quin ¢6 dang hinh tru hd hai ddu (hinh 62.4¢) thi ban ddu mit
khum 1a I6p mang hinh tru bao phi thanh mao quan. Tai 4p suat

P, = p, exp[-6V / rRT] (62.11)
su ngung tu bt ddu xdy ra. Do két qua cla sy ngung tu 16p mang chat 1éng day dén, va
bén kinh 16 x0p bé ddn, lam cho toan b6 mao quan duge 14p ddy ngay & 4p sust p, vaciing
nhu trudng hop trude, dudng déng nhiét & giai doan ngung tu 14 mot dudng thing ding.
Sau khi mao quéan dugc chodn ddy thi cac mat khum hinh cdu duge hinh thanh & hai ddu

W

A

d

c

mao quan va do cong ctia chlng giam
dan khi tang dp suit. Khi giam 4p
sudt, qué trinh giai hdp lic ddu x4y ra

thuin nghich ing v6i sy bay hoi cha
chét long & hai ddu mao quan, dua

grs

PIP,

cdu c¢é ban kinh ngay ciang bé din.
Tuy nhién néu 4p suat chi gidm dén
gid tri p, = p_exp[—oV /rRT] thi chat
d 16ng & trong mao quan chua thé thodt
ra dugc. Chi khi ha dp sudt dén gia tri
(62.12)

hic ban kinh cua mat khum ciu bang
ban kinh cta 16p mang hinh tru r
trong mao quan, thi toan b chét long
trong mao quan sé€ bay hoi. Pudng
dang nhiét ing vdi giai doan nay 12 mat dudng thing ding & 4p sudt khong déi Py <Py
Két qua 1a dudng déng nhiét & giai doan 1dp ddy va gidi phéng mao quan khong tring
nhau, tao ra mot vong dic trung goi 12 vong tré ngung tu mao qudn (vong tao boi hai
dudng a va d. Quan hé giira cdc 4p sut hap phu P, va gidi hap P, ¢6 thé tim dugc nhu
sau. Tur hai hé thire (62.11) va (62.12), sau khi 1dy logarit ta dugc :

()-2(7)
o a

B _(RY
£, \F

Pa =P, exp[—261_//rRT]

PIP,,

Hinh 62.5. Nam kiéu vdng tré hap phu, kidu A, B, C,D. E
{theo De Boer J.H.)
a) DBudng hdp phu ; d) dudmg giai hip.

tir dS suy ra : (62.13)
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Trong thyc t€ cic mao quan trong chdt hdp phu khéng déng nhat vé hinh dang va
kich thuéc, vi vay ching duge 1dp ddy hodc duge gidi phéng tai céc dp sudt khic nhau,
khién cho hai nhanh a va d clia vong tré thudng ndm nghiéng so vdi cdc truc toa dd.

Tuy thudc vao hinh dang mao quan ma vong tré cé thé c6 cac hinh dang khac nhau.
Theo DeBoer J. H. cdc vong tré ngung tu mao quan cé thé phan thanh 5 kiéu dién hinh
nhu mé ta trén hinh 62.5.

3. Mot sé dai lugng dic trung cho tinh chdt xop

Nguoi ta thudng dung cdc dai hwong sau day dé dic trung cho tinh chit x&p cia chét
h&p phu x6p : khéi [ugng riéng thuc va biéu ki€n, thé tich x8p va do x8p, bé mit riéng,
ban kinh mao quan.

Khoi lugng riéng thuc dy, g/cm3 la khoi lugng b khung ctia vat xdp tinh cho mot
don vi thé tich cla bg khung dé.

Khéi lugng riéng biéu kién d,,, g/cm’ 12 khéi lugng cha vt xop tinh cho mot don vi
thé tich cha vat x6p.

Nhu vay 1/d,, la thé tich chi€m béi 1 gam cla vat x6p, bao gom thé tich clia bo
khung ran tao ra 16 x&p va thé tich cla ban than céc 16 xdp, con 1/d,, la thé tich cha bd
khung ran, cho rén thé tich ciia cdc 16 x0p, tinh cho 1 gam chét hap phu x6p s& 1a :

1 | 3
V,se———cm” g (62.14)
y dbk drh

D¢ xop € duge dinh nghia la i s6 giita thé tich ciia cdc 16 x6p V, rén thé tich cha

vit X6p (j;dbk) :
dy —dy,

g=—HA—2 (62.15)
dr!

T

Bé mdt riéng S, mzlg cta chat hdp phu xdp thudng duge xdc dinh bang phuong phdp
BET khi hip phu nito hoac agon. Can luu ¥ ring bé mat riéng chi ¢ gid tri thuc d6i véi
chat hdp phu x8p chda cdc mao quan 16n va trung binh, con d6i véi cdc vi mao quan thi
nd chi ¢d gi4 tri hinh thic.

Bdn kinh 16. V& kich thuéc mao quan, d6i véi cdc hé don phén tan ngudi ta dung
khai niém bdn kinh trung binh, d6i v6i hé da phan tan ngudi ta diing khdi niém bdn kinh
tirong ditong duge xac dinh nhu sau :

Néu hé mao quan I don phén tdn va gid thigt ¢6 dang hinh try ¢6 ban kinh trung
binh r thi thé tich cic mao quan 1a V, =#F2 va dién tich bé mit S = 2arl. (I 1a chiéu
dai cia tat ca cdc mao quan). Vi vay bén kinh trung binh c6 thé tinh theo biéu thic :

P 2V,
S

(62.16)
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Néu cau triic x3p 1a khe hé giita cic ban mong x&p chéng lén nhau thi bé réng trung
hinh b clia cdc khe h& ciing duge tinh theo bi€u thic tuong tu
2V,

)

D6i v6i hé da phan tén, kich thude cdc mao quan thay ddi trong pham vi kha rong.

Trong trudng hop nay ngudi ta thudng xdc dinh dudng cong phan bé thé tich x6p theo

ban kinh twong duong, tdc ban kinh hi¢u dung, khi gia thiét cdc mao quan déu cé dang
hinh try. :

b=

(62.17)

Phitong phdp Kelvin. D61 v&i hé mao quan trung gian (hé mao quan bi 14p ddy khi
ngung tu mao quan) ngudi ta thudng dua vio dudng dang nhiét gidi hip dé thiét 13p
dudng cong phéan bs. Viec sl dung dudng giai hdp thuan tién hon dudng hap phu, vi khi
gidi hdp chi ¢6 mat khum hinh cdu dugc hinh thanh. Mdi diém cia dudmg déng nhiét
cho gid tri cua lugng hap phu x; ing vdi dp sudt tuong d6i p;/ p,. Nhan x; véi thé tich
mol cha chat léng ta dugc the tich mao quan v; duge 1dp ddy bdi chat léng. Mat khéc,
dya vao phuong trinh Kelvin (62.9) khi cho cos@ = 1 ta ¢6 thé tinh duoc ban kinh 7 ;
tng v&i dp sudt tuong d6i p; / p,,.

B 26V
RT In(p;/ p,)

O day 7x; 1a bdn kinh trong cia mat khum hinh tru, n€u céng thém chiéu day ¢; cla

Tei = (62.18)

mang chétlong & 4p sudt p;, ta s&€ dugc ban kinh clia mao quan Tpie

Fpi =Ty (62.19)
1y duge goi la ban kinh tuong duong. Quan hé gitta r, r, va t duge biéu dién trén
hinh 62.6.

Dai lugng #; ¢6 thé tinh duge néu biét dai lugng hdp phu x| clia chdt dé & 4p suat
p; trén bé mat S cla chat hap phu khéng x6p ¢é cling ban chat :

. . =4V (62.20)
: : s
._t.i..ﬁ_.: (V — thé tich mol chia chdt 16ng).
-—-—-E-rP—J Néu dung dé6 thi v; phu thudc r,; ta nhan dugc

dudng cong cédu tric, tir d6 bing phuong phip vi
phan dé thi ta ¢6 thé xay dung dugc dudng cong
phan b6 (Av,/Ar, phu thuoc 7,) th€ hién sy phan

b6 thé tich x6p theo ban kinh twong duong.

Hinh 62.6. Mao quan hinh tru c6 bén Dé minh hoa, trén hinh 62.7 trinh bay cdc dudng
kinh Kelvin 7; vaban kinh thye 7. ding nhiét hdp phu va gidi hip nitg § —195°C trén
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nhoém oxit vd dudng phan bg
thé tich theo ban kinh tuong
duong. Trong vi du nay ta
thdy, hé mao quan trong nhém
oxit la khd d6ng nhat vd bdn
kinh tuong duong cd xac suit
16n nhat 1a vao khoang 20A.
Phuong phdp Kelvin vira khao
sat cho phép xic dinh su phan
bd 16 cdc mao quan trung gian
theo bin kinh twrong duong
trong khoang 15 - 150A. Dé
xac dinh do x6p cua cic chat
hap phu x8p c6 ban kinh tuong
duong 16n hon 150 - 2004,
nguoi ta thuong ding phuong
phip nén thuy ngan vao cic
mao quan (phuong phip xop
ké& thuy ngan).

Phitong phip xdp ké thuy
ngdn. Thuy ngan 12 chatléng

Av
é—" 103, cm¥A

v.Cm
b
ﬁ {80
300 - i)
'
1y
: 1
! ' » 60
200 } f
1{ 40
100 |
_ {20
x
o b Il x wl 3 Il
0,2 0,4 0,6 0.8 1,0

PIP,

166 21 26 35 53 103
o A
Hinh 62.7. Su hdp phu Ny & —195°C, trén ALO; ;
a) dudmg déng nhiét : o - hip phuy, « ~ giai hap,
b) dutmg cong phan bd 15 theo kich thude.

khong tham uét bé mat, géc thdm uét ¢ > 90° (cosg < 1), vi vay thuy ngan chi c6 thé
chui vao cdc mao quan khi bi nén, mao quén cang bé thi &p suit nén cang lén.

Quan h¢ gira ap sudt nén va bdn kinh mao quan dé& dang tim dugc nhu sau :

Xudt phat tir phuong trinh (62.3), néu gia thiét mao quan Ia hinh tru va mit khum 1a

hinh cdu (1, =r, =#), tas€ c6 :

AP = P(nwo quam = P(Hg} =

20cos @

(62.21)
;

Ap suat trong mao quan rat bé so vGi 4p sust nén trén thuy ngan, vi vy c6 thé viét :

it

hoac :

Hg) =

_20c080

20cos@
r

62.22
P ( )

Déi vdi Hg ngudi ta chdp nhan cdc gid tri o = 480 din/cm (sitc cang bé mat & 25°C),

@ = 140° (g6c tham uét). NEu chuyén don vi 4p suat tir dinfcm® sang atm ki thuat (1 atm
ki thuat = 0,980655.10° din/cm?), thi he thic (62.22) cé thé viét dusi dang -

HA)=

75000 (62.23)

(atm)
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Phuong phdp nén thuy ngan & 4p sufit thap (P < 1 atm) cho phép xdc dinh kich
thu6c cdc 16 16n (v > 5u). D6 v6i céc 16 bé (r < 5u) thuy ngan cin duge nén & ap sudt
cao. Vi du ung véi P = 306 atm, r = 243 A.

Mot nhuge diém ciia phuong phdp nén thuy ngan 12 & 4p suat cao ban than cdu tric
X0p clia chat hap phu c6 thé bi thay ddi hay bi phé va.

Dai véi cac hé vi mao quan ngudi ta khong dat van dé xdc dinh su phéan b6 thé tich
theo kich thudc mao quan vi khéng c6 phuong phép thich hop.

4. Sy hap phu trong cac vi mao quan. Li thuyét Polanyi ~ Dubinin

Trong cdc mao quan nhd, do céc sy chéng chat thé ndng ciia luc khuéch tén ca cdc
thanh dGi di¢n nén luc hip phu tang Ién déng ké. G day su hdp phu xiy ra manh hon,
noéng do chét bi hdp phu cao hon so véi trén bé mit & trong cdc mao quan 16n — Vi vay
trong trudng hop nay, khé c6 thé néi vé sir hinh thanh mét 16p don phén tir hoan chinh
trén bé mat nhu trong truémg hop su hdp phu xay ra trén bé mat khong x6p. Viéc si
dung cdc phuong trinh Langmuir va BET & day gap khé khin. Néu vé mat hinh thitc céc
dudng dang nhiét hap phu c6 thé mé ta boi céc phuong trinh nay, thi dai lugng 4,, & day
maét ¥ nghia vé dung tich cta 16p hap phu don phan tir va khong thé dung dai lugng nay
dé suy ra dién tich bé mat.

Do su tang lén cda th€ hap phu trong cdc mao quan nhd ma ching bi lap day bai
chat bi hap phu ngay ¢ nhitng dp suat thap.

Trén ¢o s& nay Polanyi dé ra thuyét the nang vé hap phu véi gia thiét ring toan bo
chat bj h&p phu trén bé mat la & trang thdi long. D6i véi chat hdp phu x6p, su hdp phu
bét ddu xay ra & nhiing ché ¢4 thé hép phu cao nhat, nghia 12 & phdn mao quan hep nhat
nhung chua bi can trg vé mat khong gian. Khi tang 4p sudt, dai lugng hdp phu ting lén,

chat 10ng ti€p tuc 1ap ddy nhitng mao quan rong hon. Nhu vay, th€ hadp phu 12 mot ham
clia thé tich 16ng cta chat bi hdp phu va cé thé xic dinh dugce bang thuc nghiém. Thé

tich @ clia chat bi hap phu & thé 1dng bing tich cta dai lwgng hdp phu x va thé tich mol
clia chat 1éng :
W=xv, (62.24)

Trong thuyét Polanyi, thé€ hdp phu € dugc x4c dinh nhu sau : Got p la dp suat hoi
cta chat bi hap phu khi & xa bé mat, P, la ap sudt hoi bao hoa cla chat 1ong bi hap phu
trén bé mat,

Thé hdp phu duge dinh nghia 12 cong chuyén hoi tir 4p sudt p, dén p, tic cong
chong lai luc hdp phy, nghia la

g=RTIn2e (62.25)
p

Vi e va wdéu la ham cia p/p,, do dé cé thé biéu dién € qua w. Dudng bi€u dién
€ = & (w) duge goi la duong cong ddc tring. Nhu ta thdy tir hinh 62.8 dudng cong dic
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trung khong phy thugc vao nhiét do. Diéu d6 c6 nghia la Ung v6i 2 nhiét do khéc nhau
Ty va T, ta déu c6 mot gid tri clia w va clia € tuong ing :

W= XV | =XV 2 (62.26)
va e=RT, In 2oL — gr, 1n P02 (62.27)
P P2
Hai hé thdc nay cho phép 250
tinh duge x, va p, & nhiét do T I o 196K
G A e 1.1 P
khi bi€t x, & dp suat py, nhiét f( 5000 L
do T;. Nhu vay néu biet dwomg 3’ F  PEK]| £
7 a3 n .. " . 100 303K 8_4000 UQ%
dang nhiét & mot nhiét d6 nao dé o] W
ta cé thé tinh ra dugc dudng solL 21353 K 2000 \N\
dang nhiét & cic nhiét do khic. 425 K _ i
. . . . 0
Dubinin di phat trién thuyét 500 1000 0 50 100 150 200
- P . P, mmHg W, mm?
th€ nang vé hap phu trén day a) b)

bang cich ching minh dugc
rdng trén cing mot chat hdp phuy,
i s6 gilta th€ hdp phu cla hai
chdt bi hap phu khdc nhau 1
khong d6i va khong phu thuéc vao thé tich hdp phu. Ching han, néu € Va €, 12 thé hap

phu ciia hai chat bi hdp phu 1 va 2 trén ciing mot chat hép phu thi :

Hinh 62.8. Cdc dudng ding nhiét hdp phu CO, trén than
hoat tinh & cdc nhiét d¢ khdc nhau
(a) va dudng cong dic trung tuong ing (b)

L=p (62.28)

6 moi gid tri cha w. Nhur vy, hai dudng dic trumg € =€ (W) va €, = €,(w) 1a tuong
v6i nhau, vi the'§ duge goi 1a he s6 twong déng (afinity coefficient).

DGi v6i chdt hdp phuy la than hoat tink ¢6 hé mao quan bé Dubinin va Radushkevich
cho ring dudng cong =€) cd dang cta ham phan bs Gauss :

ket
W=, (62.29)

trong d6 @, la thé tich ciia tdt ca cdc mao quén nhé, & 1a hing s6 dac trlmg cho su phan
b8 mao quan theo kich thudc.

Néu ¢ la thé hdp phu ciia mot chat bi hdp phu nao dé duge xem 12 chudn thi thé hap
phu ciia mot chét khac s& 1a €/B. Vi vay d6i véi chat nay ta cé phwvong trinh ;
2
o
w=am,e ‘P {62.30)
Trong phuong trinh nay, néu biéu dién w va € qua céc hé thitc (62.24) va (62.25),
sau do 14y logarit s& nhan dwrge phuong trinh ciia dudng déng nhiét trong tng :
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2
lgx=1g 2o .2 303 Biz (RT? [1g£’-0-] (6231
p

m
2
Nhu vay dudng biéu dién Igx phu thuoc [lg -p—"-] 12 mot dudng thing cé do d6c
P

k 2 . a P -, . b3 m -
D=2,303 BE(J‘E]’")2 va cat tryc tung tai diém c6 gid tri bang lg—=. Phuong trinh
Vm
(62.31) duge goi la phuong trinh Dubinin. Dudng hdp phu ding nhiét benzen va nito
trén than hoat tinh bi€u dién theo toa d¢ cha phuong trinh Dubinin dugc trinh bay trén
hinh 62.9. Dya vao doan cét trén truc tung clia dd thi ta c¢6 thé tinh duge thé tich cha tat
cd cdc 16 x6p nho.

Lgx

0 5 10 15
llg(Po/P)I?

Hinh 62.9. Cic dudng ding nhiet hdp phy benzen va nito trén than hoat tinh theo toa do ciia phuong trinh
Dubinin ; 1. 2. hdp phu benzen & 20°C trén hai loai than hoat tinh khdc nhau ; 3. hdp phu nito & —195°C
trén than hoat tinh, x bi€u dién bang mmol/s.

Li thuyét Polanyi — Dubinin m6 ta t6t sy hap phy khong dic thi cha cdc chat hitu co
trén than hoat tinh. N6 khong dp dung dugc d6i véi sy hip phu don phan ti, ciing nhu
su hap phu da phan ti trén nhitng chét hép phu khong x&p hoac ¢6 16 x8p lén.

BAI TAP
1. Thé tich oxi bi hdp phu trén bé mat sit & —183°C phu thuoc thai gian nhu sau
ts: 1380 3000 4260 7320 10020 o0
viem® s 0,167 0,272 0,330 0,408 0,432 - 0,451

Hay ching minh su hdp phu tuan theo quy luat phan dng bac 1 va tinh hing sé t&c
do hap phu. '

PS:k=13.10 %71

2. Luong hdp phu nitg (x) trén than (0,0946g) & ~77°C phu thuéc 4dp sudt P cla nito
nhu sau :
p.atm 3,5 10 16,7 25,7 33,5 39,2 48,6
x,g 00119 00161 00181 0,0192 0,0195 0,0196 0,0199

202



T A,
ri
"Eé,
#

a) Pudng dang nhiét thu duge ¢6 dang dudmg Langmuir hay dudmg Freundlich ?
b) Néu c6 dang dudng Freundlich hdy tinh cdc hang s6 k va 1/n trong phuong trinh
x/m=kP"" (m - lugng than). DS : k = 0,0895, {/n =0,271.

3. Ké&t qua do su hap phu cla axit axetic trén than & nhiét d6 phdng cho & bang sau
(thé tich chung 200 m/).

C . [CH,COOH]},, [CH,COCH]...
56 thi nghi¢m moli! l;uéc ha'p{;)hl_l molll khsi dat can bing Lugng than m, g
1 0,503 0,434 3.96
2 0,252 0,202 3,94
3 0,126 0,0899 4,00
4 0,0628 0,0347 4,12
5 0,0314 00113 4,64
6 0,0157 0,00333 4,00

Tinh céc hing s6 k va 1/n theo phuong trinh Freundlich :

DS : k=0,28 (1/n = 0,355).

PHY LUC

Phu luc 1. Cic hing s6 vat 1i va mot s6 thira s& chuyén

Téc 46 4nh sdng trong chan khong c 299792458 m.s |

Hang s& Planck h 6,6260755.10 4 1.5
Hing s& Boltzmann k 1,380658.10 % 157!
S5 Avogadro N, 6,0221367.10% moi ™!
Hang s6 khi R 8,314510(70) J.mol ' K}
Thé tich mol khi li wong & diéu kién 1% 22,41410(1%) Lmol !
chudn (0°C. 1 arm)

Dién tich electron e 1,60217733(49).10 C
—- e 4,80286.10 Vcgse
Khéi luong finh ciia electron m, 9.1093897(54).10 kg
Kh6i lwong tinh cia proton my 1,6726231(10).10 2 kg
Ti 1& khdi lugng proton va electron my fm, 1836,152701

Kh6i luong mot don vi khéi lrong m 1,6605402.10% kg .
nguyén tir theo thang cacbon

Nhiét d9 ndng chay clia nuéc dd & latm 273,15K

Nhiét d6 diém ba cla nudc 273,16K

Nhiét d6 tuyet d6i T 273,15+ 1°

S6 Faraday F 96485,309 C.mol '

- F 23062 cal.dig 'V

- F 2,89261.10|4 cgsc‘dlg_l
Electron von eV 1,60217733(49).10" %7
Atmotphe tiéu chudn atm 1,01325Pa

Gia toc trong trudmg diém chudn &n 9,80665m.5 2
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Co s6 ns nhién

#= 3,141

39

e=271828...

e 120,367

lg. 10 = In 10 = 2,302585
log)ye = lge = 0,434
RInx = 4,5758 1g;ox cal.K ' .mol”!
298,15 Rlnx = 1364.3 Ig;ox cal.mol !
k/h =2,083.10'% 7 K

Ig (kik) =

10,3178

ekih = 5.662.10'"s k!

Phuy lyc 2. Tuong quan giira cic don vi ning legng

J ec calo nhiét hod cm’.atm  [Electron — von| Kilooat - h
1 1 1o’ 2,39006.10 " | 986923 | 6,24192.10" | 2.7778.1077
lec 107’ 1 2,39006.10" | 9,86923.10 | 6,24192.10"! 12,7778 x 10714
Ical (nh) 4,18400 4,18400.107 1 412929 | 2,61162.10" | 1,16222.10°¢
lem atm | 1,01325.107" | 1,01325.10% | 2.42173.1072 1 6,32463.10'7 | 2,81458.10°F
lev 1.60207x10""? [1,60207%107"7 3.82004.1072 |1.58112x10" " 1 4,45019x10725
[kW.h 3,6000.10° | 3.6000.10" | 8.60421.10° | 3.55292.107 | 2.24709.10%° 1
Tiép phu luc 2
ec.ptu | Imol ™! Kcal.mol ! ev cm !
fec.ptur | 1 6,024.10" | 14397.10° | 624810 | 5.036.10"
1J.mol ! 1.660.107"7 1 2,3%0.107 1,036.10° | 8,360.1072
Ikcal.mol ' | 6,946.107* | 4.184.10° 1 4,336,102 3.498.10?
leV 1,602.107'2 | 9,649.10* 23,060 1 8,065.10°
tem ! 1,986.10 !¢ 11,96 2,859.107° 1,240.10° 1

Phu lyc 3. Cac hé 56 trong phuong trinh Temkin - Schwartsman dé tinh AG?

T. (K) M, M 1077 M,.107° M_,10°
300 0,0000 0,0000 0,0000 0,0000
400 0,0392 0,0130 0,0043 0,0364
500 0,1133 0,0407 0,0149 0,0916
600 0,1962 0,0759 0,0303 0.1423
700 0,2794 0,1153 0,0498 0,1853
800 0.3597 0,1574 0,0733 02213
900 0,4361 0,2012 0,1004 0,2521
1000 0,5088 0,2463 0,1134 0,2783
1100 0.5765 0.2922 0,1652 0,2988
1200 0,6410 0,3389 0,2029 0,3176
1300 0,7019 0,3860 0,2440 0,3340
1400 0.7595 0,4336 0,2886 0,34835
1500 0.8141 0,4814 0.3362 0,3610
1600 0.8665 0,5296 0,3877 0,3723
1700 0.9162 0,5780 0,4424 0,3824
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Tiép phu luc 3

T, (K) M, M,.1073 M,.1075 M_y10°
1800 0,9635 0,6265 0,5005 0,3915
1900 1,0090 0,6752 0,5619 0,3998
2000 1,0525 0,7240 0,6265 0,4072
2100 1,0940 0,7730 0,6948 0,4140
2200 1,1340 0,8220 0,7662 ©0,4203
2300 1,1730 0,8711 0,8411 0,4260
2400 1,2100 -0,9203 09192 0,4314
2500 1,2460 0,9696 1,0008 0,4363
2600 11,2800 1,0189 1,0856 0,4408
2700 1,3140 1,0683 1,1738 0,44505
2800 1,3460 1,1177 1,2654 0,4490
2900 1,3775 1,1672 1,3603 04527
3000 1,4080 1,2166 1,4585 0.4562

Phy lyc 4. Bang 50 cac ham Einstein d6i v6i dao dong tir diéu hoa
(nang lugng biéu dién bing cal.mol )

- - = T _ T
0 - U-U, 1 - G-H, dr
X—?—E InQ C '-—T——TICdT S T = ITz ICdT
0 0 0
0 - 1,986 1,986 o o0
0,10 - 1,983 _ 1,888 6,560 4,67
0,15 - 1,981 1,841 5,730 3.89
0,20 - 1,979 1,761 5,190 3,39
0,25 - 1,976 1,747 4,740 2,99
0,30 - 1,974 1,702 4,390 2,68
035 - 1,967 1,659 4,080 242
0,40 - 1,960 1,615 3,820 2,20
0.45 - 1,952 1,572 3,600 2,02
0,50 - 1,945 1,531 3,380 1.85
0.55 0,8603 1,938 . 1,490 3,200 1,709
0,60 0.7959 1,928 1,449 3,031 1,581
0.65 0,7382 1,918 1,410 2,877 1,467
0,70 0,6863 1908 |- 1,371 2,736 1,364
0.75 0,6394 1,896 1,334 2,604 1,270
0,30 0,5966 1,884 1,297 2,482 1,185
0.85 0,5576 1,871 1,260 2,369 1,108
0.90 05218 1,858 1,224 2,262 1,037
0,95 0.4890 1,844 1,191 2,162 0,972
1,00 0.4587 1,829 1,156 2,068 0911
1,05 0.4307 1.814 1,123 1,979 0,856
110 0,4048 1,798 1,090 1,895 0,804
E15 0,3807 1,782 1,058 . LB8Is 0,756
1.20 0,3584 1,765 1,027 1,740 0,712
1,25 0,3376 1,747 0.997 1.668 0,671
1.30 03182 1,729 0,968 1,600 0,632
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Tiép phu luc 4

— = T - — T T
0 hy — - Uo 1 - G- Ho di’
.’(—F—E InQQ C ¥I S T T2 IC‘dT
0 0
1.35 0,3001 1,711 0,939 1,535 0,596
1.40 0,2832 1,692 0,911 1,437 0,563
1,45 02673 1,673 0,883 1,414 0,531
1,50 0,2525 1,659 0,856 1,358 0,502
1,55 0,2386 1,633 0,829 1,304 0,474
1.60 0.2255 1,612 0,804 1,252 0,448
1.65 0,2132 1,592 0,779 1,203 0,424
1,70 02047 1,570 0,755 1,156 0,40t
1,75 0,1909 1,549 0,731 1,111 0,379
1.80 0,1807 1,527 0,708 1,067 0,359
1.85 0,1711 1,505 0,686 1,026 0,340
1.90 0,1620 1,483 0,664 0,986 0,332
1.95 0,1535 1,461 0,633 0,948 0,305
2.00 0,1454 1,439 0,622 0,911 0,289
2.10 0.1306 1.393 0,582 0,842 0,259
2,20 0.1174 1,348 0,545 0,778 0,233
2,30 0. k056 1,302 0,510 0,719 0,210
2.40 0,0951 1,256 0,476 0,665 0,189
2.50 0.0857 1,210 0,444 0,614 0,170
2.60 0,0772 1,164 0,414 0,568 0,153
2,70 0,0696 1,119 0,386 0,505 0,138
2,80 0,0627 1,074 0,360 0,485 . 0,125
2,90 0,0566 1.030 0,336 0,448 0,112
3,00 0.0511 0,986 0,312 - 0,414 0,102
3,10 0,0461 0,943 0,291 0,382 0,092
3.20 0,0416 0,901 0,270 0,353 0,083
3,30 0,0376 0,860 0,251 0,326 0,075
3.40 0,0339 0,820 0,233 0,301 0,067
3.50 0.0307 0,781 0,217 0,277 , 0,061
3.60 0,0277 0.744 0,201 0,256 0,055
3,70 0,0250 0.707 0,187 0,236 0,050
3.80 0,0226 0,672 0,173 - 0,218 0,045
3.90 0,0200 0,637 0,160 0,201 0,041
4,00 0,0185 0,604 0,148 0,185 0,037
420 0,0151 0,542 0,127 0,157 0,030
4.40 0,0124 0,484 0,109 0,133 0,025
4.60 0,0101 0,431 0,0927 0,113 0,020
4.80 0,0083 0,383 0,0790 0,096 0,016
5,00 0,0068 0,339 0,0673 0,031 0,014
5,20 0.0055 0,300 0,0573 0,068 0,011
5.40 0,0045 0,262 0,0487 0,058 0,009
5.60 0,0037 0,232 0,0413 0,019 0,007
5.80 0,0030 0,204 0,0353 0,041 0,006
6.00 0,0025 0,178 0,0297 0,035 0,005
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Tiép phu luc 4

— = T _ = T T
8 hv — U-U, 1 - G-H, '(dT
x—-f-E InQ C T T Cdr s —r T_Z.[Cdr
0 0 ]
6,40 00,0016 0,136 0,0251 0,024 0,003
6.80 0,0011 0,103 0,0151 0,017 0,002
7.20 0,0007 0,077 0,0107 0,014 0,001
7,60 0,0005 0,057 0,0076 0,009 0,001
8,00 0,0003 | 0,0427 0,0053 0,006 0,001
8,40 0,0002 0,032 0,0038 0,004 0,000
8,80 0,0002 0,023 0,0030 0,003
9,20 0,0001 0,017 0,0018 0,002
9,60 0,0001 0,012 0,0013 0,001
10 0,009 0,0009 0,001
11 0,004 0,0004
12 0,0017 0,0001
13 0,0007
Phy lyc 5. Bang s cac ham Debye ddi véi nhiét dung chat riin
8p Cyv
T 00 | o1 0,2 0,3 0.4 0,5 0,6 0,7 0,8 0,9
0 5961 | 596 | 595 | 594 | 592 | 589 | 586 | 5382 | 578 | 574
1 5676 | 562 | 555 | 549 | 542 | 535 | 527 | 519 | 510 | 501
2 4919 | 483 | 474 | 4,65 | 4,55 | 444 | 434 | 424 | 4,14 | 4,04
3 3,945 3,84 3,74 3,65 3,55 3,15 3,36 3,27 3,18 3,09
4 2999 | 291 283 | 2,75 | 267 | 259 | 251 | 243 | 235 | 227
5 2200 | 2,13 | 205 | 200 { 194 | 18 | 1.82 | 1,76 | 1,70 | 1,64
6 1,583 | 1,53 | 148 | 143 | 138 | 134 | 1,30 | 126 | 022 | 1,18
7 1,138 | 1,103 | 1,068 | 1,034 | 1,001 | 0,969 | 0,938 | 0,908 | 0,880 | 0,854
8 0,831 | 0311 | 0,791 | 0,771 | 0,751 | 0,732 | 0713 | 0,694 | 0,675 | 0,656
9 0,637 | 0,618 | 0,599 | 0,580 | 0,561 | 0,542 | 0,524 | 0,506 | 0,487 | 0.469
10 0,451 | 0435 | 0421 | 0,409 | 0,398 | 0,388 { 0,378 | 0,368 | 0,359 | 0,351
11 0,343 | 0,335 | 0,327 | 0,319 | 0,311 | 0,303 | 0,295 | 0,287 | 0,280 | 0,273
12 0267 | 0261 | 0,255 | 0,249 | 0,243 | 0,237 | 0,231 | 0,225 | 0220 | 0,215
13 0,210 | 0,205 | 0,200 | 0,196 | 0,192 | 0,188 | 0,184 | 0,180 | 0,176 | 0,172
14 0,168 | 0,164 | 0,161 | 0,158 { 0,155 | 0,152 | 0,149 | 0,146 | 0,143 | 0,140
15 0,137 | 0,134 | 0,131 | 0,128 | 0,125 | 0,123 | 0,121 | 0,119 | 0,117 | 0,115
> T & [ & | & | % | a
16 0,113 21 0,0499 26 0,0262
17 0,094 22 0,0433 27 0,0234
18 0,079 23 0,0380 28 0,0211
19 0,067 24 0,0335 29 0,0189
20 0,058 25 0,0296 30 0,0172
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