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Tém tat: Bai bdo nay phat trién ham thé twong tac phan tir ab initio 5 vi tri ctia hé CO-CO ti
cac tinh toan hoda hoc luong tit & mtec li thuyét CCSD(T) cung cac bd ham tuwong quan aug-
cc-pVQZ. Ham thé€ cdp ab initio 5 vi tri dugce phat trién ¢ ddy dua trén co s¢ ham thé cta
ham Morse. Cac hé s6 ctia ham thé cap ab initio cia hé¢ CO-CO dugc xac dinh béng cach két
hop giai thuét tién héa vi phan va thuét toan Levenberg—Marquardt. Ham thé cap ab initio 5
vi tri phét trién ¢ day duoc st dung d€ xac dinh hé s virial bac hai ctia hé CO-CO dwgc xac
dinh béng phuong phap tich phén 4 chiéu. Cac hé s8 virial cia hé CO-CO duoc tinh toédn tie
ham thé& ab initio 5 vi tri phut hop tot véi thwe nghiém. Ngoai ra cic tinh toan ab initio
CCSD(T)/aug-cc-pVQZ ciing duwgc két hop véi phuong phap tinh toan COSMO d€ tinh bé
mat dién tich bao quanh phén ti d€ tir d6 x4c dinh tinh chét héa ly nhw 4p sudt hoi va ap
sudt hoi téi han ctia hé chat 1ong CO. Két qua nhan dwoc cho thiy su khac biét gitta cac tinh
toan tir ly thuyét & céng trinh nay so véi thuc nghiém la khéng ¢ y nghia

Tt khoa: Thé'5 vi tri ab initio; hé s6 virial bac hai; ndng luong twong tac ab initio ; ap sudt hoi
1  Gidi thiéu

Hién nay ky thuat m6 phong may tinh da tré thanh cdng cu quan trong dé€ nghién ctu
nhitng chat 1éng va hon hop chét long [1,2]. K§ thuat mo phong cé thé tinh todn duoc cac tinh
chat ciu trac cta chat 1ong, ciing nhu sw van chuyén trong hé ma khong can phai sit dung cac
phuong trinh tich phan, ly thuyét nhiéu loan nhiét dong thdng ké. Thong thuong st dung mot
ham thé don gian, nhu ham thé cdp Lennard-Jones dugc khép cac tham s6 cho di liéu thuc
nghiém, va sau d6 st dung ham thé dé thuc hién moé phong. Nhu vay, md phong ciing can ¢
thong tin dau vao thuc nghiém, nhung diéu nay d6i khi khéng dé dang, néu dit liéu thuc
nghiém khan hiém. Gan day, mot phuong phédp thay thé da tro thanh kha thi la moé phong toan
cuc da duoc dua ra [3]. N6 bao gom viéc tinh toan ham thé twong tac phan tir bang phuong

phap co hoc luong tr ab initio, tiép theo la md phong may tinh va cudi cing tinh todn bang
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phuong trinh trang théi. Két qua mé phong nhan dugc sé la cac tinh chat khong thé nhan duoc

bang con duong thuc nghiém.

Mot trong nhiing ¢ géng dau tién dat duwoc do chinh xac gan thuwe nghiém la ctia Deiters,
Hloucha va Leonhard [4,6] d6i véi khi neon. Su tién xa hon trong nd lwc md phong toan cuc cac
chat khi cling duoc cong bd boi nhém Sandler [6,7], mot dang ham thé khuéch tan ctia argon va
krypton do Sandler [8] dwoc dé xuét; Nasrabad va Deiters du doan pha can bang pha léng hoi &
&p suat cao ctia hon hop khi hiém [4]. Cac ham thé cdp ctia hon hop khéc d6i véi khi hiém duoc
dua ra boi Lopez Cacheiro [5], nhung chuira dugc st dung d€ du doén can bang pha.

Su phat trién cac ham thé cap ab initio cho cac phan tir sé la cong viéc khé khan, do céac
goc tu do quay cua phéan ti ludn thay d6i. Nhung d6i véi phan tie don gian cing da dugc xay
dung. Leonhard va Deiters da xay dung ham thé Morse 5 vi tri ab initio ddc trung cho thé cdp
ctia N2[13] ¢6 thé du doan &p suét hoi va ty trong; Tat va Deiters ciing da xay dung cac ham thé
ab initio 5 vi tri st dung tinh todn hé sd virial cho Hz [14,]. Bock da xay dung duoc ham thé cdp
ab initio &€ tinh hé s8 virial cho khi CO2 [15]; Naicker da st dung ly thuyét nhiéu loan d8i xting
(SAPT) d€ phat trién mot thé cdp 3 vi tri cho hidro clorua [7], dya trén ham thé Korona va ham
thé Morse d€ du doan can béng pha léng hoi ctia hidro clorua bang cic md phong Monte Carlo
toan cuc (GEMC) [1,4,6,7]). Viéc md phong cling sé kho khan néu luc day o cac vung hep khong
dugc xtt Iy dung dan tro thanh chim wu thé trong cdu tric cta chat long [11,12,13].

Trong bai bao nay, chtiing tdi thuc hién cac tinh todn luong tir & mtic cao xap xi gan dung
CCSD(T)/aug-cc-pVQZ dé nhan duoc nang luong twong tac cdp ctia hé CO-CO. Ham thé cap ab
initio dwgc khép cho di liéu nang luong twong tac ab initio. Ham thé ab initio voi cac tham so toi
uu duoc kiém tra bfing cach tinh todn cdc hé s virial bac hai cia CO-CO. Do d&c tinh khi CO
khong phai la phan t luong ti nén anh hwong luong tir khong dang k€, nén cong trinh nay
khong thuc hién hiéu chinh luong tir. Ky thuat mo phong can bang long hoi cta chat long CO
bang ham th& ab initio s& cho phép mo ta duwoc cau tric ctia hé chat 1ong CO, nhung sé mat
nhiéu thoi gian. Vi vdy chiang t6i chon viéc st dung két qua tinh todn luong ti & mikc
CCSD(T)/aug-cc-pVQZ dé€ tinh céc tinh chat ap suat hoi cua hé chat l1ong CO dwa vao tinh chéat
dién tich bao quanh phan tt bang phuong phap COSMO. Cac két qua tinh toén ctia cong trinh
nay duwoc so sanh vdéi thie nghiém va cdc cong trinh khac.

2 Qua trinh tinh toan

2.1  Xay dgng cau hinh CO-CO

Cac phan tir CO twong tac véi nhau cé thé duoc biéu dién bang mé hinh tuong tac cdp 5
vi tri, véi hai vi tri dat trén cac nguyén te C va O, moét vi tri ¢ trong tam (M) phan ti, va hai vi

tri ndm gitra cic nguyén tir va trung tam (N, A).
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Hinh 1. M6 hinh cdu hinh 5 vi tri va cac hudng twong tac dic biét trong khong gian

Khoang cach gitta cac nguyén tix C va O duoc stv dung 1a 1,1282A [25]. Khi CO la phén tt
thdng thi ham thé cip twong tac phan tir la mot ham cta khoang céch r (khoang cach giita cac
tam M) va ba toa d6 géc «, B va ¢, duwoc mo ta trong Hinh 1. Nang luong cac cau hinh dwgc tinh
tir cac khoang cach ctia 7 tir 3,0 A dén 15 A véi mue ting 12 0,2 A; cac gbc a, f va ¢ dao dong tir 0
dén 180° véi mike tang 45°.

2.2 Tinh toan héa hoc lwgng t

Luc khuéch tan trong hé duoc gay ra boi cac tuong tac twong quan dién tir va cac hiéu
ung nay khong bao gom trong cac tinh toan cua SCF. Phwong phap tinh toan tuong tac cdu
hinh ctia cac twong quan dién tix doi hoi tai nguyén tinh todn rat 16n va diéu d6 khong thé thuec
hién trén thuc t&€. Mot s6 phuong phap post-SCF khac ¢6 thé nhan duwgc mot phan hiéu tng
tuong quan dién tit, nhe pheong phap CC (coupled-cluster). Phiwong phap CCSD(T) duwoc dwa
ra dé giai thich hiéu tng twong quan dién tir ¢ y nghia nhat [17,19]. Do tinh chat khuéch tén,
mot ving rong ctia luc khuéch tan can phai ap dung cac bo ham co so thich hop. O day ching
toi st dung bo ham co sé twong quan ctia Dunning [16] aug-cc-pVQZ cho hé CO-CO véi cac
orbitan duoc sdp x&p tuong tng 13s,7p,4d,3f,2g/6s,5p,4d,3f,2g. Cac nang luong tuong tac ab
initio dwoc hiéu chinh bang phuong phap sai s6 siéu vi tri ctia bd ham co s6 (BSSE) véi phuong

phap hiéu chinh d6i xting dwoc dé xuat boi Boys va Bernardi [14,17]:
AEine=Eas - (Ear + EaB) 1)

trong d6, Eas biéu thi cho ndng luong electron tong cong ctia dime AB, Ea» ndng luong cua
dime bao gom 1 nguyén tir thuc A va 1 nguyén tix ao B (1 nguyén tit khong c6 hat nhan va cac

dién t& nhung c6 cac orbitan), va Eas tiong tie nguoc lai.
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2.3  Cac ham thé cap

D¢ tinh todn cac hé s6 virial va thuc hién nhiém vu md phong, thi day la muc tiéu quan
trong md ta ham thé twong tac cdp ab initio. Cac phan tt CO ¢ day khong phai dang cau. Viéc
xay dung mot ham thé chinh xac khong qua ton kém khi tinh todn, vi viéc tinh toan khong phai
la mot cong viéc don gian. M6 hinh bat déng hudéng phan tir mo ta bang cac ham diéu hoa c6
thé thuc hién dwoc, nhu cic thé bat déng hudng diéu hoa da duwa ra [9,10,11]. Ngoai ra, mdt
ham thé twong tac da tdm da duoc dé nghi trong cong trinh [13] cho N2 va cacbon monoxit
[14,15]. Cac ham th& 5 vi tri cho thdy da dai dién du cac tuong tac. Vé nguyén tic, moét md hinh
5 vi tri twong tac cdp dan dén mot ham thé cip bao gom 25 tuong tac gitra vi tri-vi tri, nhung &
day do tinh d6i xtng phan ttr nén chi ¢ 14 twong tac vi tri-vi tri khac nhau duoc sit dung khép
cho hé CO-CO [9,10].

D¢ xay dung ham thé cap ab initio moi, ching toi phat trién cac ham thé ab initio twong
tac 5 vi tri khac nhau cho CO-CO dua trén ham thé da duoc thuc hién trong cong trinh cua
Leonhard cho khi N2 [13] va Tat cho khi H2[14], cling 1a [an dau Bock [15] dwa ra cho CO2 va
Naicker [7] dua ra cho HCIL. Ham thé thit nhat dwoc st dung cho hé CO-CO:

wrapd) = X3 Dl 1 ) XS4 ) S )

i=1 i n=6,810 Tjj 4 orij

—2(8i;

véi, fi(5) = @+e” ) va f,() =1

trong d9, rijla khoang cach twong tac vi tri-vi tri; 4, b la cac tham s6 mi; gi dién tich di€ém, va Cijn
la hé s6 khuéch tan. Trong ca hai mo6 hinh nay céac vi tri b6 tro N va A (& Hinh. 1), dwoc dit trén
ntta phan t gitta cac diém bén ngoai nguyén tee C, O va trung tam (M), mang dién tich +¢, va vi
tri trung tdm M mang dién tich —24. Nhitng vi tri C va O bén ngoai khong mang dién. Phuong

trinh 2 st dung cac ham damping ctia Tang va Toennies [19].

2.4  Phuwong trinh trang thai Peng-Robinson

Peng—Robinson da xay dung mdt phuong trinh trang thai [27,28] vao nam 1976 d€ giai
quyét cdc muc tiéu nhu: cac tham s6 can thé hién rd rang vé cac tinh chat quan trong va yéu to
acentric. Cdc m6 hinh can cung cdp d¢ chinh xac hop ly gan diém t6i han, ddc biét la d€ tinh
toan hé s8 nén va mat do chat long. Cac quy tac tron khdng nén stt dung nhiéu hon mot tham
sO twong tac nhi phan don, ma nén doc lap véi nhiét d9, ap sudt va thanh phan. Phuong trinh
phai duoc ap dung cho tét ca cac tinh toan cua tat ca cac tinh chat cua chat 16ng trong qua trinh
ti nhién. Phirong trinh Peng—Robinson (PR-EOS) dwoc dwa ra dudi dang:

RT aa

= —_ 3
PV —b V220V b2 ©)
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trong d¢,

212
a~0,45724 RT,
P

RT,

b ~0,07780

o = (14 x(1-T2))

k ~0,37464 +1,542260 -0, 269920°

Céc tham s trong phuwong trinh EOS d6i v6i thanh phan tinh khiét

3 K&t qua va thio luan

3.1 Bémit thé ning

Trong cong trinh nay bé mit thé nang ab initio cia hé CO-CO duoc tinh bang phuong
phap CCSD(T) véi bd ham aug-cc-pVQZ. Két qua nay nhan duoc tir phwong phap nay duoc st
dung dé€ xay dung ham thé tir cdc cdu hinh khac nhau. Cac vi tri va d sau cua ham thé cho bén
cau hinh dac biét khac nhau dua ra trong Hinh 2. Trong truong hop st dung phuong phap tinh
CCSD(T) bang bo ham co sé aug-cc-pVQZ mang lai mitc dd chinh xac dang k& dén nang luong
tuong tac ab initio dugc tinh toan. Piéu nay ciing chitng minh rang khi cac phan ti khong bi
bién dang dang ké ti€p xuc voi nhau, hodc ¢6 thé tao ra cac dao dong khong mong mudn véi
cac va cham t6c d¢ thap. Co thé thdy mirc do chinh xac cua cac phuong phap CCSD(T)/aug-cc-
pVQZ khi so sanh véi phirong phap khac va dit liéu thye nghiém, nhw ¢ Bang 1.

Tt Bang 1, khi so sanh d¢ dai lién két caa CO trong hé CO-CO cho thdy sai s6 tuwong doi
ARE,% nhan dugc tlr tinh toan ly thuyét so véi thue nghiém, thi st dung by ham aug-cc-pVQZ
cho sai s6 nho nhat. Viéc chon phuong phép nay dé€ xay dung bé mat thé nang la hop ly. Ngoai
ra day cting la lwa chon theo kinh nghiém ctia chung t6i [16,17,19]. Tat ca cac phép tinh hoa hoc

lwong t& dwoc thuc hién véi chirong trinh Gaussian09™ [18].

Bang 1. D9 dai lién k& CO tinh todn bang phuong phap CCSD(T) v6i cac bo ham khéc nhau

STT  Phuong phap Lién két CO ARE% Tham khao
1 aug-cc-pVDZ 1.1474 A 1.7199 Cong trinh nay
2 aug-cc-pVTZ 1.1360 A 0.7092 Cong trinh nay
3  aug-cc-pVQZ 1.1318 A 0.3369  Cong trinh nay
4 Thwcnghiém 1.1282 A [25,26]
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Hinh 2. Bé mét thé€ ndng: a) 4 cdu hinh L, H, T, X ctia dime CO-CO trong Hinh 1; b) 15 c&u hinh khac nhau
& cac khoang cach tong tac tir 3,0 A dén 8,0 A trong khong gian

Bé mat thé ctia hé CO-CO ¢ tat ca cac khoang cach twong tac va o tdt ca cac hudng trong
khong gian duwgc tinh bang phuong phap CCSD(T) véi bo ham co sé aug-cc-pVQZ dwoc bidu
dién ¢ Hinh 2.

3.2  Phat trién ham thé ab initio

Céc tham s6 t8i wu cd thé hiéu chinh cua 15 twong tac cap khac nhau ctia phuong trinh
thé 2 duoc danh gia bang ki thuat khép binh phuong cuc tidu phi tuyén cac gid tri nang luong
twong tac phan tw ab initio tuong ting 780 di€ém cua 15 cau hinh. Khép dit liéu cho phuwong trinh
thé 2 nay la cong viéc khong don gian, vi dit liéu c6 qud nhiéu cuec tri dia phuong, vi vay khi
khép cupec tri toan cuc dwoc dinh vi bf?mg mot thuat toan tién hdéa vi phan dua trén co so giai
thuat di truyén, va sau d6 la cc tham s& duoc t8i wu hoa tiép bang thuat toan Levenberg- Mar-

quardt [20]. Céc tham s8 ctia phrong trinh 2 da dugc xac dinh chinh xac dan ra ¢ Bang 2.

Bang 2. Céac tham s6 t6i wu ctia ham thé 5 vi tri ab initio (phuwong trinh 2) twong ting cho cac twong tac;
chon & = 2.0A1 duoc gia dinh; Ex ndng lwong c¢6 don vi Hartree.

(Cio/ En)
Tuong tac De/Ex af At Bl A1 (Co/ En) As (Cs/ En) As Aw
0-0 1,023x101 1,832 10,523 4,785x1(2 -2,591x10%  4,945x103
O-A 2,680x109 1,473 -2,100 6,559x101 -2,799x102  9,257x102
O-M -8,881x10-1 1,497 5,168 -1,609x102 1,497x103 -4,236x10°
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O-N

A-A

A-M

A-N

A-C

N-N

N-C

C-C

-2,131x101
1,251x10!
-3,407x100
-3,103x101
2,458x104
3,503x10°
3,660x101
-1,214x10°
1,635x103
-1,877x101
-2,468x10!

7,176x10°

2,533
1,670
1,709
1,381
5,415
2,591
1,901
3,850
3,391
1,917
1,772

2,067

0,403
1,675
2,697
0,953
0,210
0,485
2,906
1,335
1,618
0,308
3,222

2,088

8,781x102
-3,830x102
6,326x102
-2,332x107?
-1,227x103
8,651x102
-2,142x10°
3,851x10?
4,852x102
3,153x103
-2,679x101

-1,447x10°

-2,752x103
4,268x103
7,776x103

-2,804x102
6,422x103

-1,369x104
6,111x10°
2,335x103

-4,577x103

-1,606x104

-6,220x10?

1,564x10%

1,201x103
-1,087x10*
-3,481x104
3,090x103
-1,170x10*
4,118%104
-1,087x10°
-1,118x104
1,154x104
2,806x10*
1,312x103

-4,352x10°

Cac hé s0 twong quan (R?) dugc khdp véi ham thé trong phuong trinh 2 dwoc minh hoa

trong Hinh 3a va 3b. Su khac biét gitta cac gia tri nang lwong khop va gia tri nang luong tuong

tac ab initio 1a khong dang ké d6i voi 780 diém nang luong.
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R?=0,99848
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Mét d6 dién tich bé mit, o,, (e/A?)

Hinh 3. Tuwong quan gitta nang lwong khép va nang luong tuong tac ab initio: Phuong trinh 2;
b) Tuong quan trén bé mat dién tich om. Ky hiéu: o: nang luong ab initio: —: nédng luwong ab initio khép
theo phuong trinh thé 2
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3.3  Heé s virial bac hai

Heé s0 virial B2(T) ctia hé CO-CO biéu thi ddc trung cho cac ham thé tuong tac phan ti gitta
cac hat hoac phan tt va ndi chung B2(T) phu thudc vao nhiét d6 va su twong tac cap gitta cac
hat. Chinh vi ly do d6, cac hé s6 Bz(T) c6 y nghia quan trong trong viéc xay dung cac ham thé
cép tuong tac phan tir. Cac hé s& Bx(T) lién hé chit ché véi cac thé twong tac phan tit bang ly
thuyét nhiét dong thong ké [21]. Mat khéc, cac hé so virial bac hai B2(T) da duoc xac dinh béng
thuc nghiém cho nhiéu loai khi [21,25]. Do d6 du doan cac hé sd virial bac hai Bz(T) tir ham thé
ab initio 1a can thiét d€ khao sat chat ché vé tinh chinh xac ctia cac ham thé. C6 thé khong dua ra
duoc két qua kha quan vi ham thé da tdm khong thé giai thich hét dugc. Hé s6 virial duoc tinh
toan theo phuong trinh sau:

BZU):—%T do fsinp’dﬁfsinada T [exp [—I(“TJ —1] r2dr )

Céc hé s6 virial ¢6 dién Bz(T) cua hé¢ CO-CO nhan duoc tir phuong trinh 4, khi st dung
cac ham thé cdp ab initio 5 vi tri la phuong trinh 2 dwgc mé ta trong Bang 3 va Hinh 4 tuong
ung.

Trong truong hop cua hé CO-CO, day la phan t& nang va duoc tinh ¢ muc ly thuyét
CCSD(T)/aug-cc-pVQZ tuong d6i chinh xdc va phu hop véi theee nghiém. Vi vay khong can
thiét thuc hién cac tinh toan hiéu chinh luwong tx. Vung nhiét d6 duoc st dung dé€ danh gia cac
hé s6 virial la vung do thuwc nghiém [21,]; diéu nay da chiing minh kha nidng tng dung tot cua

phuong trinh thé 2 twong tac ab initio 5 vi tri.

Heé s6 virial bac hai B2(T) nhan duoc tir phwong trinh thé ab initio 2 phat trién cho hé khi
CO & muc ly thuyét CCSD(T)/aug-cc-pVQZ phu hop t6t voi dix liéu thuc nghiém va cac cong
trinh xuat ban [21]. Céc gia tri virial ciing cho thdy rang phuwong trinh thé ab initio 2 dap tmg t&t
v6i phuong trinh trang thai PR-EOS, mdc du cac ham thé nay chua duoc hiéu chinh luong t
bac nhét. Tinh toan B(T) theo phuong trinh 4, cic tich phan nay déu duoc giai bang phuong
phap tich phan cau bon chiéu Gauss-Legendre [20]. Nhiing sy khac biét 1a khong dang ké.
Quan trong hon la du doan chinh xac vé cac hé so virial bac hai Bx(T) tir mét phuong trinh thé
twong tac cap ab initio ma khong can dén dit liéu thuc nghiém. Nhu vay co thé tao ra cac hé s6
virial Bo(T) rat gan trong cac dir liéu thire nghiém.

Bang 3. Hé s6 virial ¢6 dién Bz(T) cia hé CO-CO thu dwoc tir phuweong trinh 2 dwgce xay dung tit tinh todn &
mtec ly thuyét CCSD(T)/aug-cc-pVQZ

T/K PR-EOS [27,28] CCSD(T)/aug-cc-pVQZ Exp. [21]
200 -37,803 -43.652 -42,0
220 -27,675 -34.912 -32,3
240 -19,560 -27.339 24,3
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T/K PR-EOS [27,28] CCSD(T)/aug-cc-pVQZ Exp. [21]
260 -12,915 -20.777 -17,5
280 -7,377 -15.092 -12,0
300 -2,691 -10.165 7,2
400 12,907 6.191 9,6
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Hinh 4. Hé s6 virial ¢8 dién B2(T) cua hé CO-CO thu duogc tir phuong trinh thé cdp ab initio 5 vi tri tinh

toan & muc ly thuyét CCSD(T)/aug-cc-pVQZ: Ky hiéu: o: dit liéu thuc nghiém [21,22]; ®: phuwong trinh
trang thai PR-EOS [27,28]; o: Hartree-Fock [24];,—: CCSD(T)/aug-cc-pVQZ tinh toan tit cong trinh nay.

34  Tinh toan can bang l6ng hoi

Trudc khi xac dinh can béng long hoi cua hé CO, cac tinh toan luwong tir dwoc thuc hién
duea trén hé chat da duoc t8i wu héa bang phiong phap co hoc lwong tir CCSD(T)/aug-ccpVQZ

Cac gia tri mat d6 dién tich trung binh bao quanh phan t& dwoc dac trung boi gia tri om
nhan dugc tir két qua tinh toan COSMO [30,32] béng Gaussian09[18].

2.2 2
. r°r d
Zo-n 7 o eXpl =
n rn +rav rn +rav
O =

m r2r2 dz (5)
Z 2n av eXpE_ mn j

2 2 2
n rn + I’av rn +rav

O day r« 1a ban kinh thuc cua bé mat dién tich trung binh. Véi O': mat dd dién tich bé
mat phan doan trén n doan tir két qua COSMO. Bé mét dién tich bao quanh phéan ti CO duoc
mo ta trén Hinh 5a. Cac két qua tinh toan bé mdt dién tich em cling duoc st dung dé so sanh
danh gia sw phti hop gitta két qua tinh toan nang lugng tuong tac ab initio bang CCSD(T)/aug-
cc-pVQZ véi nang lwong ab initio duge khép boi phuong trinh thé 2, nhu duge dan ra 6 Hinh
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3a. Cac tinh chét hoa ly phu thudc nhiéu vao sy twong tac gitra cac phan ti CO. Tinh chat ap
sudt hoi quan trong cua hé da duoc xac dinh nhu dua ra trong Bang 4.

Bang 4. Hé s6 virial ¢6 dién Bz(T) cia hé CO-CO thu dugc tir phuwong trinh 2 duge xay dung tit tinh todn &
mtc ly thuyét CCSD(T)/aug-cc-pVQZ.

T/K PR-EOS [27,28] CCSD(T)/aug-cc-pVQZ Exp. [23]
70 0,253 0,491 0,210
80 0,853 1,506 0,837
90 2,206 3,142 2,390
100 5,926 5,779 5,450
110 10,771 10,030 10,670
120 17,972 16,881 18,770
130 32,339 27,924 30,640

Tinh chét nay ap suat hoi c6 thé duoc st dung dé€ xac dinh ap xudt hoi t6i han Pc cta hé
tai nhiét d t6i han Tc ctia hé dwa vao phuong trinh Antoine (6). D€ xac dinh 4p xuét hoi t6i han
theo phuong trinh Antoine, cac tham s8 ctia phuong trinh Antoine [33] duoc xac dinh bang
cach khép dix liéu ap xudt hoi nhan duoc tir tinh toan COSMO trong Bang 4. Cac hé sd phuong
trinh Antoine (6) dwéi day la A =9,1597; B = 882,2278; C =19,8016.

B
T+C

InP=A-

(6)

O day A, B, va C 1a cac hé s8 Antoine. P 1a 4p suat hoi va T 1a nhiét d6. Puong cong ap
suat hoi ciia hé CO-CO dwoc dwa ra & Hinh 5b.

14

40 -
12 4
[ ]
1 30 o
104
o
1 —
iﬂ{ ]
< 87 L 204
/6\ h Q?
S
104
4
2 0
0 T T T T T T 1
-0.010 -0.005 0.000 0.005 0.010 60 80 100 120 140
Mat d dién tich bé mit, o,, (e/A2) T/K
a) b)

Hinh. 5. a) Bé mit dién tich va b) Ap sudt hoi ctia hé CO-CO xac dinh tir két qua tinh COSMO Ky hiéu: Ky
hiéu: Y: dit liéu thieee nghiém [23]; o: phuong trinh trang thai PR-EOS [27,28]; — CCSD(T)/aug-cc-pVQZ
tinh toan tit cong trinh nay.
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Nhiét do t6i han cua hé CO la Tc = 132,91 K [23], ap suét hoi t6i han Pc = 34,990 bar [23],
tte phwong trinh Antoine véi cac hé s6 da xac dinh ¢ trén thi 4p sudt hoi t6i han ctia hé dugc xac
dinh Pc = 33,8262; sai s6 twong d6i ARE,% = 3,3261%. Nhu vay két qua tinh toan ap suét hoi téi
han ctia hé CO cho két qua nam trong vling sai s6 ctia thuc nghiém va c6 thé chap nhan dugc
cac hé sd cua phuong trinh Antoine cho viéc xac dinh cac ap sudt hoi ctia hé ¢ cac nhiét do

tuong tng. Day ciing la thanh cong ctia cong trinh nay.

4 Kétluan

Chuing ti két luan rang phuong trinh thé tuong tac cdp ab initio 5 vi tri da duoc phét
trién thanh cong ttr cac tinh toan ab initio & mic dd cao CCSD(T)/aug-cc-pVQZ cho hé CO-CO 1a
dang tin cdy. Cac hé sd virial bac hai B2(T) cia hé CO-CO duoc tinh toan tir phuong trinh thé ab
initio 5 vi tri nay phu hop tdt véi thue nghiém. Twr c4c tinh toan lwgng tie ab initio CCSD(T)/aug-
cc-pVZ cling dugc st dung dé€ tinh mat d¢ dién tich bao quanh phan tir CO d€ cé thé xac dinh
ap sudt hoi cta hé cho két qua khac biét so véi thuc nghiém la khong dang ké. Nhu vay cong
trinh nay da st dung thanh cong cac tinh toan hoéa hoc luong tir ab initio d€ xay dung céc
phuong trinh thé ab initio mang lai hiéu qua va hitu ich cho viéc tinh toan cac tinh chat nhiét

dong hoc.
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CALCULATION OF VIRIAL COEFFICIENTS AND VAPOR

PRESSURE OF SYSTEM CO-CO USING AB INITIO QUANTUM

CALCULATION

Abstract. The 5-site ab initio intermolecular potential of the CO-CO system was developed
from quantum chemical calculations at the theoretical CCSD (T) level with the correlation
basis set aug-cc-pVQZ. The 5-site ab initio pair potential developed here is based on the
Morse potential. The optimum coefficients of the ab initio pair potential of the CO-CO sys-
tem are determined by combining the differential evolution algorithm and the Levenberg-
Marquardt algorithm. The 5-site intermolecular potential ab initio is used to determine the
second virial coefficients of the CO-CO system by the four-dimensional integration method.
The calculated second virial coefficients of the CO-CO system fit well with the experimental
data. In addition, ab initio calculation CCSD(T) / aug-cc-pVQZ is also combined with the
COSMO method to calculate the screening charge density of the molecule CO to determine
the physicochemical properties such as vapor pressure and the critical pressure of the liquid
CO. The results obtained show that the difference between the theoretical calculations in this
work versus the experiment is insignificant.

Keywords: ab initio 5-site potentials; virial coefficients B2(T); ab initio energy; vapor pressure
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