Tap chi KHOA HOC DHSP TP. HCM Pham Van Tat

‘MO PHONG MONTE CARLO CAN BANG LONG HOI
CUA FLO SU DUNG CAC THE TUONG TAC PHAN TU
AB INITIO MOI

Pham Vin Tat"

1. Giéi thiéu

M6 phong may tinh trd thanh cong cu bat budc can thiét cho nghién ciu
chét long va hdn hop chat 1ong [1]. Mot trong cac ¢d ging dau tién ciia Nasrabad
va Deiters dy doan can bang pha 16ng hoi 4p suat cao ctia hdn hop khi hiém [2,3]
tir cac mo phong todn cuc sir dung thé tuong tac phan tir. Leonhard va Deiters d4
str dung thé Morse 5 vi tri dé mé ta thé cdp cia nito [4] va d& du doan ap suat hoi
va ty trong cAn bang pha bang mé phong Monte Carlo toan cuc[5].

Trong cong trinh nay ching toi dua ra cac két qua mo phong can bang long
hoi cua flo 16ng bang k¥ thuat mé phong Monte Carlo toan cuc sir dung thé cap
tuong tac phan tir 5 vi tri maéi ab initio d& dugc chung t6i dua ra tir cac tinh toan
co hoc lugng tir d6i voi dime Fp-F,. Cac két qua md phong bao gom ty trong, ap
suét hoi va entanpi hoa hoi da dugc so sanh védi cac sb liéu thuc nghiém va véi
nhitng s liéu lay tir cac tai liéu.

2.  Phwong phap tinh toan
2.1. Phwong phap mé phéng

M6 phong GEMC-NPT duoc sir dung dé kiém tra sy chinh xé4c cia cac thé
cap. Mo phong nay dugc khao sat ¢ diéu kién dang ap 1,0 MPa va 10,0 MPa
trong khoang nhiét do tir 90,0 K dén 270,0 K. M6 phong GEMC-NVT dugc tién
hanh dé nhan dugc ty trong hoi va long, 4p suat hoi trong khoang 60,0 K dén
140,0 K véi thay dbi 10,0 K.

Céc thé cap 5 vi trf méi caa flo dime duge dung cho ca hai trudng hop md
phong:
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Tong s6 hat N = 512 duoc ding trong ca hai trudng hop méd phong GEMC
V6i cac diéu kién bién chuan. Déi véi viée chay md phong GEMC-NVT, can
bing giita hai pha dugc thiét 1ap can 10° dén 2.10° vong lap. Tét ca cac chuyén
dong duoc tién hanh mot cach ngiu nhién voi xac suat xac dinh. S6 liéu mo
phong duge dua ra mdi lan tmg véi 1000 vong lap. M6 phong dugc bat dau voi
ty trong bang nhau giita hai pha. Hé mod phong dugc cin bang véi khoang 10°
vong lap. Béan kinh gidi han duoc sir dung 12 8,5 A dbi v flo.

2.2. Tinh chit cin bang pha

Céc tinh chat toi han: nhiét 4o TJ/K, ty trong p. / g.cm™ va thé tich V/ cm?.
mol™ caa flo 1ong tinh khiét dwoc rit ra tir phwong phéap binh phuong i thiéu
dwa vao ty trong can bang pha sir dung cac phuong trinh quan hé:

PP = p + AT -T)

pr—p, =BT -T,)"
& day p va py la ty trong 1ong va ty trong hoi, S 14 hé sé mii t6i han (8 = 0,325).
A va B la c4c hang s6 hiéu chinh. Ap suét t6i han P/ MPa dugc tinh bang
phuong trinh Antoine. Ap suat hoi va nhiét hoa hoi AyH dugc tinh bang phuong
trinh Clausius-Clapeyron.

(3)

3. K&ét qua thio luin
3.1. Tinh chat cAu tric
Ham phan bé cap vi tri tuong tac rit ra tir hai k§ thuat moé phong GEMC-
NVT va —NPT dbi véi flo long tinh khiét duwoc mé ta & Hinh 1 va Hinh 2. Céc thé
cap ab initio Eq. 1 va Eq. 2 cua flo dugc st dung trong hai ky thuat moé phong
tuong tng.
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9en

Hinh 1: Sw phu thudc nhiét d cia g & P =1,0 MPa; a) mé6 phéng GEMC-NPT

va b) mé phéng GEMC-NVT, trong ca hai truong hgp mé phong sir dung Eq.1
Tat ca cac dinh dau tién trong Hinh 1. cia ham twong quan vi tri dugc nam

trong khoang 3,98 A va 4,88 A. Céc dinh thtr hai nam giira 5,256 A va 5,717 A.

3.2. Tinh chit cin bang pha
Céc két qua md phong dua ra & Bang 1 va Bang 2. Puong cong can bang
long hoi cua flo 1ong duge md ta & Hinh 2. Céc s6 liéu thuc nghiém [8,9], cac gia
tri tinh toan tir hAm trang thai Deiters [7] ciling nhu tinh toan tir thé Lennard-
Jones [6] duoc dua ra trén do thi cAn bang pha.
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Hinh 2. Gian do cAn bang pha; véi: —: s0 liéu thue nghiém/[ﬂgbm’? the Lennard-
Jones; --: phwong trinh trang thai Deiters D1-EOS [7]; o, *: the cap Eq. 1 va Eq. 2.
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Hinh 3. a) Ap suit hoi, b) entanpi hoéa hoi; xem giai thich & Hinh 2.
Céc ap suat hoi khéac biét so véi thuc nghiém trong khoang 1,4% va 5,8%.
Nhiing khac biét ndy nam trong khoang khong chic chan cia cac ngudn dir lidu
thue nghiém [8,9].
Bang 1. Cac tinh chit t6i han nhin dwoc tir mé phéng GEMC-NVT sir dung
cac thé cap Eq. 1 va Eq. 2; D1-EOS: phwong trinh Deiters; LJ: thé Lennard-
Jones; Exp.: gié tri thwc nghiém

Phwong phap | T/K | p/g.cm® | P./MPa | V./ cm®mol™ Tai liéu.
Eq. 1 146,41 0,592 4,911 64,207 Cong trinh nay
Eq.2 147,65 0,565 5,380 67,298 Cong trinh nay
LJ 143,63 0,567 5,039 66,996 [6]
D1-EOS 144,16 0,568 5,050 66,954 [7]

EXp. 144,30 0,574 5,215 66,200 [8]

EXp. 144,12 0,571 5,172 66,545 [9]

Céc tinh chét téi han cua flo 16ng tinh khiét nhan dugc tir ty trong cén bang
pha long hoi bang phuong phap binh phuong tbi thiéu dwa vao cdc mbi quan hé
(3), dua ra trong Bang 2. Ap sut toi han cia flo phU hop t6t véi sb ligu thuc
nghiém.
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Béng 2. Entanpi héa hoi A, H, entropi héa hoi A,,,S va nhiét d¢ so6i T, ¢ P =
101,3 kPa tinh toan tir 4p suat hoi md phéng

Phwong AyapH/ kI AyapS/ kJ.mol Ty K Tai ligu.
phap mol™* Lkt

Eq. 1 6,805 0,0791 85,978 | Cong trinh nay
Eq. 2 7,160 0,0821 87,181 | Cong trinh nay
LJ 7,646 0,0871 87,768 [6]
D1-EOS 7,131 0,0821 86,835 [7]

Exp. 6,921 0,0809 85,597 [8]

Exp. 6,941 0,0811 85,570 [9]

Nhig khac biét giira cac két qua du doan va sb liéu thuc nghiém 1a khong
O y nghia.
4. Kétluan

Can bang pha long hoi va cac tinh chat nhiét dong hoc cua flo 1ong duoc
tinh toan thanh cong bang chuong trinh md phéng GEMC-NVT va GEMC-NPT
dugc phat trién boi chung t6i s dung thé cap twong tic phan tir méi ab initio.
Céc két qua mo6 phong cho thy phil hop rat tot voi s liéu thuc nghiém.
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Tom tit
M6 phéng Monte Carlo cin bang léng hoi ciia flo
str dung cic thé twong tic phén tir ab initio méi

Can bang long hoi cua flo long duge du doan bang ky thuat mo phong
Monte Carlo (GEMC) sir dung hai thé cap twong tac phan tir 5 vi tri ab initio moi
cta chung t6i. Cac thé cap ab initio dd duoc xay dung tir cac tinh toan sir dung
muc ly thuyét CCSD(T) véi cac tap co s& cia Dunning aug-cc-pVmZ (m = 2, 3)
[8]. Gian d6 pha, cac tinh chét téi han, tinh chat nhiét dong, ap suat hoi va ty
trong cac pha nhan dugc phl hop t6t véi s6 lidu thuc nghiém.

Abstract
Monte Carlo simulations of vapor - liquid equilibria of fluorine using
new ab initio intermolecular interaction potentials

The vapor-liquid equilibria of pure fluid fluorine were predicted by Gibbs
ensemble Monte Carlo (GEMC) simulation techniques using our two new 5-site
intermolecular pair potentials ab initio. The ab initio pair potentials were
established from coupled-cluster calculations, using the CCSD(T) level of theory
and Dunning's correlation consistent basis sets aug-cc-pVmZ (m =2, 3) [8]. The
coexistence phase diagram, critical properties, thermodynamic properties, vapor
pressures and orthobaric densities based on them are found to be in very good
agreement with experimental data.
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