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TOM TAT : Dung 1y thuy&t ab initio molecular orbital hay Density Functional Theory (DFT)
dé tinh nhiét tao thanh chuén ciia cdc hgp chil thay cho cdc phuong phip thuc nghiém rdt dit
tién, cdn cdc chuyén gia si dung phd ¢ trinh d§ cao va trong mot s6 trudng hop 14 khong thé
do dugc. Céc tinh todn ciing c6 thé dugc ding dé du doan nhiét tao thanh cho céc hdp chat
khéng c6 gid tri nhiét tao thinh bing thyc nghiém. Vi sai s vao khodng + 5 kJ/mol ngay mifc
tinh CCSD(T)/6-311++G(3df,2p) // MP2/6-311++G(d,p) va tuy thudc vao 3 théng s§ chinh:
phuong trinh phan ¥ng, phudng phdp tinh va nhiét tao thanh chudn ciia cdc chit co sd.

PAT VAN BE

Nhiét tao thanh chuin cda mot chat (AH®) 1a sy thay d6i enthalpy ciia mt phan ing
trong d6 1 mole chét d6 dugc hinh thanh 1Y cdc phan ¥ § cing diéu kién chudn [1]. Viéc xdc
dinh dugc nhiét tao thanh chuin cé ¥ nghia hét sifc quan trong trong héa hoc, khi biét nhiét
tao thanh chufn ching ta c6 thé so sdnh d6 bén tuong d6i cla cdc dong phan véi nhau, chit
n20 ¢6 nhiét tao thanh chudn bé nhat 1a ddng phan bén nhat va ngugc lai; hay chiing ta c6 thé
tinh su thay d6i enthalpy cla cdc phdn ing hay nhiét phdn @ng-lugng nhiét sinh ra (hay thu
va0) bdi 1 Iugng tdc chat nhat dinh theo phudng trinh phdn ng, dai lugng rat can thiét giip
kiém sodt phan Wng héa hoc va ciing 12 mot thong s6 can thiét cho cdc nha 1am thiét k€ thiét
bi phén @ng; hay chiing ta tinh dugc ndng lugng tr do chudn AG® cla phdn Ung néu biét sy
thay ddi entropy chudn cla phén ting theo phuong trinh:

AG® = AH® + TAS® (1)

Ning lugng tu do chuin AG® 12 dai lugng ding dé€ dy bdo chiéu hudng phén ing va
diing d€ tinh hiing s& cin bing Keg.

Tuy nhién, nhiét tao thanh chudn cda 1 chat thudng khé xdc dinh dugc tryc ti€p theo
dinh nghia bdi vi viéc do vt Iy cda phdn ng két hgp 1a khong thé thuc hién dugc [1]. Thay
vao d6, chiing ta ding phudng phdp gidn ti€p thong qua gid tri nhiét phan ung (AE,) cia phan
ung khac theo dinh ludt Hess [1]. Chéng han, xét phdn iing (2):

X+B==C+D (2)
C6 nhiét nhiét phan ing 1a AE,, va c6 nhiét tao thanh chudn cia cdc chat B, C va D lan
lugt 1a AH g, AH% ¢ va AHp thi nhiét tao thanh chudn cda chat X chua biét dudc x4c dinh

théng qua biéu thitc:

AHsx = AH ¢ + AHp — AE; - AH g 3)
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Thyc nghiém ciing dua vao cdch nay d€ tinh nhiét tao thanh chuin cla céc chat, trong
cdc phuong phdp thuc nghiém phd bién nhat vén 1a ding phd khéi [2]. Vi du, xét phan ng:
AB — A" + B + e, da bi€t nhiét tao thanh chudn cla cdu t¥ B va cation A*, ding phé khéi do
duge nhiét phdn ng AE; thi nhiét tao thanh chudn cda AB sé& dugc x4c dinh théng qua biéu
thic:

AH’tag = AH’tp + AHt 4 — AE, 4)

Tuy nhién, mudn do dugc nhiét phdn @ng AE,, ddu tién chiing ta phai diéu ché& dugc
chdt AB, van dé nay trong mot s6 trudng hgp khong phai 1a d& dang va kha thi d6i véi céc
chat chua biét cdch di€u ch& hay rat kém bén. Ngoai ra, khi do ddi hdi phai c6 may phd khsi
vdi gid cd khong ré va con ngudi st dung mdy la phai cd trinh dd cao, ngudi s dung mdy
khéng don thudn 1a chi biét van hanh mdy ma con phai 12 mdt nha tdng hgp hitu co gidi nita!

Tat cd cdc khd khan nay s& dugde gidi quyét dn thda khi ding phuong phdp tinh ly
thuyét, phudng phép tinh nhiét tao thanh cla 1 chat theo ly thuyé&t ab initio molecular orbital
hay Density Functional Theory (DFT) ciing dia vao phdn itng, gidng nhu cdc phudng phdp
khdc, ching ta s& tinh dugc gid tri nhiét phdn d@ng thay vi dung 'ligc nghiém dé€ do nd. Uu
diém 16n nhdt khi ding phuong phép tinh 1y thuy&t la: thi uhit, khing can cdc may phd dit
tién, chi can 1 mdy tinh PC ciing dugc, néu 1a Work Station thi t5t hon, gia ca ré hon nhiéu va
cling d& bdo quan, vdn hanh va khdéng gian chiém chd ciing it hon; thi hai, ta c6 thé tinh tat
cd cdc chat theo ¥ mudn, ngudi sit dung mdy khong ddi hdi phdi 12 mét nha tng hgp hitu co
gidi, ma chi cAn mdt ngudi bi€t st dung vi tinh (biét st dung windows vi Gaussian 98 for
Windows [3] tat cd dung trong windows) va c6 ki€n thifc vé héa hoc. Van dé con lai bay gid
cla ching ta 12 1am thé€ nao d€ tinh ding gi4 trj nhiét chudn cda 1 chat théng qua tinh nhiét
phédn dng (AE,).

Phuong phép tinh:
Xét phuong trinh phan dng (2):

X+B==C+D (2)
Nhiét phdn ng cia phuong trinh (2) dugc tinh tai nhiét d6 T (K) la:

AE;r=Ect+ Ep1 - (ExT+EBT) (5)

Trong d6: Eg1; Ect; Epr va Exr 12 nidng lugng clia cdc chat B, C, D va X thu dudc tit
cdc phuong phdp tinh theo ly thuyét ab initio molecular orbital hay DFT [3). Thay AE,t thu
dudgc tix phuong trinh (5) vao phuong trinh (3) ching ta sé& thu dugc nhiét tao thanh chuin cia
chat X.

T6m lai, trinh 1y tinh todn nhiét tao thanh cda 1 chat bao gém cdc budc sau:

1. Chon phuong trinh phén ng.

2. Chon phuong phdp tinh ciu hinh cén bing va phuong phdp tinh ning lugng ciing cic
basis set tuong \ing theo sau.

3. Tra nhiét tao thanh chudn cida cdc chat (B, C va D) di biét trong c4c s8 tay héa ly.

4. Ti€n hanh cdc tinh todn cdu hinh cin biing va tinh todn ning lugng.
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5. Tinh nhiét phdn @ng théng qua ning lugng tinh dudc & budc 4 theo phuong trinh (5).

6. Tinh nhiét tao thanh chudn théng qua nhiét phdn ¥ng va nhiét tao thanh chuin cla
cdc chat da biét theo phuong trinh (3).

Thdao luin vé sai s8 ¢6 thé:

Theo trinh ty tinh todn nhu trén, thi sai s& phu thudc vao cdc yéu t6 sau:

¢ Chon phuong trinh phén ug.

e Chon phudng phdp tinh.

¢ Nhiét tao thanh chuin cia cdc chit cd sd.

1. CHON PHUONG TRINH PHAN UNG:

Viéc chon phuong trinh phdn dng ¢6 4nh hudng rdt 16n dén két qud vi nhiét phén ng
thu dugc thong qua phuong trinh phén ng. Viéc chon lua phudng trinh phén ¥ng phu thude
nhiéu vao kinh nghiém, nén chon phuong trinh phan ing sac cho cau hinh cdc chat vé 2 phia
ctia phuong trinh 1 gan gidéng nhay, diéu nay cho phép sai s6 xdy ra vé 2 phia 1a tuong duong
nhau va chiing s& bi loai trit 1an nhau khi tinh nhiét phdn @ng AE, theo phudng trinh (5). Vi
du, phan ¥ng dudi day c6 ciu hinh 2 v€ khong tuong duong nhau:

H,C=0 + 2H; — CH, + H,0 (6)

Theo phuong trinh (6), thu dugc nhiét tao thanh chuén cta aldehyt formic (H,C=0) tai
298K 12 —124,5 kJ/mol 6 mic tinh CCSD(T)/6-311++G(3df,2p) // MP2/6-311++G(d,p), trong
khi gid tri thyc nghiém nhiét tao thanh chudn cia H,C=0 & 298K 1a —108,5 kJ/mol theo Lias
[2], sai khdc nhau 16 kJ/mol. Con phan ing dudi ddy c6 2 v€ gan tong duong nhau:

H2C=O + H,S —» H2C=S + H,0 (7)

Theo phuong trinh (7), thu dudc nhiét tao thanh chudn cda H,C=0 tai 298K 132 -117.4
kJ/mol & mifc tinh CCSD(T)/6-311++G(3df,2p) // MP2/6-311++G(d,p), sai khdc nhau chi 8,9
kJ/mol. Nhung néu vin giit nguyén dugc ndi doi (C=0) nhu cdc phuong trinh phén ¥ng dudi
day thi sai s6 sé& rat bé: .

HC=0(OH) + H; —» H,C=0 + H,O (3)
HC=0(CH3;) + H, —» H,C=0 + H,C 9)
HC=0(NH;) + H; = H,C=0 + NH;3 (10)

Theo (8), (9) va (10) thu dugc gid tri nhi€t tao thanh chudn cia HC=0O(OH);
HC=0(CH3) va HC=0(NH;) & 298K 1an lugt 14 —381,6; -165,3 va —190,3 kJ/mol, trong khi
cdc gid tri thyc nghiém theo Lias [2] 12 —378,8; -165,8 va —192,0 kJ/mol sai s5 16n nhdt chi
2,8 kJ/mol, mdt két qua gan nhu 1y twdng.

2.PHUONG PHAP TINH CAU HINH CAN BANG VA PHUONG PHAP TINH
' NANG LUONG: .
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Theo kinh nghiém ctia chiing t6i [4], da khdo sdt qua vdi rdt nhiéu hé va cdc chat khéc
ubhau thi dung phuong phdp MP2 véi cdc basis set tuong dng la 6-31G(d,p) hay 6-
3114++G(d,p) d& thu dugc cau hinh cin bing va sau d6 dang phuong phdp CCSD(T) vdi basis
set 1a 6-311++G(3df,2p) d€ tinh ning lugng thi thu duge cdc két qud rat t6t, wong thich véi
thue nghiém, nhu cdc vi du cu thé trong phuong trinh (7), (8), (9) va (10) vdi sai s6 trung
binh c6 thé nhit 12 + 5 k/mol. Con nhin chung (khong phai ludn ludn ding) thi khi ting
phuong phdp tinh cdu hinh cdn biing va phuong phédp tinh ning lugng ciing basis set wong
{tng thi s& cai thién két qua tinh, bl lai, ching ta s& chi nhiéu thdi gian tinh hon. Nhu bang I
1a két qua tinh todn nhiét tao thanh cda thioaldehyt formic (H,C=S) theo phuong trinh phin
tng (11) & cdc phuong phép tinh cdu hinh cén bing khdc nhau va cdc phudng phép tinh ning
lugng khdc nhau:

H,C=S + H,0 — H,C=0 + H,S (11)

Ching ta thdy ring, gid tri nhiét tao thanh chuén clia H,C=S 12 khdc nhau & phudng
phédp va basis set khdc nhau, theo chiéu ting phuong phdp tinh cling basis set thi nhiét tao
thanh chudn 13 gidm, ngoai trif cft 3 khong tudn theo qui ludt ndy. Gid tri t6t nhat 1a 121,0
kJ/mol tai mic tinh CCSD(T)/AUG-cc-pVQZ // CCSD(T)/6-311++G(d,p), so v4i két qua thuc
nghiém cda Ruscic [5] la 114,4 kJ/mol, sai khdc nhau 1 lugng 12 6,6 kJ/mol. Tuy nhién, su
khdc nhau giffa cdc gid tri nhiét tao thanh chudn 3 bang I 12 khong ddng k€, sai khdc 16n nhét
chi 12 2,3 kJ/mol. Do d6, khong cin thiét phdi ding phuong phdp qud cao nhu tinh cau hinh
cén bing tai CCSD(T)/6-311++G(d,p) va sau d6 tinh nang lugng & CCSD(T)/AUG-cc-pVQZ
ma chi can tinh & mitc CCSD(T)/6-311++G(3df,2p) // MP2/6-311++G(d,p) 12 dd tin cdy vi su
sai khdc vin con nim trong gidi han sai & tinh todn 12 £ 5 kJ/mol.

3.NHIET TAO THANH CHUAN CUA CAC CHAT €0 SG:
Nhiét tao thanh cda phuong trinh (2) dugc tinh théng qua biéu thitc (3):

X+B==C+D (2)
AHoﬁx = AHuﬁc 4 AHOLD - AE; - AHOflg (3)

Nhin vao biéu thiic (3) chiing ta thdy ring, cdc gid tri nhiét tao thanh chuin cla céc
chét cd sd nhu B, C va D dnh hudng truc ti€p 1én gid tri nhiét tao thanh chuin cla chit X. Vi
du, d& tinh nhiét tao thanh chuén cda dithioformic acid, chiing ta xét phuong trinh phén \ng:

HC=S(SH) + H, —» H,C=S + H,S (12)

Thi gid tri nhiét tao thanh cda dithiformic acid 1a 110,2 kJ/mol & 298K tir mifc tinh
CCSD(T)/6-311++G(3df,2p) // MP2/6-311++G(d,p) vdi gid tri nhiét tao thanh cia H,C=S
dugc chon 12 AH 295(H2C=S) = 117,7 kJ/mol [6]. Nhung néu chon AH% ,95(H,C=S) = 105
kJ/mol theo Lias [2] thi AH;20(HC=S(SH)) = 97,5 kl/mol; cdn néu chon AH’ 595(H,C=S) =
114,4 kJ/mol theo Ruscic [3] thi AH®; 29(HC=S(SH)) = 106,9 kJ/mol.
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Nhu vay, gid tri nhiét tao thanh chufn cla cdc chat cdn tinh chiu 4nh hudng rat nhi€u
bdi cdc gid tri nhiét tao thanh cla cdc chét co sb, véi cdc gid tri nhiét tao thanh chuédn cia cic
chit cd 5§ 12 khidc nhau thi thu dudc cdc k€t qua 1a khdc nhau. Thong thudng, tat ca cic gid tri
nhi¢t tao thanh cda cdc chit cu sd due tra rong cdc quyén s6 tay héa 1y, nhe quyén cda Lias
[2] chdng han. Tuy nhién, do diéu kién lich s& nén khong phdi tat cd cdc gi4 tri d6 1a diing, ¢6
mot sO gid tri con dang trong giai doan tranh cai nhv gid tri nhiét tao thanh cda thioaldehyt
formic, theo Lias [2] 14 105 kJ/mol & 298K, con theo thuc nghiém gan diy ciia Ruscic [5] 1a
114,4 kJ/mol, trong khi két qua tinh todn ly thuyét cia ching t6i dya vao phuong trinh (11)
véi mifc tinh rat cao CCSD(T)/AUG-cc-pVQZ // CCSD(T)/6-31i++G(d,p) 12 121,0 k)/mol.
Sai khéc 16 kJ/mol so véi gid tri cla Lias [2] va 6,6 kJ/mol so véi Ruscic [5]. day ciing can
chu ¥ ring, tai liéu cia tdc gid Lias [2] 12 quyén s8 tay cdc thong s héa 1y cd bdn dugc tap
hgp tiX cdc tap chi déng tin cdy nhu J. Chem. Phys., J. Phys. Chem., Chem. Phys. Letters, J.
Am. Chem. Soc., ...

KET LUAN:

To6m lai, viéc dang phuong phdp tinh todn theo cac 1y thuyét ab initio molecular orbital
hay Density Functional Theory (DFT) thay cho cdc phudng phdp do bing thyc nghiém la hét
stfc ¢6 ¥ nghia vi gidm duge rdt nhiéu chi phi vé thiét bi cling nhu con ngudi. Céc gié tri nhiét
tao thanh chudn ciia cdc chat 1a hoan toan c6 thé x4c dinh bing cdc phuong phap tinh lugng
t¥, v6i do chinh xdc 13 thy thudc vao 3 yé&u t8 chinh:

e Chon phuong trinh phdn g: sao cho 2 v& cia phuong trinh phén ting c6 ciu hinh gin
gidng nhau.

 Chon phudng phdp tinh: teo kinh nghig¢m cia ching t5i, ding phudng phdp MP2 véi
cdc basis set 6-31G(d,p) hay 6-311++G(d,p) dé thu dugc cdu hinh cin bing va sau dé ding
phuong phdp CCSD(T)/6-311++G(3df,2p) dé tinh ning lugng thi thu dugc két qua rat 5t, véi
sai §0 ¢6 thé 12 £ 5 kJ/mol.

e Gid trj nhiét rao thanh chéin cla cdc chit cd s8: tra theo cdc quyén s8 tay héa 1y.

HEATS OF FORMATION OF COMPOUNDS: QUANTUM CALCULATIONS
INSTEAD OF EXPERIMENTAL METHODS '

Phan Minh Tan - Nguyen Thanh Lam - Minh Tho Nguyen

ABSTRACT : Using ab initio molecular orbital theory or Density Functional Theory to calculate
standard-heats of formation of compounds instead of experimental methods which are expensive,
needing high educational experts on spectro-scopic methods and in several cases are not been able to
measure. Calculations can also be used to predict heats of formation for compounds for which these
quantities are not experimental available. With an error of + 5 kJ/mol at CCSD(T)/6-31 1++G(3df,2p)

/I MP2/6-3114+G(d,p) level and depending on three main factors: working reactions, calculating
methods and standard-heats of formation of basis compounds.
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