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TOM TAT : Dimg Iy thuyét ab initio molecular orbital dé tinh todn nhiét tao thanh cla hé
formyl. K&t qué cho thdy, nhiét tao thanh cia acid formic (HC=O(OH)): metyl formaldehyte
(HC=0(CHa,)) va formyl aminua (HC=G(NH,)) ngay mdc tinh CCSD(T)/6-311++G(3df,2p) //
MP2/6-31G(d,p), 12 tudng thich v&i cdc gid tri thyc nghiém véi sai khdc tir 0,1 dén 2.8
kJ/mol. Nhiét tao thanh ciia cdc hgp chit con lai duge tinh tir 4 phudng trinh phdn ng khic
nhau theo phudng phip CCSD(T) vdi basis set tudng tng 1a 6-311++G(3df,2p), véi sai s8 c6
thé 1a + 5 kJ/mol. Phudng phép ndy con c6 thé dugc ding dé tinh nhiét tao thanh cfia cdc hgp
chét trong cling hé hay khdc hé ma ching khong c6 gi tri nhiét tao thanh theo thuc nghiém.

PAT VAN PE

Hdp chat formyl (HC=O(R)) 1a dén xudt cia formaldehyt (H,C=0) qua viéc thay H
bdi R v6i R = OH, SH, CN, CHs, NH,, F, Cl, ... v6i R = OH, CHj3 hay NH; 12 cédc chét hitu
cd phd bién, c6 nhidu ing dung va cdc tinh chat héa 1y dge biét rat rd [1]; tuy nhién, véi
R = SH, F hay Cl thi c4c thong s& héa 1§ vAn chua dugc biét ddy di hay véi R = CN, ta ¢6
formyl cyanua (HC=O(CN)), nhiét tao thanh cla né hién dang trong giai doan tranh cai.
Theo k&t qua thu dudc cha Born [2] t¥ thyc nghiém phd khoi nhiéu budc la
AHCf 255(HC=0O(CN)) = 26 + 20 kJ/mol, trong khi Horwitz [3] dung phuong phap tinh G2
theo 1y thuyé&t ab initio molecular orbital thu dude AH"o(HC=0O(CN)) = 49 kJ/mol hay
Sengupta [4] dung phudng phdp B3LYP theo ly thuy€t ham mat do (Density Functional
Theory) thu dude AH%o(HC=0O(CN)) = 60 kJ/mol. Véi sy khdc biét 16n (gan 30 kJ/mol)
giifa gid tri 1y thuyé&t va gid tri thuc nghiém, ciing nhu sai khdc 10 kJ/mol gilfa hai k€t qua
Iy thuy&t 1a mdt doi hoi ddi v6i cdc nha nghién citu kiém tra lai gi4 tri nhiét tao thanh ctia
fomyl cyanua.

Trong bdo cdo ndy, ching tdi mudn ki€m tra lai gid tri nhiét tao thanh cda formyl
cyanua, bén canh d6, cling ti€n hanh céc tinh todn nhiét tao thanh cho cdc chét chua biét
nhiét tao thanh khac nhu HC=O(F), HC=0(Cl) hay HC=O(SH). Nhung d& kiém tra sy
diing ddn ctia phuong phdp di chon cho tinh todn, ching t6i cing tién hanh tinh todn
nhiét tao thanh chudn cho cdc chat di cé nhiét tao thanh chudn nhu HC=O(OH);
HC=0(CH3) va HC=0(NH,), sau d6 so sanh vdi cdc gid tri thuc nghiém cda ching.

PHUONG PHAP TiNH

Trong bai nay, ching t6i ding phuong phdp hi€u chinh electron bic cao CCSD(T)
vdi basis set 12 6-311++G(3df,2p) dé tinh todn ning lugng ti¥ cau hinh cin bang cla cdc
chit thu dugc tir phudng phdp MP2 vdi1 basis set 6-31G(d,p). 'Tat ca cac tinh toan dudc
tién hanh vdi viée st dung phan mém Gaussian 94 for Unix va Gaussian 98 {or Windows
trén Work Station va PC loai Pentium II [5].
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KET QUA VA THAO LUAN

Truéc tién, chiing t6i ding phuong phdp MP2 véi basis set 6-31G(d,p) thu dudc céc
cdu hinh cin biing cla cic chit cing ning lugng diém khdng (ZPE) va ning lugng hiéu
chinh nhiét (TC), sau d6 diing cdu hinh thu ducic tif phuong phdp MP2 va sit dung phuong
phdp CCSD(T) vdi basis set 6-311++G(3df,2p) dé tinh todn ning lugng cla c4c hgp chat
lién quan, cdc k&t qua tinh todn thu duge, dudce trinh bay trong bang I, nhiét tao thanh
chudn clia m6t sG chat 13y tir s tay cia Lias [6] cling dudc ghi vao bang T.

Theo k&t qua thu dudc ti bang I, chiing t6i ti€n hanh cdc tinh todn nhiét tao thanh
cta hé formyl (HC=0O(R)) dung phudng trinh phan ng :

HC=0(R) + H, = H,C=0 + HR (1)
Dua vao phuong trinh phén t@ng (1), tinh nhiét phdn @ng theo phudng trinh (2):

AE; = Exac=0 + Enr — (Enc-or) + Enz) (2)

Trong d6: Enaczo; Eur; Enc-or) V2 Enz 12 nang lugng cia H,C=0; HR; HC=O(R) va
H, tim dugc theo phudng phép tinh todn dugc ghi trong bang I va c6 cong vdi ndng lugng
hiéu chinh nhiét.

Tiép theo 12 ding nhiét tao thanh clia céc.chat cd sd da biét nhw : AH’(H);
AH"(H,C=0) va AH;(HR) dé tinh nhiét tao thanh ciia hé formyl theo phudng trinh (3):

AH(HC=0(R)) = AH’(H,C=0) + AH°(HR) - (AE, + AH(H;)) 3
Cic két qua thu dudc, dude ghi trong béng IL.
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Bdng I: Tinh toén ning Iudng tong (hartree), ning lugng diém khong (kJ/mol), niang
lugng hi€u chinh nhiét (kJ/mol) va nhiét tao thanh tir thyc nghiém (kJ/mol) cda céc chit
quan tam

Chat CCSD(T)/ ZPE® | TC® AH%
6-311++G(3df,2p) ¥
0K 298K
H, -1,17081 26,2| 32,1 0 0
H,0 -76,33185 54.6| 61,7 2389 -241,8
H;N -56,47107 88,4 95,6 -38,9 45,9
H,C -40,43294 116,1] 123,2 -66,8 74,5
HCN -93,27410 39,9 46,3 135,5 135,1
H,S -39,92556 39,6| 46,7 -17,6 -20,5
HClI -460,32735 17,8] 23,6 92,1 92,3
HF -100,33805 23,8| 29,7 -272,5 2995
H,C=0 -114,33312 68,3| 75,5 -104,7 -108,7
HC=0(OH) -189,50184 86,2| 94,0 -371,5 3785
-153,58294 14,5] 1522 -155,0 -165,8
HC=0(CHjs) '
HC=0(NH,) -169,64183 11,6] 125,3 -182.4 1 -192,0°
HC=0(SH) - -512,08306 72,0] 80,9
HC=0(CN) -206,42014 65,7| 75,8
HC=0(Cl) -573,47993 48,8] 56,9
HC=0(F) -213,49708 53,2| 60,7

a)Dua trén cédc cdu hinh can bing tif phuong phap MP2/6-31G(d,p)

b)Ning lugng diém khong (ZPE) tif cdc s§ séng dao ddng harmonic dugdc din ra
theo phudng phdp MP2/6-31G(d,p) va dugc hiéu chinh xudng bdi 0,95.

¢) Bao gobm ZPE va céc hiéu chinh nhiét d 298K diing cdc s& séng da hiéu chinh.

d)Nhiét tao thanh tir thuc nghiém theo Lias [6], ngoai trit cdc k¥ hiéu khic.

e) Gid tri thyc nghiém tir [8].

Theo k&t qua bang 11, nhiét tao thanh chuin thu dudc tit midc tinh CCSD(T) /6-
311++G(3df,2p) // MP2/6-31G(d,p) ciia cdc chdt HC=0(OH); HC=0O(SH); HC=0(CH,);
HC=0(NH,); HC=0(CN); HC=0(F) va HC=0(Cl) Tan lugt 1a -374,3 & OK (-381,6 &
298K); -119,4 (-125,7); -154,9 (-165,3); -180,7 (-190,3); 57,2 (55,2); -381,3 (-389,9) v -
182,3 (-182,5) kJ/mol. Trong d6, nhiét tao thanh cia HC=O(OH); HC=O(CHs) vi
HC=0(NH;) da dudc so sanh véi cdc vdi gid tri thuc nghiém va gid tri sai khdc 16n nhat
chi 1a 2,8 kJ/mol, trong khi sai s§ tinh todn cé thé khi dang miic tinh CCSD(T)/6-
3114++G(3df,2p) // MP2/6-31G(d,p) theo Nguyen [7] 12 + 5 kJ/mol.
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Bdng II: Tinh todn nhiét tao thanh (AH") cta cdc formyl c6 dang HC=O(R) véi R =
OH, SH, CHj, NH,, CN, F va Cl tir n_:'mg lugng (AE;) ciia phan dng tao H,C=0 va cling c6
so sdnh vdi cdc gia tri thuc nghiém (AH % )

Phan ng AE, AH%: | AH%. | Khac biét?
0K 0K 0K 0K
(29 | (298K) | (298K) (298K)
8K)
(1) HC=O(OH) + H, - H,C=0 + H,0 | 30,7 | -374,3 | -371,5 2.8
(31,1) | (-381,6) | (-378.,8) (2,8)

(2) HC=O(SH) + H; »> H,C=0 + H,S | -29 | -119.4
('3!5) (_125v7)

(3) HC=0O(CH3) + H; - H,C=0 + H4C | -16,6 -154,9 -155,0 0,1
(-17,9) | (-165,3) | (-165,8) 0,5)

(4) HC=O(NH;) + H,—»> H,C=0O + H;N | 37,1 -180,7 | -182,4 1,7
' (35,7) | (-190,3) | (-192,0) (1,7)

(5) HC=O(CN) + H; > H,C=0 + HCN | -26,4 372

(-28,8) | (55,2)

(6) HC=O(F) + H, - H,C=0 + HF 4,1 -381,3
(3.7)._ | (-384,9)

(7) HC=0(Cl) + H, = H,C=0 + HCl -14,5 -182,3
(-15,5) | (-182,5)

Y Khéc biét = | AH% - AH o

biéu nay cho phép khéng dinh, phudng phdp va phuong trinh phan ting chiing toi
chon cho tinh todn thu dugc két qud 12 ddng tin cdy. Tuy nhién, nhim ting thém tinh
thuy&t phuc d€ khing dinh cdc gi4 tri nhiét tao thanh cda cdc chit khic nhw HC=O(CN);
HC=0(F); HC=0(Cl) chuing t6i dung thém 3 phuong trinh phdn @ng khédc nhu dudi diy:

HC=0(R) + CH; —» HC=0(CH3) + R-H (4)
HC=0(R) + NH3; - HC=0O(NH,) + R-H (5)
HC=0O(R) + H,0 — HC=0O(OH) + R-H (6)

Cich ti€n hanh tinh todn nhu trén va ¢6 sit dung thém nhiét tao thianh chuin cida cic
hop chét nhir. HC=O(OH); HC=0O(CHj3) vA HC=O(NH,) trong bang I tif Lias [6]. C4c két
qud tinh todn thu dudc, dudc trinh bay trong bang III.
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Bdng III: Tinh todn nhiét tao thanh (AH®%) clia cdc hgp chdt trong hé formyl dang
HC=O(R) v6i R = CN, F va Cl tif ning lugng (AE,) cla cdc phuong trinh phdn \ing khic
nhau

Phudng trinh phan tdng ﬂ AE, AH' |

0K 298K 0K 298K
(1) HC=O(CN) + H, — H,C=0 + HCN 264 288 572 552

* (2) HC=O(CN) + CH; - HC=O(CH3) + HCN 9,8 ' -109 ' 57,1 547
(3) HC=O(CN) + NH; — HC=O(NH,) + HCN -63,5 -64,5 55,5 53,5
(4) HC=O(CN) + H,0 — HC=0(OH) + HCN -57,1 -59,9 60,0 58,0

HC=0(CN) — gid tri trung binh 3.5 554
(5) HC=0O(F) + H, =» H,C=0 + HF 4,1 s K -381,3 -384,9
(6) HC=0O(F) + H,0 - HC=0(OH) + HF -266 -274  -378,5 -382,1

(7) HC=0O(F) + NH; - HC=0(NH;) + HF -33,0  -32,0 -383,0 -386,6
(8) HC=0O(F) + CH4y —» HC=0(CHj3) + HF 20,7 216 -3814 -3854
HC=0(F) - gid tri trung binh -381,1 -384,8
(9) HC=0(Cl) + H; - H,C=0 + HCI -14,5 -15,5 -182,3 -182,;5
(10) HC=0(Cl) + H,O0 - HC=0O(OH) + HCl -45,2 -46,6 -179,5 -182,7
(11) HC=0O(Cl) + NH3; - HC=0O(NH,) + HCl -51,6 -51,2 -178,0 -181,2
(12) HC=0O(Cl) + CH4 -» HC=0O(CH3) + HCl 2,1 2,4 -182,4 -186,0
HC=0(Cl) — gia tri trung binh -180,6 -183,9

Theo k&t qué trinh bay trong bang 111,  mdi chat c¢6 4 gid tri nhiét tao thanh ti 4
phuong trinh khdc nhau tai mdi nhiét do nhat dinh, cdc gid tri sai Khdc ti 4,4 dén 4,8
kJ/mol, nim trong gi6i han sai s6 cho phép tinh todn 12 + 5 kJ/mol, do vdy dé thu dugc
gid tri cudi cling, chiing t6i d& nghi 14y trung binh cdng cla cdc gid tri d6. K&t qua thu
dugc céc gid tri nhiét tao thanh cia HC=O(CN); HC=0O(F) va HC=0(C]) [an lugt 1a 57,5
kJ/mol 3 OK (55,4 kJ/mol & 298K); -381,1 (-384,8) va —180,6 (-183,9) kI/mol mdt cach
tuong ting. Cac k&t qua ciing khdng sai khdc nhiéu so vdi két qua tinh todn chi ding mt
phuong trinh phdn @ng (1) dd dugc trinh bay trong bang II, vy chi cin ding duy nhit
phudng trinh phén tng (1) cling c6 thé thu dugc k&t qua ddng tin cay.

Gid tri nhiét tao thanh cia formyl cyanua HC=0(CN) thu dugc ¥ tinh todn theo
phuong phdp CCSD(T) cda ching t5i 1a AH((HC=O(CN) = 57,5 + 5 ki/mol & 0K va
AH® 203(HC=0(CN)) = 55,4 5 kJ/mol & 298K, gi4 tri ndy so sdnh t6t v6i gid tri thu dugc
bdi Sengupta [4] 12 60 kJ/mol & OK bang phudng phdp B3LYP.

KET LUAN

T6m lai, két qua tinh todn ciia ching tdi diing phuong phdp CCSD(T) vdi baisis set 6-
3114++G(3df,2p) thu dugc cdc gid trj nhiét tao thinh cia cdc chat [in lugt HC=O(OH);
HC=0(SH); HC=0(CH3); HC=0(NH,;); HC=0(CN); HC=0(F) va HC=0O(Cl) mdt cdach
twong Ung 1a -374,3 & OK (-381,6 & 298K); -119,4 (-125,7); -154.9 (-165,3); -180,7 (-
190,3); 57,5 (55,4); -381,1 (-384,8) va -180,6 (-183,9) kJ/mol. Trong d6, nhiét tao thanh
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clia céc chit di biét nhiét tao thanh nhw: HC=0(OH); HC=0(CH3) vd HC=O(NH,) thi k&t
qua gan nhu gidng nhau giffa 1y thuy&t va thuc nghiém, sy sai khéc 16n nhét chi 1a 2,8
kJ/mol n3m trong gidi han sai s8 cho phép cta tinh todn * 5 kJ/mol. Con cdc gid tri nhigt
tao thianh ctia cdc chat khdc chua biét nhiét tao thanh nhu: HC=0O(CN); HC=O(F) va
HC=0(C) thi dugc tinh todn tir 4 phuong trinh phin ing khdc nhau (1,4-6), két qué thu
dudc cdc gid tri 12 gan nhu nhau va gid tri nhiét tao thanh cida ching la gid tri trung binh
cong tuong Ung, vdi sai s6 c6 thé 1a + 5 kJ/mol.

HEATS OF FORMATION OF FORMYL SYSTEM
Phan Minh Tan — Nguyen Thanh Lam — Minh Tho Nguyen

ABSTRACT: Using ab initio molecular orbital (MO) theory to caiculate the heats of
formation of formyl system. Results show that, the heats of formation of formic acid
(HC=O(OH)); methyl formaldehyde (HC=O(CHj3)) and formyl amide (HC=O(NH,)) at
CCSD(T)/6-311++G(3df,2p) // MP2/6-31G(d,p) level, were similar to the experimental results
with different amount from 0.1 to 2.8 kJ/mol. The heats of formation of the rest of compounds
have been calculated from four different working reactions at CCSD(T) method in conjunction
with 6-3114++G(3df,2p) basis set, with a probable error of + 5 kJ/mol. This method can also be
used to calculate heats of formation for compounds of the same system or others for which these
quantities are not experimentally available.
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