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Abstract

The reaction mechanisms of methylidene radical (CH) with frans- and cis-hydroximethylene have been studied
theoretically by means Density Functional Theory (DFT) calculations using BHandHLYP method with the basis set
aug-cc-pvdz and aug-cc-pvtz. Our present results indicate that pre reaction complexes formed without activation energy
barriers at the initial stage of the both reaction mechanisms. The possible pathways for the formation of 7 products such
as CH, + HCO, CH; + CO, H,CCO +H, H, + CCHO, C,H + H,0, HCCOH + H and C,H, + OH) has been discussed in

detail.

1. GIOI THIEU

Trong hé¢ nhién li¢u dét chay cua hidrocacbon
cing nhu trong khi quyén, metylidin (CH) 1a mot
trong s nhitng gbc tu do quan trong boi kha nang
phan ung da dang. Phan ung cua goc CH véi cac
phan tr nhé d3 duoc nghién ctu nhidu ca vé ly
thuyét 1an thyc nghiém. Két qua nghién ctru phan
tmg ctia gbc CH v6i CH;0H, C,H,, NO,, O,, H,0,
CH, [1 - 7] déu chi ra ring hudng phan tmg chinh la
phan g két hop thong qua sy tao thanh phtrc chat
trung gian ma khong di qua hang rao nang lugng
thay vi hudng phan tng tach ¢ hang rao nang luong
qué cao khong thuan loi vé mat nhiét dong.

Phan tir fomandehit H,C=O ciling thudc loai
phan tr nho, c6 nhiéu trong bau khi quyén céc sao
trong khong gian, khi quyén trai dt va trong cc qua
trinh d6t chay. Co ché phén tmg cia CH vé1 H,C=0
dd dugc nghién ctru bang thuc nghiém boi S.
Zabarnick, J. W. Fleming va M. C. Lin [8]. Céac tac
gia da dua ra mot s6 duong phan tng ciia hé nay nhu
sau:

CH + H,C=0 — CH, + HCO AH = -11,6 kcal/mol

CH + H,C=0 — CH,CHO AH=-109,6 kcal/mol

CH + H,C=0 — CH3 + CO AH =-105,9 kcal/mol
CH + H,C=0 — CH,CO + H AH = -73,6 kcal/mol

Fomandehit (H,C=0) ton tai 2 dang dong phan
la trans- va cis-hidroximetylen (HCOH). Ca 2 dang
ddng phan nay déu co6 thé duoc sinh ra tir
fomandehit [9], nhét 14 trong diéu kién phan tmg ddt
chay & nhiét d6 cao. Ching déu ¢ ning luong 16n
hon fomandehit (H,C=0), do d6 chung s€ c6 kha
nang phan ung lon hon. Trong bai bao cua ching toi
dudi day trinh bay chi tiét co ché sy tao thanh cac

san phdm trén tir hé CH + H,C=0 thoéng qua sy
trong tac cua goc CH voi trans- va cis-
hidroximetylen.

2. PHUONG PHAP TiNH

Tat ca cac tinh toan dugc thuc hién bang phan
mém Gaussian 03 [10]. CAu trac hinh hoc cua cac
chat déu duoc t6i wu theo phuong phap phiém ham
mat d0 ¢ mic BHandHLYP/aug-cc-pvdz. Su xac
dinh diing mot trang thai chuyén tiép tim dugc ngoai
viéc phan tich tan s6 dao dong ciing ¢ thé duoc
kiém tra thém bang cach tinh toa d6 ndi phan tmg
(IRC). Niang luong diém don dugc tinh ¢ muc
BHandHLYP/aug-cc-pvtz. Tir cac két qua nhan
dugc s& tinh toan hiéu tmg nhiét, thé dang nhiét dang
4p ciia cac phan Ung tao thanh san phim va xdy
dung bé mit thé nang cua hé ¢ diéu kién nhiét do
298 K, ap suét 1 atm.

3. KET QUA VA THAO LUAN

Cic cdu trc  frans- va  cis-hidroxi
hidroximetylen c¢6 dang hinh hoc dugc téi wu trén
hinh 2. Néu qui u6c ning lugng ctia H,C=0 bang 0
thi cac dong phan, trang thai chuyén tiép giita 2
déng  phan  frans-HCOH  va  cis-HCOH
(TStrans—-cis) c6 nang luong nhu sau (bang 1).

Céc gia tri dua ra & bang 1 cho thdy co sy phu
hop rat t6t giita két qua tinh va két qua cua cac cong
trinh da dwoc cong bd trude day. Hang rio ning
luong gitra 2 ddng phan trans- va cis-hidroximetylen
1a 108,8 kJ/mol nén khi hé phan tng xay ra & nhiét
d6 cao thi qua trinh chuyén ddi gitta 2 dong phan
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nay thyuc sy khong gap kho khan. D6 cling la 1y do
chung t6i muon khao sat dong thoi hé phan ing cia
CH+cis-HCHO va CH+trans-HCOH.

Bang I: Gia tri ning luong cua cac ddng phan
H,C=0 (kJ/mol)

Chutric | Tham khao [9] Kfitn‘}lué
H,C=0 0 0
trans-HCOH 211,3 214,3
cis-HCOH 233,1 233.8
TStrans—-cis 331,8 3231

Trén bé mit thé ning cua hé phan tng gdc
metylidin vdi trans- va cis- hidroximetylen (hinh 1)
c¢6 2 phirc chat trung gian dugc ki hiéu la C1 va C2.
Céc céu tric cyc tiéu 1 hop chit trung gian dugc ki
hiéu 1a Ti (i=3+12), cac san pham dugc ky hiéu 1a Pj
(j=1+7) va céac céu trac trang thai chuyén tiép (TS)
duogc ky hi¢u 1a i/j véi i, j twong tng la thu tu cua
cac cuc tiéu phurc chat, hop chét trung gian hodc san
pham. Tir két qua tinh ning lugng dao dong diém
khong va nang lugng diém don x4c dinh duoc nang
luong tuong quan v6i muc ning luong cia hé chat
tham gia phan tng ban dau CH + trans-HCOH duoc
qui udc bé'mg 0. Hinh hoc ctia mot s ciu tric duge
thé hi¢n trén hinh 2.

Nguyén Hiru Tho va cong su

Khi gdc CH tin cong vao cac phan tir trans- va
cis-HCOH tuong ng tao ra cac phic C1 va C2. Cac
phirc nay c6 céac lién két C-O méi duoc hinh thanh
c6 d0 dai rat16n. O C11a 1,944 A, 6 C2 12 1,959 A.
Diéu nay c6 thé dugc giai thich 1a do lién két méi
dugc hinh thanh 1a lién két theo kiéu cho nhén
C«O0. Obitan chtra cép electron tu do trong nguyén
tir O 1a obitan cho va obitan nhan la obitan-p cua C.
Nang lugng cua cac phirc nay chénh 1éch voi hé cac
chat tham gia phan tng 13 khong nhiéu, chi thip hon
khoang 18 kJ/mol. Pang chu y 1a cac phuc nay dugc
hinh thanh ma khong di qua hang rao ning luong. O
day c6 su twong dong v6i hudng phan tng chinh
trong day cac hé phan ung: CH+CH;OH [1,2],
CH+H,O0 [6], CH+CH,4 [7].

Cac phuc C1 (-17,5 kJ/mol) va C2 (+1,2 kJ/mol)
¢6 ning lugng kha cao nén khong bén nhanh chéng
bi phan Gng thong qua cac TS 1/3 (+63,2 kJ/mol) va
2/4 (+65,1 kJ/mol) tao ra cac chit trung gian tuong
ung 1a I3 (-353,9 kJ/mol) va 14 (-371,3 kJ/mol). T
I3 va I4 déu co kha nang tiép tuc phan mg dé tao
thanh cing mot chat trung gian tiép theo 1a IS5
(-510,2 kJ/mol). Cac san pham P2+P7 déu duogc
hinh thanh théng qua IS nay.

Cac san phém P2, P3, P6, P7 c6 thé duoc tao
thanh tir h¢ phan tng ciia gdc etinyl v6i nudce theo
co ché nhu sau [11]:

y P6 (HCCOH+H)
9

9/P5 9/10 10/P7
Ca+H0 19 (H,CCOH) — > 110 (HCCHOH) —> P7 (CoHp+OH)
e
8/P2
9/P3 o 18 (H3CCO) — P2 (CH3+CO)
? 7/8
7/P3

(H,CCO+H) P3 <——= |7 (H,CCH=0)

Nhu vay, hé phan ung C,H+H,0 c6 tao ra mdt
s6 hop chit gidng véi hé CH+HCOH nén bé mat thé
nang cta 2 hé nay sé c6 mot phan gidng nhau.

San ph’flm P6 (-357,5 kJ/mol) dugc tao thanh tr
3 con duong khac nhau. Ngoai con duong qua TS
9/P6 (-348,0 kJ/mol) nhu dd duoc cong bd con hai
con duong khac 1a qua TS 12/P6 (-346,2 kJ/mol) va
11/P6 (-338,5 kJ/mol). Trén bé mit thé ning chung
ta c6 thé suy luan rang, néu ciing xuit phat tir I9 thi
khi di qua 9/P6 s& c6 hang rao ning luong thap nht,
va d6 s& la hudng thuan loi nht.

San phiam P3 (-507,0 kJ/mol) ciing dwoc hinh
thanh theo 3 hudng thong qua cac TS 7/P3 (-478,4
kJ/mol), 8/P3 (-495,9 klJ/mol) va 9/P3 (-436,5
kJ/mol). Ca 3 hudng nay ciling c6 dang twong ty nhu

hé phan tng ciia gbe etinyl voi nude da duge cong
bd. Du di theo huéng nao thi sy tao thanh P3 ciing
d& hon so voi cac san phém P1, P4, P5, P6, P7 do
qua trinh hinh thanh P3 luén di qua cac TS c6 nang
luong thap hon so vai cac san pham kia.

Trong qua trinh hinh thanh cic san phim P4
(-271,3 kJ/mol), P5 (-334,6 kJ/mol), P6 (-357,5
kJ/mol) thong qua I7 (-675,3 kJ/mol) thi sy tao
thanh P6 luén di qua cac TS c6 ning lugng thap
hon, con sy tao thanh P4 lai phai di qua TS c¢6 ning
lwong cao hon nén thir ty wu tién giam dan cho qua
trinh hinh thanh cac san pham nay 1 P6, P5, P4.

San pham P2 (-651,9 kJ/mol) ngoai con dudng
tao thanh tr I8 (-691,8 kJ/mol) thong qua TS 8/P2
(-620,3 kJ/mol) con c6 con duong thong qua TS 6/P2
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Hinh I: Bé mit thé nang (PES) hé phan img CH + HCOH
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o/
I 1100 1274 a
(i) 0955

Hinh 2: Hinh hoc cac trang thai chuyén tiép, cuc tiéu va cac ddng phan cia HCOH
(Do dai lién két (A), goc lien két (°))
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(-455,7 kJ/mol). Tuy nhién con dudng thir 2 nay co
hang rao ning lugng 16n hon tuong doi nhiéu, do d6
s& kho xay ra hon. I8 1a hop chat c6 ning luong thap
nhat trén bé mit thé ning nay ching t6 nod s& co do
bén 16n hon so véi cac cdu trac khac. Xét theo tién
trinh phan tng ching ta nhan thdy con duong hinh
thanh san phidm P2 tr I5 theo tha tu
I15—5/7—-17—7/8—18—8/P2—P2 luén cé nang
lwong thip nhét so vdi cac hudng phan tng khac nén
c6 thé khang dinh rang, P2 1a san pham uu tién nhat
trong h¢ nay.

San pham P7 (-431,8 klJ/mol) c6 nang luong
ciing kha thap duoc tao thanh tir duy nhat mot con
duong thong qua TS 10/P7 (-409,3 kJ/mol).

Dang cha y trén bé mit thé nang CH+HCOH
con ¢6 2 san pham méi 1a P1 (-276,0 kJ/mol) va P4
(-271,3 kJ/mol). Ning luong ciia cic san phdm nay
déu cao hon so voi P2, P3, P5, P6, P7 va con duong
hinh thanh ching déu phai di qua nhitng TS ¢6 ning
luong 16n hon nhung céac gia tri nay van thip hon rat
nhiéu so vé&i cic chat tham gia phan tung ban dau
cling nhu 2 TS cia giai doan dau tién 1a TS 1/3 va
2/4 nén c6 thé két luan 1a cac san pham P1, P4 hoan
toan co thé sinh ra khi di tr hé phan tng
CH+HCOH. Sy hinh thanh P1 phai di qua TS 4/P1
(-237,3 kJ/mol) 1a TS c6 ning lugng cao nhat khi
hinh thanh cac san pham nén P1 s& 1a san pham kém

Nghién cibu co ché Iy thuyét...

wu tién nhét trong tat ca cac san pham da dugc dé
cap ¢ trén.

Nhu vdy, tir cic hé chit ban dau CH+trans-
HCOH va CH+cis-HCOH, trong tién trinh phan tng,
chi khi di qua 2 TS tuong Gng 1a 1/3 (+63,2 kJ/mol)
va 2/4 (+65,1 kJ/mol) c6 ning luong tuong dbi cao.
Nhung xét trong diéu kién phan tmg d6t chay & nhiét
dd cao thi véi cac mirc hang rao nang lugng do, hé
chat phan mg déu co6 thé vuot qua dé hinh thanh tat
ca cac san phim P1 +P7.

Céc thong sO nhiét dong nhu hi€u Gng nhiét
(AH) va thé dang nhiét dang ap (AG) ctua mdt phan
g ciing c6 thé dugc xac dinh bang 1y thuyét [12].
Cac gia tri nay cua 8 phan tng hinh thanh cac san
phiam P1+P7 va CH,CHO tir CH+H,C=0 dugc chi
ra ¢ bang 2. Giéa tri tinh dugc theo ly thuyet khéng
chénh 1éch nhiéu so véi thyc nghiém. Két qua nay
mot 1an nita ching té viée sir dung cac phuong phap
tinh & trén 1a phu hop va nhiing thong tin két qua
dua ra tir bai bao nay la hoan toan dang tin cdy. Hiéu
mg nhiét va thé dang nhiét dang ap cta cac phan
tmg trén déu co gia tri 4m nén chung déu thuan loi
vé mat nhiét dong. Su tao thanh P2 ¢6 AG = -104,6
kJ/mol 4m nhat nén viéc khang dinh P2 1a san pham
dwoc uu tién nhét da dé cap ¢ trén trong hé phan tng
nay la hoan toan dung.

Bdng 2: Gia tri hiéu tmg nhiét va thé dang nhiét déng ap

Phan ting AH, kJ/mol , Két qua tinh AG,

Tham khao [8] Két qua tinh kJ/mol

CH + H,C=0 — CH, + HCO -11,6 -14,5 -16,2

CH + H,C=0 — CH; + CO -105,9 -104,5 -104,6

CH + H,C=0 — H,CCO +H -73,6 -70,2 67,7

CH + H,C=0 — H, + CCHO -13,3 -12,7

CH + H,C=0 — C,H + H,0 28,4 28,7

CH + H,C=0 — HCCOH + H -343 -31,9

CH + H,C=0 — C,H, + OH -51,8 -48,6

CH + H,C=0 — CH,CHO -109,6 -111,8 -102,0

4. KET LUAN

Toan bd co ché phan tng cia géc CH vdi trans-
va cis-hidroximetylen da dugc thlet lap. Cac cau triuc
cuc tiéu, trang thai chuyen tiép déu duoc xac dinh
hinh hoc. 7 san pham chira cac phéan tir nho gém:
CH, + HCO, CH; + CO, H,CCO +H, H, + CCHO,
C,H + H,0, HCCOH + H va C;H, + OH déu c6 thé
duoc hinh thanh tir hé chat ban dau la CH+HCOH
dugc 1y giai mot cach chi tiét day du. Thong s6 nhiét
dong vé& hiéu tng nhiét va thé ding nhiét ding ap
ctia 8 duong phan (mg tao thanh cac san pham tir h¢
chat ban dau 1a CH+H,C=0 ciing dugc tinh toan.
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San phdm CH; + CO la san phim dé& dugc hinh
thanh nhét, nguoc lai san pham CH, + HCO 1la san
pham kho tao ra nhét trong hé phan tng ctia gbc CH
v0i trans- va cis-hidroximetylen.
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