Tap chi Khoa hoc Pai hoc Béng Thap, Tap 14, Sé 2, 2025, 67-73

NGHIEN CUU LY THUYET PHAN UNG
GIUA GOC PROPYNYLIDYNE
VOI PHAN TU ACETIC ACID

Tran Qudc Tri"* va Pham Thi Kim Thoa??
'Khoa Sw pham Khoa hoc tw nhién, Truong Su pham, Truong Dai hoc Déng Thap, Viét Nam
’Hoc vién cao hoc, Truong Pai hoc Déng Thap, Viét Nam
3Truong THCS va THPT Dinh An, huyén Go Quao, Kién Giang, Viét Nam
*Téc gia lién hé: Tran Quoc Tri, Email: tqtri@dthu.edu.vn
Lich swr bai bao
Ngay nhan: 20/12/2024; Ngay nhdan chinh swa: 30/12/2024,; Ngay duyét dang: 31/12/2024
Tém tit
Phan tmg ciia goc propynylldyne (C,H) va acetic acid (CH,COOH) da dwoc nghién ciru bang ly thuyet
phiém ham mdt d¢ (DFT) véi phiém ham B3LYP su’ dung bo ham co s¢ 6-311++G(d,p). Bé mdt thé nang
(PES) cua h¢ C.H + CH,COOH, cung cdc thong so nhzet dong hoc cho cac dwong phan wng da dwoc thiét lap
va tinh todn chi tiét. Két qua tinh 5 diong phan iing cho biét san pham ciia phan g nay cé thé la (1- CCCH,
+CH ,COOH), (I-CCCH, + CH COO) (c-CCCH, + C H,COOH), (¢-CCCH, + CH COO) (CﬂCOOH+
CHS) Trong do, su tao thanh (c-CCCH, + CH COOH) la thudn loi nhat. Nghzen cuu nay la mot dong gop
cho sie hiéu biét thém vé kha ndng phan wng cua goc propynylzdyne voi phdn tir nho trong khi quyén va hoa

hoc dot chdy. Piéu nay gitip tang hiéu biét vé co ché phan iing héa hoc va cé thé hiedng dan cho viéc thiét
ké cdc phan vmg héa hoc méi va hiéu qua hon trong twong lai.
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Abstract
The reaction of propynylidyne radical (C,H) and acetic acid (CH,COOH) was studied by density
functional theory (DFT) with B3LYP functional using 6-311++G(d,p) basis set. The potential energy surface
(PES) of the system C,H + CH,COOH, along with the thermodynamic parameters for the reaction paths were
established and calculated in detail. The results of calculating 5 reaction paths possibly produced (I-CCCH,
+ CH,COOH), (I-CCCH, + CH3COO), (c-CCCH, + CH,COOH), (c-CCCH, + CH3COO), (C.HCOOH
+ CHJ Of these, the formation of (c-CCCH, + C'HZCOOH) is the most favorable. This study provides
the understanding of the reactivity of propynylidyne radicals with small molecules in the atmosphere and

combustion chemistry. It increases the insights of the chemical reaction mechanism and may guide the design
of new and more efficient chemical reactions in the future.
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1. Giéi thiéu

Acetic acid hay con goi 1a ethanoic 1a hop chat
hiru co dién hinh ciia diy dong dang mono carboxylic
acid. Acetic acid 1a nguyén liéu khoi dau dé tong
hop nén nhiéu san pham nhu sgi vinyl acetate,
soi cellulose acetate, alhydride acetic... Acetic
acid gdbm nhoém methyl (-CH ;) lién két v6i nhom
carboxyl (-COOH) ¢6 cong thuc hoa hoc CH,COOH
(PubChem, 2024) va cong thirc ciu tao 1a:
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Chu tric 3D Chu truc 2D
Hinh 1. CAu trac 3D va 2D cia acetic acid

CAu trac tinh thé cia acetic acid duoc xac dinh
bang tia X k¥ thuat nhidu xa va phuong phéap sang loc
c6 dién tich nho nhét. Trong tinh thé, cac phan tir acid
dugc lién két v6i nhau bang lién két hydrogen va luc
twong tc Vanderwaals (Jones, 1956). Trong thé ky thir
VIII, Jabir Ibn Hayyan (Geber) 1a nguoi dau tién co
dong acetic acid tir giam an bang phuong phép chung
cat. Nam 1847, nha hoa hoc Dirc Hermann Kolbe lan
dau tién da tong hop acetic acid tir cac vat liéu vo co.
Nam 1910, hau hét cac acetic acid dwoc san xut tir viée
chung cit gb tir san pham trung gian 13 ruou chung cat
tir gb. Acetic acid dugc phat hién trong nguén Heimat
phan tir 16n Sgr B2 bang cach st dung Mang Berkeley
-Illinois-Maryland (BIMA) va Mang Millimeter cta
Dai quan sat vo tuyén Caltech Owens Valley (OVRO)
(David & cs., 1997). Ham thé ning lién phan tr da
duoc phat trién cho acetic acid & dinh dang OPLS bang
cach thuc hién mé phong Monte Carlo cho acetic acid
long & 25°C va 100°C. Két qua tinh toan da cung cap
thong tin vé nang luong va cdu trac c6 gia tri (Briggs
& ¢s.,1991). Nghién ctru dong hoc gitta CH,COOH
voi H O, / H" (Nguyen & cs., 2018) va co ché phan
ung cua acetic acid voi Cl, OH (Singleton & cs., 1989;
Stephan & cs., 1990), sy hinh thanh gdc acetyl trong
don tinh thé acetic acid dugc chiéu xa bang quang phd
ESR (Na & cs., 1994) da dugc nghién ctu.

Propynylidyne da dugc tim thiy & khoang khong
gian, trong dam may tdi den gitra cac vi sao va duoc
cong bd boi Thaddeus va cong su (Thaddeus & cs.,
1985). Hai dang ddng phén cua C3H da duoc quan sat

thiy 1a dang tuyén tinh (z-ch) va dang vong (c-C,H)
trong cac moi truorng gitta cc vi sao khac nhau (Ding
& cs., 2001). Dong phan dang tuyén tinh (Z C ,H) lan
dau tién duoc phat hién va nghién ctru bang quang
phé vi séng trong phong thi nghiém (Thaddeus &
cs.,1985) Vf‘l ddng phan dang vong (c-C,H)) ciing
dugc tim thay trong phong thi nghiém va trong khong
gian (Yamamoto & cs., 1987) voi dang vong 1a 6n
dinh nhit. Hai dang ciu trac cta gbc C,H.
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Hinh 2. Hai dang ciu tric ciia gbc C;H
Phan tmg cua gbe C,H véi cac phan tfr’chét vo
co nhiing nam gan day bang ly thuyét phiém ham
mat 6 B3LYP/6-311++G(d,p) va cac cach tinh & cap
d6 cao hon nhu CCSD(T)/6-311G(2d,p); QCISD/6-
311G(d,p); QCISD(T)/6-311+G(3df,2p), CCSD(T)/
augcc-pVTZ,... dd duge nhiéu nhoém nghién ciru thuc
hién. Cu thé nhu trong nghién ciru phan ting trong hé
C,H + S cua JR Flores va FJ Gomez, 2001; C,H +
H,O ctia Hao Dong, Yi-Hong-Ding, Chia-Chung Sun,
2005; C,H + NO cua Hong-Bin Xie, Yi-Hong Ding,
Chia-Chung Sun, (Xie &cs., 2006); hay C.H + O, cta
Zhu va cong su (Zhu & cs., 2013)... Két qua cua cac
nghién ctru nay dong gop dang ké cho sy hiéu biét vé
goc C,H trong qua trinh dét chay va khong gian gitta
cac hanh tinh. Mt khac, day goc tu do C H dugce sinh
ra trong qua trinh d6t chdy hoa hoc ma dién hinh 1a
gbe C,H da dugc nghién ctru ky hrfrng ca bang thuc
nghiém valy thnyét: phan ung cua goc ethynyl (C,H)
véi cac hop chz‘}t R-CN, R-OH, HCOOH (R:H,CH,
H....) boi Tran Quoc Tri va Nguyen Thi Minh Hug;
nghién ctu thuc nghiém bdi Nizamov, B., Leone,
S.R... va cac nhém nghién ctru khac (Tran & Nguyén,
2011; Nizamov, & Leone 2004). Do d6, nghién ctru
ly thuyét phan mg cua gbc propynyhdyne (C H) voi
acetlc acid (CH,COOH) la gdp phan mo rong hiéu
biét vé phan ting ctia loai gbc C Hnay. Trong bai viét
nay chung toi trinh bay cac két qua khao sat phan img
tach tryuc tiép 4 nguyén tir hydro gen va phan ting cong
tach trong phan tng giita gbc propynylidyne (C H)
voi acetic acid (CH,COOH).
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2. Phuong phap tinh

Trén co s& cac tai li¢u tham khao cac cong trinh
nghién ctru vé co ché phan mg, chung t6i lya chon
ly thuyét phiém ham mat do voi phiém ham B3LYP
cung bd co s 6-311++G(d,p) dé thuc hién toan bd cac
tinh toan. Céc tinh toan duoc tién hanh trén phan mém
Gaussian 09 (Tr?m & Tréan, 2017; Foresman & Frisch,
2016), két hop cac phan mém hd trg nhu: Gaussview
05 (Frisch & cs.., 2009), Chemcraft, Chemoffice.

CAu trtc hinh hoc cua céc chat phan @ ng (RA)
cac chat trung glan (IM), trang thai chuyen tiép
(TS) va cac san pham (PR) déu duoc tdi wu hod ly
thuyét phiém ham mat d6 (DFT) sir dung phan mém
Gaussian 09 v6i phiém ham B3LYP (Foresman &
Frisch, 2016) va bd ham co s¢ 6- 311++G(d,p).Trong
do, trang thai chuyén tiép ding duoc xac dinh bing
viéc phén tich tan sé dao dong, d6 nhidu spin (S?) va
toa do thuc ctia phan tng. Nang lugng diém don ciing
dugc tinh & mirc B3LYP/6-311++g(d,p). Tir két qua
tinh toan s& thiét 1ap dugc bé mit thé nang, xac dinh
duogc cac thong s6 nhiét ddong hoc cua cac duong phan
ung trong hé va la co s cho cac nhan xét, danh gia
vé kha nang phan (mg cua cac dudng phan ung du
kién trong h¢ chat nghién ctru.
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3. Két qua va thao luan
3.1. Du kién so' d0 phén wng va ciu tric
hinh hgc
) Cac hudng phan g dugc khao sat va mo ta chi
tiét trong hinh 3 va hinh 4

TS1 PR1
LCH ¢ CH;COV’ (-C:CH: + CH:COOH)
RA1
\ O
(1-C:CH; + CHsCO0)

Hinh 3. So d6 phén {ng cia gbc I-CSH
va CH,COOH

PR3
(e-C;CH; + CH:COOQH)

TS3

¢C:H + CH;COOH

RA2 TS4

PR4
(c-C2CH: + CH3COO)

2

TS5 —» IMI —» TS51——» PRS
(CH; + C;HCOOH)

Hinh 4. So d6 phan ng cia gdc c-C3H
va CH,COOH
3.2. Céu tric hinh hoc ciia trang thai chuyén
tiép va san phflm trung gian
Céu trtc hinh hoc ciia san pham trung gian (IM)
va trang thai chuyén tiép (TS) duoc tinh toan chi tiét
thé hién & hinh 5 dudi day:
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Hinh 5. Céu triic hinh hoc ciia IM va TS
[Pé dai lién két (), gc lién két (o), dau cham thay cho dau phdy chi phan thip phén]

3.3. Két qua tinh toan

Gitra hai dang dong phén ciu tao ctia goc C H
c6 su khac biét vé nang lwong, qua trinh dong phan
hoa thé hién qua cin bang: I-CCCH(g) c-CH(CC)(g)
Su chuyén hoa giira hai d6ng phan xuét hién trang

70

thai chuyén tiép c6 ning luong twong ddi la 1181
kJ/mol va mtc nang lugng khac biét gitta chung la
nho va bang 4,6 kJ/mol. Nhu vay trong hé chat phan
g hai dang dong phan nay co thé cliing ton tai va
su chuyén hoa giita ching theo can bang trén 1a kha
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khé do hang rao ning lwong twong ddi cao (Tran &
T6,2024). Mat khac cac thong s6 nhiét dong hoc cua
qué trinh: AH°= 1,8 kJ/mol; AS° = -2,1 J/mol.K va
AG°= 2,4 kJ/mol ciing x4c nhan kha ning d6 (Tran
& T6, 2024).

3.3.1. Phan ing tach truc tiép nguyén tir
hydrogen.

Phan tmng tach truc tiép nguyén tir hydrogen tao

nén san pham nhu so do sau:

1-C5H + CH:COOH — 22— 1.CCCH, + CHCOOH (1)

[-C3H + CH3COOH — 225 1.CCCHa + CH:COO  (2)
¢-C3H + CH3COOH — 223 ¢-CCCH, + CH.COOH  (3)

c-C3H + CH3COOH) i} ¢-C2CHz + CH3COO  (4)

Dé tao san pham PRI, nguyén tir hydrogen &
nl}ém CH, trong phén t}“r CH,COOH, bi tach ra véi
goc C,H tao nén san pham (/-CCCH, + CH,COOH).
O duong phan tmg nay, hé chat phan tmg phai di qua
trang thai chuyén tiép TS1. Tai day, do dai lién két
C-H trong nhém CH, dan bi dirtra1a 1,394 A, lién két
H-C méi dang hinh thanh 13 1,317 A, d6 nhiéu spin
S?= 0,77 va hang rao nang luong 1a 25,7 kJ/mol. Khi
hé chat phan (mg trai qua trang thai chuyén tiép TS2,
nguyén tir hydrogen dugc tach tr nhdém COOH cua
phan tir CH,COOH tao ra san pham PR2 (I-CCCH,
+ CH,COO). Lién két O-H trong trang thai chuyén
tiép TS2 1a 1,280 A bi dirt ra va lién két H-C méi hinh
thanh 1a 1,272 A. Khi so sanh véi trang thai chuyén
tiép TS1 cho thay lién két H-C méi hinh thanh & day
hoi dai hon (1,317 so voi 1,272 A) va hang rao ning
luong cua phan ung nay 1a 56,5 kJ/mol gia tri nay
cao hon so v&i phan mg tao san pham PR1. Cin cir
vao gia tri hang rao nang luong, phan tng tach tryc
tiép nguyén tr hydrogen ctia nhom CH, dé hon so
vo6i tach hydrogen trong nhém COOH.

Trong phan rng tach nguyén tir hydrogen tao ra
san pham ¢-HCCCH (so d6 3) hé chit trai qua trang
thai chuyén tiép c6 nang luong thip hon so véi tao
thanh san phim I-CCCH, (so d6 1). Trang thai chuyén
tiép TS3 voi s tach H cua CH,COOH va lién két v6i
C, trong goc c-C,H tao thanh san pham PR3 (c-CCCH,
+ CH,COOH). Khoang cach C-H trong trang thai
chuyén tiép TS3 14 1,313 A bi dut ra va chuan bi hinh
thanh lién két C -H cuia goc ¢-C,H 12 1,388 A va su
phan li lién két C-H ctia nhom CH,. Hang rao nang
lwong cua phan tmg nay 1a -23,8 kJ/mol. O trang thai

chuyén tiép TS4 tng véi su tach nguyén tir H cua
nhom COOH tao thanh san pham PR4 (c-CZCHZWJr
CH3COO). Khoéng cach O—H trong trang thai chuyép
tiép TS4 ung vai su phan cat va hinh thanh lién két
C-H1a 1,156 A va 1,422 A. Hang rao ning lugng
ctia phan tng nay 1a 7,0 kJ/mol. Két qua tinh bé mat
thé niang cho thay theo so d6 (3) va (4) muic do khac
nhau ctia phan tmg tach truc tiép nguyén tir hydrogen
H & nhém CH*3 so voi tach & nhom COOH 1a ¢o su
khac bi¢t ca vé hang rao nang luong va nang luong
cua toan bg qua trinh. Cu thé theo so dd (3), hang rao
nang luong la 37,0 kJ/mol cao hon 30,0 kJ/mol ¢ so
dd (4). Trong khi d6, dudng phan tmg (3) 13 phan ng
tda nhiét, nhung phan tng (4) 1a phan trng thu nhiét.
Su khac biét d6 co6 thé dugc giai thich la do su khac
nhau vé ning luong lién két C-H so v6i ning luong
lién két O-H va su khéc nhau vé cAu trac hinh hoc &
trang thai chuyén tiép va san pham phan tng.
3.3.2. Phan irng céng - tach nhiéu giai doan.

‘ Phan ung chg nhém COOH vao géc c—C3H
d@ng thoi tach goc CH, tao nén san pham nhu so
do sau:

c-C;H + CH;COOH —2 5 ¢-C;HC(OOH)CH;
(M1) —B¥ 5 C;HCOOH + CH;,

Phan rng nay xay ra hai giai doan: Giai doan 1, tur
chat phan g tao thanh san pham trung gian IM1 théng
qua trang thai chuyén tiép TS5. Giai doan nay trang
thai chuyén tiép TS5 C, trong gbc c-C3H tan cong vao
C, ctia nhom COOH hinh thanh lién ket C-C 1a 1,946
A, hang rao ning lugng 67,3 kJ/mol, ¢6 tin s6 4o duy
nhat 12 i 456,75 cm, d6 nhiéu spin S, = 0,76 ching
t0 0 hinh thanh lién két gitra goc c-C,H voi C trong
nhom COOH cua phéan tdt CH,COOH ¢6 d6 dai 1,527
A tao thanh san pham trung gian IM1 (c-C,HC(OOH)
CH,), c6 hang rao nang luong 36,0 kJ/mol nén IM1 c6
thé c6 mit trong san pham ctia hé.

Giai doan 2, sau khi IM1 duoc hinh thanh, lién
két C,-C , trong IMI dan cét dut, chuyén sang trang
thai chuyén tiep TS5/1. Trang thai chuyén tiep TS5/1
lién két C,-C, bi dutra la 2,019 A, 6 hang rao nang
lugng 1a 61,3 kJ/mol, c6 mot tan so ao duy nhat 1a i
460,97 cm"‘, va do nhiéu spir} S,=0,76, tng v&i sy cat
duat liér} ké‘g C,-C, tu san pham trung gian IM1 thanh
san pham CH, va c-CCHCCOOH, phan tng ni}y (5(')
hang rao nang lugng 16,2 kJ/mol. Céac thong so cau
trac da tdi wu hoa cia TS5 va TS5/1 phu hop véi ciu
trac hinh hoc cua trang thai chuyén tiép.
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Két qua chi tiét bé mat thé ning cua 5 dudng
phan trng duogc trinh bay ¢ hinh 6.

Tu nhiing s6 liéu thu duoc cta bé mat thé nang
ctia hé phan tmg, két hop v6i quan diém thuyét trang
thai chuyén tiép ciia dong hoéa hoc ching ta thiy,
duong phan tng PR3, PR4 ¢6 vu thé hon cac dudng
phan ting con lai. Tir bé mit thé ning, ta ciing biét
duoc, cac duong phan tng 1, 2, 4, 5 1a phan (rng thu
nhiét con duong phan tng 3 la phan ng toa nhigét.
Két qua tinh toan nay phu hop véi cac nghién ciru
truée vé kha ning phan ung tach truc tiép nguyén
tir hydrogen cua ddng phan mach vong. Vé mit
dong hoc, kha nang xay ra phér} ung trong I}é C3H
va CH,COOH da khao sat c6 thé duge sap xep theo
thir tu vu tién sau: PR4 > PR3 > PR5 > PR2 > PRI1.
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Hinh 6. B& miit thé niing ciia cic dudng phan ting
gitta C,H va CH,COOH
3.3.3. Nhiét dong hoc cua sw hinh thanh san phcfm
Két qua tinh cac tham s6 nhiét dong hoc ¢ diéu
kién chuan cho tat ca cac duong phan tng duogc trinh
bay trong bang 1
Bing 1. Thong sb nhiét dong hoc
ciia 5 dwong phan ting

Puing AHY, ASSq AGq
phining  (kJ/mol)  (J/molK)  (kJ/mol)
PRI 23,9 143 25,6
PR2 53,4 7.2 57,2
PR3 24,8 7,2 21,2
PR4 4,7 0.5 10,5
PRS 19,4 8,8 22,7

Tu gia tri cac thong sb nhiét dong hoc cua 5
duong phan tng trong hé C,H va CH,COOH ta
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thiy: dudng phan tmg 3 c6 AGY,, <0 ching t6 phan
ling c6 thé xay ra & diéu kién chuan va AHS,, <0
nén phan tng toa nhiét. Bén duong phan tmg 1, 2,
4, 5 1 phan mg thu nhiét va khong xay ra ¢ diéu
kién chuan, vi cac phan tng nay déu c6 AHS,, > 0,
ASy. >0 va AGY,, > 0. Két qua tinh toén ciing cho
phép du doan cac phan tmg 1, 2, 4, 5 ¢6 thé xay ra
0 nhiét d0 cao hon, trong khi d6 phan ing 3 uu tién
& nhiét do thap.

Xét theo gia tri AG),,, muc d§ uu tién cia cac
phan g c6 thé duoc sap xép theo thir tu: PR3 > PR4
>PR5 > PR1 > PR2.

Dbi chiéu két qua tinh bé mat thé nang va tinh
nhiét dong hoc chi ra murc do uvu tién clia cac duong
phan tng trong hé CSH v6i CH,COOH phu hop t6t
v6i nhau.

4. Két ludn

Trén co so két qua tinh tdi vu héa hinh hoc va
ning lugng di xac dinh dugc cac thong sé cau trac
nhu do dai lién két, goc lién két, gia tri nang lugng,
tan s6 dao dong, nang lugng diém khong, cac thong
s nhigt dong hoc ( AHY,; ASS, va AGS,,). Da xay
dung bé mit thé ning cho tat ca cac duong phan tng
khao sat. Cé 5 san pham c6 thé dwoc hinh thanh, trong
d6 san pham cua duong phan tmg sb 3 (c-CCCH, +
CH,COOH) 1a thuén lgi nhat ca vé dong hoc va nhiét
dong hoc.

Dua vao két qua tinh bé mit thé nang c6 thé sap
xép murc d6 vu tién cua cic phan tng xay ra nhu sau:
PR4 > PR3 > PR5 > PR2 > PR1. Dya vao két qua
tinh nhiét dong hoc mirc dg uu ti€n cua cac phan tng
c¢6 thé dugc sip xép theo thir ty: PR3 > PR4 > PR5
> PR1 > PR2. Nhur vay, két qua khao sat trén bé mat
thé nang (phuong dién dong hoc) va tinh nhiét dong
hoc 1a phu hop tot v6i nhau, cho thdy dudng phan
ung s6 3 va 4 thuén loi hon.

Pi so sanh kha ning phan tmg tach truc tiép
nguyeén tir hydrogen ¢ nhom CH, va COOH cua gbe
C,H ¢ dang mach h¢ va mach vong cho thay kha
nang phan ung tach tryc tiép nguyén tir hydrogen &
ddng phan dang vong thuan loi hon dang mach ho.
Déi voi ddng phan mach vong, phan tng tach truc
tiép nguyén tir hydrogen trong nhém CH, thuan lgi
hon vé mat nhiét dong hoc, trong nhom COOH lai
thuén loi hon vé mat dong hoc.



Tap chi Khoa hoc Pai hoc Béng Thap, Tap 14, Sé 2, 2025, 67-73

Tai liéu tham khao

Briggs, J. M., Nguyen, T. B., & Jorgensen, W. L.
(1991). Monte Carlo simulations of liquid acetic
acid and methyl acetate with the OPLS potential
functions. The Journal of Physical Chemistry,
95(8), 3315-3322. https://doi.org/10.1021/
j100161a065.

Ding, H., Pino, T., Giithe, F., & Maier, J. P. (2001).
Gas phase electronic spectrum of C.H in the
visible. The Journal of Chemical Physics,
115(15), 6913-6919.

Dong, H., Ding, Y. H., & Sun, C. C. (2005). Radical-
molecule reaction C,;H+ H,O: A mechanistic
study. The Journal of Chemical Physics, 122(6).
064303. https://doi.org/10.1063/1.1844301.

Flores, J. R., & Gomez, F. J. (2001). A theoretical
study of the S+ C,H reaction: Potential energy
surfaces. The Journal of Physical Chemistry A,
105(45),10384-10392. https://doi.org/10.1021/
jp011532k.

Frisch, A., Hratchian, H. P., Dennington li R. D.,
Keith, T. A., Millam, J., Nielsen, A. B., Holder,
A. J., & Hiscocks, J. (2009). GaussView 5.0
Reference Gaussian. Inc. Walling.

Foresman J. B., & Frisch, E. (2016). Exploring
chemistry with electronic structure methods, 3™
Edition, Gaussian. Inc, Wallingford, CTUSA.

Jones, R. E. (1956). The crystal structure of acetic acid.
University of California Radiation Laboratory.

Hu, N., & Green, S. A. (2014). Acetyl radical
generation in cigarette smoke: Quantification
and simulations. Atmospheric Environment,
95, 142-150.

Koch, S., & Moortgat, G. K. (1990). Rate and
mechanism of the reaction CI + CH,COOH.
Chemical Physics Letters, 173(5-6), 531-536.

Mehringer, D. M., Snyder, L. E., Miao, Y., & Lovas,
F. J. (1997). Detection and confirmation of
interstellar acetic acid. The Astrophysical Journal,
480(1), L71. https://doi.org/10.1086/310612.

Nguyén, T. K. G., Tran, T. H. Y., Nguyén, H. T.,
Nguyén, T. H., Cao, T.H., L&, V. C., & Vi, N.
D. (2018). Dong hoc hinh thanh CH,COOH tir
phan ung CH,COOH + H,0O, trong sy ¢6 mat
cua ion H*. Tap chi Hoa hoc, 34(2) 91-95.

Nizamov, B., & Leone, S. R. (2004). Kinetics of C,H
reactions with hydrocarbons and nitriles in the
104- 296 K temperature range. The Journal of
Physical Chemistry A, 108(10), 1746-1752.

PubChem, (2024). Acetic acid. https://pubchem.ncbi.
nlm.nih.gov/compound/176.

Singleton, D. L., Paraskevopoulos, G., & Irwin, R. S.
(1989). Rates and mechanism of the reactions of
hydroxyl radicals with acetic, deuterated acetic,
and propionic acids in the gas phase. Journal
of the American Chemical Society, 111(14),
5248-5251.

Thaddeus, P., Gottlieb, C. A., Hjalmarson, A.,
Johansson, L. E. B., Irvine, W. M., Friberg, P., &
Linke, R. A. (1985). Astronomical identification
of the C,H radical. Astrophysical Journal, Part
2-Letters to the Editor (ISSN 0004-637X), 294,
L49-1.53.

Tran, Q. T., & Nguyén, T. M. H. (2011). Khao sat
li thuyét kha ning phan mg trong pha khi gitra
C,Hva HCOOH. Tap chi Hoa hoc, 49(2ABC),
345-351.

Tran, Q. T., & T6, Q. V. (2024). Nghién ctru Ii thuyét
co ché phan tng gitra gdc propynylidyne (C3H)
va phan tir propanenit‘rile (C,H.CN). Tap chi
Khoa hoc Pai hoc Pong Thap, 13(2), 91-98.
https://doi.org/10.52714/dthu.13.2.2024.1238.

Xie, H. B., Ding, Y. H., & Sun, C. C. (2006). Radical
reaction C,;H+NO: A mechanistic study. Journal
of Computational Chemistry, 27(5), 641-660.
https://doi.org/10.1002/jcc.20367.

Zhu, W. W., Jin, L., Cui, Z. H., Zhang, S. W., & Ding,
Y. H. (2013). Understanding the oxidation of
the tricarbon radical C,H: A reaction pathway
survey. International Journal of Quantum
Chemistry, 113(23), 2506-2513. https://doi.
org/10.1002/qua.24490.

Yamamoto, S., Saito, S., Ohishi, M., Suzuki, H.,
Ishikawa, S. I., Kaifu, N., & Murakami, A.
(1987). Laboratory and astronomical detection
of the cyclic C,H radical. Astrophysical Journal,
Part 2-Letters to the Editor (ISSN 0004-637X),
vol. 322, Nov. 1, 1987, p. L55-L58. Research
supported by the Inoue Foundation for Science
and Japan Society for the Promotion of Science.,
322, L55-L58.

73





