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Tém tiit
Phan 4ng cua goc propynylidyne (C3H) va acetic acid (CH;COOH) da duoc nghién ciu bang Iy thuyét phiém
ham mdr d¢ (DFT) vaéi phiem ham B3LYP sur dung bg ham co so 6-311++G(d,p). Be mat the nang (PES) cua he CsH
+ CH3COOH, cung céac théng so nhiét dong hoc cho cdac diwong phan g da dwroc thiét Idp va tinh toan chi tiet. Ket
qua tinh 5 dwong phan #ng cho biét san pham cua phan ing nay cé thé la (I-CCCH, + CH,COOH), (I-CCCH; +
CH3C00), (c-CCCH; + CH,COOH), (c-CCCH, + CH3COO0), (C3HCOOH + CHs). Trong dé, sw tao thanh (c-
CCCH: + CH,COOH) |a thudn lgi nhat. Nghién citu nay la mgt dong gdp cho su hiéu biét thém vé khd nang phdn
ung cua goc propynylidyne voi phan tir nho trong khi quyén va héa hoc dot chdy. Diéu nay gilp tang hiéu biét vé co
ché phan ung héa hoc va co thé hwong dan cho viéc thiét ké cdac phan uwng héa hoc moi va hiéu qua hon trong tuong
lai.
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Abstract

The reaction of propynylidyne radical (CsH) 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
C3H + CH3;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; + C H,COOH), (I-CCCH; +
CHsCOO), (c-CCCH; + C H,COOH), (c-CCCH; + CH3;COO ), (C3HCOOH + C Hjs). Of these, the formation of (c-
CCCH; + C H.COOH) 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.

Keywords: Acetic acid, density functional theory (DFT), propynylidyne radical.
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1. Gi6i thiéu

Acetic acid hay con goi la ethanoic 1a hop chit hiu
co dién hinh cia diy dong dang mono carboxylic acid.
Acetic acid 1a nguyén liéu khoi dau dé tong hop nén
nhiéu san pham nhu soi vinyl acetate, soi cellulose
acetate, alhydride acetic... Acetic acid gdm nhom methyl
(-CHs) lién két véi nhém carboxyl (-COOH) c6 cong
thirc hoé hoc CHsCOOH (PubChem, 2024) va cong thiic
cAu tao la:

< r ©
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‘ oOH
Céu trac 3D Céu trac 2D

Hinh 1. C4u trdc 3D va 2D cia acetic acid

C4u trlc tinh thé cua acetic acid dugc xac dinh bang
tia X ky thuat nhiéu xa va phuong phap sang loc c6 dién
tich nho nhat. Trong tinh thé, cac phan tir acid duoc lién
két v6i nhau bang lién két hydrogen va luc twong tac
Vanderwaals (Jones, 1956). Trong thé ky thir VIII, Jabir
Ibn Hayyan (Geber) la nguoi dau tién co dong acetic acid
tir gidm an bang phuong phap chung cit. Nam 1847, nha
hoa hoc Puc Hermann Kolbe lan dau tién da tong hop
acetic acid tir cac vat liéu vo co. Nam 1910, hau hét cac
acetic acid dugc san xuat tir viéc chung cit gd tir san
phdm trung gian 14 ruou chung cat tir gd. Acetic acid
duoc phét hién trong nguon Heimat phan ter 16n Sgr B2
bang cach st dung Mang Berkeley -lllinois-Maryland
(BIMA) va Mang Millimeter cua Dai quan sat vo tuyén
Caltech Owens Valley (OVRO) (David et al., 1997).
Ham thé ning lién phén tir d3 dwoc phét trién cho acetic
acid & dinh dang OPLS bang céch thyc hién mo phong
Monte Carlo cho acetic acid long ¢ 25°C va 100°C. Két
qua tinh toan da cung cap théng tin vé nang luong va ciu
trdc c6 gia tri (Briggs & cs.,1991). Nghién ctru dong hoc
gitta CH3sCOOH voéi H,0, / H* (Nguyén & cs., 2018) va
co ché phan ung cua acetic acid véi Cl, OH (Singleton &
cs., 1989; Stephan & cs., 1990), su hinh thanh gdc acetyl
trong don tinh thé acetic acid dwoc chiéu xa bang quang
phd ESR (Na et al., 1994) da duoc nghién ciu.

Propynylidyne di duoc tim thdy ¢ khoang khong
gian, trong dam may tbi den giita cac vi sao va duoc
cong bd boi Thaddeus va cong sy (Thaddeus & cs.,
1985). Hai dang dong phan cia C3H da dugc quan sat
thdy l1a dang tuyén tinh (I-CsH) va dang vong (c-CsH)
trong cac moi truedng gitra cac vi sao khac nhau (Ding &
cs., 2001). Bong phan dang tuyén tinh (I-CsH) lan dau
tlen dugc phat hién va nghién cau bing quang phd vi
song trong phong thi nghiém (Thaddeus & cs.,1985) va
ddng phan dang vong (c-CsH)) ciing duoc tim thiy trong
phong thi nghiém va trong khéng gian (Yamamoto & cs.,

1987) véi dang vong la 6n dinh nht. Hai dang cau triic
cua goc CzH.
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Hinh 2. Hai dang cau tric caa goc CsH

Phan g cua géc CsH voi cac phan tir chat vo co
nhitng ndm gan day bang ly thuyét phiém ham mat do
B3LYP/6-311++G(d,p) va cac cach tinh & cap do 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, .
da dwgc nhiéu nhém nghién cau thuc hién. Cu thé nhu:
trong nghién ctu phan tng trong hé CsH + S cta JR
Flores va FJ Gomez, 2001; CsH + H,O cua Hao Dong,
Yi-Hong-Ding, Chia-Chung Sun, 2005; CsH + NO cua
Hong-Bin Xie, Yi-Hong Ding, Chia-Chung Sun, (Xie
&cs., 2006); hay CsH + O, cua Zhu va cong su (Zhu &
cs., 2013)... Két qua cua cac nghién ctru nay dong gop
dang ké cho su hiéu biét vé& gbc CsH trong qua trinh dbt
chay va khong gian gitta c&c hanh tinh. Mat khac, day
géc tu do C.H duoc sinh ra trong qué trinh dét chay hoa
hoc ma dién hinh 1a gdc C.H da duoc nghién cau ky
ludng ca bang thuc nghiém va ly thuyét: phan ¢ng cua
goc ethynyl (C:H) véi cac hop chat R-CN, R-OH,
HCOOH (R: H, CHs, C;Hs...) bai Tran Quéc Tri va
Nguyén Thi Minh Hug; nghién cau thyc nghiém boi
Nizamov, B., Leone, S.R... va cac nhom nghién ciu
khéc (Tran & Nguyén, 2011; Nizamov, & Leone, 2004).
Do d6, nghién cuu ly thuyét phan tng cua gdc
propynylidyne (C3H) véi acetic acid (CH;COOH) la gop
phan mo rong hiéu biét vé phan tng cua loai goc CH
nay. Trong bai viét nay ching toi trinh bay cac két qUa
khao st phan &ng tach truc tiép 4 nguyén tir hydrogen va
phan ng cong tach trong phan ung gita gdc
propynylidyne (CsH) véi acetic acid (CH;COOH).

2. Phuwong phap tinh

Trén co sd cac tai li€u tham khdo céc cong trinh
nghién ctru vé co ché phan tGng, ching t6i lya chon Iy
thuyét phiém ham mat d¢ voi phiém ham B3LYP cung
bd co s6 6-311++G(d,p) dé thuc hién toan bd cac tinh
toan. Cac tinh toan dwoc tién hanh trén phin mém
Gaussian 09 (Tran & Tran, 2017; Foresman & Frisch,
2016), két hop cac phan mém hd tro nhu: Gaussview 05
(Frisch & cs.., 2009), Chemcraft, Chemoffice.

Céu trac hinh hoc cua cac chat phan tmg (RA), cac
chat trung gian (IM), trang thai chuyén tlep (TS) va cac
san pham (PR) déu dugc toi uu hoa ly thuyét phiém ham
mat do (DFT) str dung phan mém Gaussian 09 véi phiém
ham B3LYP (Foresman & Frisch, 2016) va bd ham co s¢
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6- 311++G(d,p).Trong d6, trang thai chuyén tiép dung
duoc xac dinh bang viéc phan tich tan s6 dao dong, do
nhiéu spin (S?) va toa do thuc cua phan tmg. Ning luong
diém don ciing dugc tinh & mirc B3LYP/6- -311++g(d,p).
Tir két qua tinh toan s& thiét lap duoc bé mit thé ning,
xac dinh duogc céc thong s6 nhiét dong hoc cua cac
duong phan tng trong hé va la co s¢ cho cac nhén xét,
danh gia v€ kha nang phan umg cua cac duong phan ing
du kién trong hé cht nghién ciru.

3. Két qua va thio luin
3.1. Dy Kkién so @0 phan g va ciu tric hinh hoc

Céc huéng phan g duoc khao sat va mo ta chi tiét
trong hinh 3 va hinh 4

1-C3H + CmcoV
RAl
\ S2— » PR2

(1-C:CHz + CH3;C00)

IS1 —— PR1

(1-C;CH;, + CH,COOH)

Hinh 3. So @6 phan wng caa goc I-CsH va

TS3 ——— > PR3

N (e-C2CH; + CH;COOH)
¢-C3H + CH;COOH

RA2 > TS4

N

Hinh 4. So d6 phan wng cia goc c-CsH va CH;COOH

PR4
(e-C2CH; + CH3C0O0)

TS5 ——» IM1 —» TS51—» PRS
(¢H;3 + C;HCOOH)

3.2. Céu triic hinh hoc ciia trang thai chuyén tiép
va san pham trung gian
Céu trac hinh hoc cua san pham trung gian (IM) va

trang thai chuyén tiép (TS) dugc tinh toan chi tiét thé
hién ¢ hinh 5 duéi day:
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Hinh 5. Céu tric hinh hoc ctia IM va TS

[P6 dai lién két (A), goc lién két (°), ddu cham thay cho dau phdy chi phan thip phdn]

3.3. Két qua tinh toan

Gilra hai dang ddng phan céu tao cua gdc CsH co
su khac biét vé nang luong, qua trinh dong phan hoa

thé hién qua can bang I-CCCH(g) c-
CH(CC)(g) Su chuyen hoa gilra hai ddng phan xut
hién trang thai chuyén tiép c6 ning luong twong dbi la
118,1 kJ/mol va mc nang lugng khac biét giira
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ching 1a nho va bang 4,6 kJ/mol. Nhu vy trong h¢
chat phan tng hai dang ddng phan nay co thé cung
ton tai va sy chuyén hoa giita ching theo can bang
trén la kha khé do hang rao ning luong tuong ddi cao
(Tran & T6, 2024). Mt khéc cac thong sb nhiét dong
hoc ctia qua trinh: AH°= 1,8 kJ/mol; AS°® = -2/1
J/mol.K va AG°= 2,4 kJ/mol cling xac nhén kha nang
do (Tran & T6, 2024).
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3.3.1. Phan img tich truc tiép nguyén ti
hydrogen.

Phan ung tach truc tlep nguyén tir hydrogen
tao nén san pham nhu so do sau:

I-CsH + CHsCOOH — 25 |-CCCHs + CH,COOH (1)
I-CsH + CHsCOOH —=2— |-CCCH, + CHsCO0  (2)
¢-CsH + CHaCOOH — 22— ¢.CCCH, + CH2COOH (3)

¢-CsH + CH3COOH) — 22— ¢-C,CH; + CHaCOO  (4)

Pé tao san pham PR1, nguyén tr hydrogen ¢ nhoém
CHastrong phﬁn tir CHsCOOH, bj tach ra véi goe CzH tao
nén san pham (I CCCH, + CH,COOH). O duong phan
Umg nay, h¢ chat phan mg phai di qua trang thai chuyén
tiép TS1. Tai day, do dai lién két C-H trong nhom CHs
dan bi dt ra 1a 1,394 A, lién két H-C mdi dang hinh
thanh la 1,317 A, @6 nhiéu spin S?= 0,77 va hang rao
nang luong 1a 25,7 kJ/mol. Khi hé chat phan tng trai qua
trang thai chuyén tiép TS2, nguyén tir hydrogen duoc
tach tir nhom COOH ctia phan tir CH3COOH tao ra san
pham PR2 (I-CCCH, + CH3COO). Lién két O-H trong
trang thai chuyén tiép TS2 1a 1,280 A bj dut 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 moi
hinh thanh & day hoi dai hon (1,317 so véi 1,272 A) va
hang rao nang lugng cua phan tng nay la 56,5 kJ/mol
gia tri nay cao hon so voi phan tng tao san pham PRI.
Céan cir vao gia tri hang rao nang lugng, phan ung tach
tryc tiép nguyén tir hydrogen cua nhém CHs d& hon so
vai tach hydrogen trong nhom COOH.

Trong phan rng tach nguyén tir hydrogen tao ra san
phim c-HCCCH (so d6 3) hé chét trai qua trang thai
chuyén tiép c6 niang lugng thdp hon so véi tao thanh san
pham I-CCCH (so d6 1). Trang thai chuyén tiép TS3 véi
su tach H cia CH3COOH va lién két véi Cy trong gdc c-
CsH tao thanh san pham PR3 (c-CCCH, + CH,COOH).
Khoang cach C-H trong trang thai chuyén tiép TS3 la
1,313 A bi dit ra va chuan bi hinh thanh lién két C;-H
ctia gbc c-C3H 14 1,388 A va sy phan li lién két C-H cta
nhom CHs. Hang rao nang lugng ctia phan tng nay 1a -
23,8 kl/mol. O trang thai chuyén tiép TS4 mg véi su
tach nguyén tir H ciia nhém COOH tao thanh san pham
PR4 (c-C,CH, + CH3COO0). Khoang cach O-H trong
trang thai chuyén tiép TS4 ung v6i sy phan cét va hinh
thanh lién két C-H 1a 1,156 A va 1,422 A. Hang rao ning
luong ctia phan tng nay 1a 7,0 kJ/mol. Két qua tinh bé
mit thé ning cho thay theo so do (3) va (4) mirc d6 khac
nhau ciia phan mg tach truc tiép nguyén tir hydrogen H
& nhdm CHs so vdi tich & nhom COOH 1a ¢6 su khac
biét ca vé hang rao ning luong va ning lugng cla toan
bd qua trinh. Cu thé theo so dd (3), hang rao ning luong
12 37,0 kJ/mol cao hon 30,0 kJ/mol & so dd (4). Trong
khi do, duong phan ung (3) la phan Ung téa nhiét, nhung

phan ung (4) 1a phan ung thu nhiét. Sy khac biét do cd
thé dugc giai thich 1a do sy khac nhau vé niang lugng lién
két C-H so voi ning lugng lién két O-H va su khac nhau
vé chu trac hinh hoc & trang thai chuyén tiép va san
pham phan tmg.

3.3.2. Phan img céng - tach nhiéu giai doan.

Phén {mg cong nhom COOH vao géc ¢-C3H
d@ng thoi tach gdec CHs tao nén san phim nhu so
do sau:

c-CsH + CH3COOH —™2 ¢-C3HC(OOH)CH;
(IM1) —222 5 C3HCOOH + CHs

Phan tng nay xay ra hai giai doan: Giai doan 1, tu
chét phan ng tao thanh san pham trung gian IM1 théng
qua trang thai chuyén tiép TS5. Giai doan nay trang thai
chuyén tiép TS5 C; trong géc c-CsH tin céng vao Cs cia
nhém COOH hinh thanh lién két C-C 1a 1,946 A, hang
rao nang lugng 67,3 kJ/mol, c6 tan s6 a0 duy nhat 1 i
456,75 cm™, @6 nhiéu spin S? = 0,76 ching to ¢ hinh
thanh lién két gitta goc c-CsH véi C trong nhém COOH
ctia phan tir CH3COOH co6 do dai 1,527 A tao thanh san
pham trung gian IM1 (c-CsHC(OOH)CHa), ¢6 hang rao
nang luong 36,0 kd/mol nén IM1 c6 thé c6 mat trong san
pham cua hé.

Giai doan 2, sau khi IM1 dugc hinh thanh, lién két
Cs-C4 trong IM1 dan cit dat, chuyén sang trang thai
chuyén tiép TS5/1. Trang thai chuyén tiép TS5/1 lién két
C4-Cs bi dut ra 12 2,019 A, c6 hang rao ning luong la
61,3 kJ/mol, c6 mot tan sb ao duy nhat 12 i 460,97 cm'?,
va d6 nhiéu spin S? = 0,76, ung V&i su cat dat lien két
Cs-C4 tir san pham trung gian IM1 thanh san pham CHs
va c-CCHCCOOH, phan ng nay c6 hang rao ndng
lwong 16,2 kd/mol. Cac théng s6 Cau trac da t6i wu hoa
cua TS5 va TS5/1 phu hop véi cau tric hinh hoc cua
trang thai chuyén tiép.

Két qua chi tiét bé mat thé ning ciia 5 dudng phan
ung duogc trinh bay ¢ hinh 6.

Tur nhitng s6 liéu thu duoc cua bé mat thé ning
ctia hé phan ung, két hop véi quan diém thuyét trang
thai chuyén tiép ciia dong héa hoc ching ta thay,
duong phan tng PR3, PR4 ¢6 uu thé hon cac duong
phan ng con lai. Tir bé mat thé ning, ta ciing biét
duoc, cac duong phan tng 1, 2, 4, 5 la phan tng thu
nhiét con duong phan tng 3 la phan ung toa nhiét.
Két qua tinh toan nay phl hop véi cac nghién ctu
trugc vé kha nang phan tng tach tryc tiép nguyén tir
hydrogen cia déng phan mach vong. Vé mit dong
hoc, kha nang xdy ra phan ung trong hé CsH va
CH3COOH di khao sat c6 thé duoc sap xép theo tha
fu vu tién sau: PR4 > PR3 > PR5 > PR2 > PR1.
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Hinh 6. Bé mit thé niing ciia cac dwong phan ing giira CsH va CH;COOH

3.3.3. Nhiéz déng hoc cua sie hinh thanh san pham

'Két qua tinh céc tham s6 nhiét dong hoc & diéu kign
chuan cho tat ca cac duong phan tng dugc trinh bay
trong bang 1

Bang 1. Thong sé nhiét dong hoc
cua 5 dwong phan @ng

p?;,?’g,%g AH 298 ASgQS AG 298
(kd/mol) (J/mol.K) (kJ/mol)
PR1 23,9 14,3 25,6
PR2 53,4 7,2 57,2
PR3 -24.8 7,2 -21,2
PR4 47 0,5 10,5
PR5 194 8,8 22,7

Tir gid tri cac thong sé nhiét dong hoc cua 5 dudng
phan tng trong hé CsH va CH3COOH ta thay: duong
phan ing 3 c6 AG ) < 0 chung t6 phan (ing c6 thé xay
ra & diéu kien chuan va AH, < 0 nén phan iing toa

nhiét. Bon duong phan tng 1, 2, 4, 5 1 phan tng thu
nhiét va khong xay ra & diéu kién chuan, vi cac phan tng

N A £ 0 0 : 0 A
nay deu c6 AH,gs >0, AS,oq > 0va AG,gq > 0. Két
qua tinh toan ciing cho phép dy doan cac phan ung 1, 2,

70

4,5 ¢c6 thé xay ra & nhiét do cao hon, trong khi d6 phan
ung 3 uu tién & nhiét do thap.

Xét theo gid tri AG )y,

phan tng c6 thé duoc sip xép theo thir tw: PR3 > PR4 >
PR5 > PR1 > PR2.

Dbi chiéu két qua tinh bé mat thé ning va tinh
nhiét dong hoc chi ra mirc @6 wu tién cta cac dwong phan
rng trong hé CsH voi CH3COOH phu hop tdt véi nhau.

4. Két luan

mirc d0 uu tién cia Cac

Trén co s¢ két qua tinh t6i wu hoa hinh hoc va ning
lwong di xac dinh duoc cac thong s6 ciu triic nhu do dai
lien két, goc lién két, gia tri nang lugng, tan s6 dao dong,
ning luong diém khong, cac théng s6 nhiét dong hoc
(AHozgg; AS%gs va AGozgg). ba Xéy dung bé mat thé nang
cho tat ca cac duong phan wng khao sat. C6 5 san pham
c6 thé dugc hinh thanh, trong d6 san pham cua duong
phan tng s6 3 (c-CCCH, + CH,COOH) la thuan loi nhat
ca vé dong hoc va nhiét dong hoc.

Dua vao két qua tinh bé mat thé nang c6 thé sap xép
mirc d uu tién cua cac phan tng Xay ra nhu sau: PR4 >
PR3 > PR5 > PR2 > PR1. Dya vao két qua tinh nhiét
d6ng hoc mirc d6 wu tién ciia cac phan ung co thé dugc
sap xép theo thir ty: PR3 > PR4 > PR5 > PR1 > PR2.
Nhu vay, két qua khao sat trén bé mat thé nang (phuong
dién dong hoc) va tinh nhiét dong hoc 1a phu hop tét voi
nhau, cho thiy duong phan @ng sb 3 va 4 thuan loi hon.

D3 so sanh kha ning phan tGng tach truc tiép
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nguyén tr hydrogen & nhom CHs; va COOH cua gbc
CsH & dang mach hd va mach vong cho thdy kha ning
phan tng tach truc tiép nguyén tir hydrogen ¢ dong
phan dang vong thuan loi hon dang mach ho. Déi véi
ddng phan mach vong, phan tmg tach truc tiép nguyén
tr hydrogen trong nhém CHs thuan loi hon vé mit nhiét
dong hoc, trong nhom COOH lai thuan loi hon vé mit
dong hoc.
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