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NGHIEN CUU CAU TRUC, HOAT TiNH VA PHAN UNG CUA CAC DICATION
ONIUM-BORONIUM BANG PHUONG PHAP HOA LUQONG TU

Bui Tho Thanh, Vo Thi Bido Trin
Truong Pai Hoc Khoa Hoc Tu Nhién, PHQG-HCM

TOM TAT: Bai bdo nay trinh bay két qua khdo sat Iy thuyét vé cdu triic ciia cdc dication onium-
boronium X' BH;', X'BH;'; (X= NH;, PH;, H,O, H.S) va cdc théng tin vé phan trng cua cac dication
ndy vé mdt nhiét dong luc hoc va dong hoa hoc. Hai logi phan vng da dwoc khdo sat la phan ving phirc
héa cdc dication onium-boronium X BH;" véi Hy dé tao thanh X BH5" va phan ung tach proton cua
X'BH;s" dé sinh ra X' BH,. Viéc khdo sdt twong tw ciing dwoc thuc hién voi ion boronium tuong ing,
BH," va BH," | két qua nhan dwoc cho théy rcing hoat tinh thdn dién tw cua cdc dication onium-
boronium manh hon ciia ion boronium twong tmg rat nhiéu: cdc dication onium-boronium X BH;",
X'BH;" Ia cdc tac nhan siéu than dién t. Cdu triic cua cdc dication onium-boronium va ion boronium
dd dwoc t6i wu héa bang phirong phdp ab initio & mire tinh todn MP2/6-311+G** véi bg chwong trinh
Gaussian 03W phién ban B.04 va duge biéu dién véi chuwong trinh Gaussview 3.0. Viéc tinh todn tan sé
da dwoc thiee hién d@é bao dam la céc cdu tric nhan dwoc tuong ng voi cdc cuc tiéu nang luong va
khong co mét tan s6 do nao. Céc trang thai chuyén tiéb dé dwoc xdc dinh va kiém tra béi cach tinh toa
dé néi. Céc tinh chat cau tric, nhu nang lwong MP2, nang luong tw do Gibbs, nang luong hoat hod
ciing da dwoc khdo sat.

Tir khoa: tac nhan siéu than dién tir, dication onium — boronium, tinh toan luong ti.

Aol . , ¥
1.DATV AN DE dugc doi véi ion boronium twong tmg (BH,',

BH,"). Cac phan mg dugc xem xét ca vé mit

Trong thoi gian gan day, tdc nhan siéu than nhiét dong luc hoc va dong héa hoc [1].

dién tir (superelectrophiles) da try thanh vén dé

thu hat dugc su quan tam cua nhidu nha hoa 2. PHUONG PHAP
hoc. Tac nhan si€u than di¢n tur 1a nhiing chat Céc tinh todn duoc thuc hién véi phén
phan img dang ca‘tlon ¢ hoat tinh than dién tir mém Gaussian 03W phién ban B.04, clng su
cao hon hon nhicu so v6i cdc tic nhan than hd tro ctia phin mém GaussView 3.08. Viéc tbi
dién tir thong thudng. Trong pham vi bai béo, ru hoa cdu tric dé tim diém cyc tiéu trén bé

xin trinh bay mét sb két qua nghién ctru céu
tric, hoat tinh va phan ng ctia dication onium-
boronium (X'BH;', X'BH;; X= NH;, PH,

H,0, H,S), sau d6 so sanh voi két qua nhan

mit thé nang duoc thuc hién véi phuong phap
MP2, stt dung by ham co s& 6-311+G**. Tan
s6 dao dong dugc tinh véi cing mo hinh 1y

thuyét va tdp co so nhu khi tinh hinh dang t6i
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wu dé dam bao ring céu triic t6i wu khong co
mot tan sd 40 nao. DPbi voi cac clu trac trang
thai chuyén tiép, viéc tdi wu hoa hinh dang va
tinh tdn sé s& cho duy nhéat mét tin sb d0. Tan
s6 nay s& dugc kiém tra bing phin mém
GaussView dé xem xét kiéu dao dong cua cac
nguyén tir trong phan tir.

Céc trang thai chuyén tiép cta phan ung
duogc xac dinh nho phﬁn mém Gaussian 03W.
Bing cach nhap vao ving Route Section tir
khoa “Opt=(TS,CalcFC,Noeigentest) Freq” dé
xé4c dinh trang thai chuyén tiép (TS) va tinh
hz"mg s6 luc ban ddu (CalcFC). Tir khoa
Noeigentest gitip cho viée t6i wu tim trang thai
chuyén tiép ty hoi tu dé dwa dén mot cu trac
trang thai chuyén tiép dang tin cdy [8]. Tir khoa
Freq dugc dung dé tinh toan tan s ty dong bét
dau v6i hinh dang t6i wu cla cdu tric chuyén

tiép.
3.KET QUA VA THAO LUAN

Toan bd két qua tinh toan, hinh dang tdi wu
da duoc kiém tra k§.
Ton boronium BH," ¢6 céu trac phing voi

mot lién két ba tdm hai dién tir, gdm B va hai

H. Ion boronium BH;'co chu tric Cy, véi hai
lién két ba tam hai dién tir [2], [4], [7].

Céu tric ciia cac dication onium-boronium
X BH;" xuét phét tir cdu triic cua ion BH,™ khi
thay mot H boi X™ (X= NHs, PH;, H,0, H,S).
Trong céc céu tric nay, sé phdi tri cua B 1a 4
va chira mot lién két ba tdm hai dién tu, gém
mot B va hai H [5]. Nhom BH;" trong X BH;"
cling nim trong mot mat phang. Riéng cdu trac
cuia dication oxonium-boronium H,O'BH;"
duogc xac dinh chi trén mot mét phéng. biéu
nay trai v6i thuyét luc ddy cua cac cap dién tir
o 16p hoa tri, 1a cac cap dién tor hoa tri phai
phan bb xa nhau nhit dé twong tic voi nhau it
nhét.

CAu tric cua cac dication onium-boronium
X'BHs" xuét phat tir cau triic cia BH," khi thay
mét H bsi X* (X= NH;, PH;, H,0, H,S) [5].
Trong cAu triic nay, s6 phdi tri cua B 1a 6 va
chtra hai lién két ba tam hai dién tir.

Céac dication onium-boronium X'BH;",

X'BH;" 1a c4c tac nhan siéu than dién .
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7

9

BH,"

NH; BH;"

PH;'BH;" H,O BH;" H,S'BH;" BH¢"

Hinh 1. Céu tric t5i vu cua cac dication onium-boronium X 'BH;", X 'BHs", BH,", BHs"

3.1. Khio sit phén @ng cfng H, vao tic nhén siéu than di¢n tir X'BH;" (X=NH;,PH;,H,0, H,S)
va BH,' trong diéu kién kiém soat vé mit nhiét dong luc hoc

Bang 1. Két qua tinh toan cac dication X BH;", X'BHs™ (X= NH3, PH;, H,0, H,S), BH,", BH," bing
phuong phap MP2/6-311+G**

Ning lwon Nang lwon

Chu tric MP2 Gibbs Chu tric MP2 Cibbs
(hartree) (hartree) (hartree) (hartree)

NH;'BH;" -82,1029545 -82,060869 NH;'BH;" -83,3123165 -83,247328
PH,'BH;" -368,2936927 -368,262958 PH, BH;" -369,5072652 | -369,455304
H,0'BH;" -101,9131666 -101,882543 H,0'BH;" -103,1164305 | -103,066415
H,S'BH;" -424.4942225 -424,471205 H,S'BH;" -425,703999 | -425,660915
BH," -26,7238235 -26,707653 BH," -27,9177295 -27,882202

Ning luong Gibbs cuia H tinh theo phwong phap MP2/6-311+G** 1a G° = -1,161421(hartree)

Céc phan ng duoc khao sat la:

NH;'BH;"+H, — 3 NH;'BH;" AG=-15,71158013 (kcal/mol) (1)
PH;'BH;"+H, ___, PH;'BH;" AG=-19,40572792 (kcal/mol)  (2)
H,0'BH;'+H, ___ H,0'BH;s" AG=-14,08821334 (kcal/mol)  (3)
H,S'BH;"+H, ___, H,S'BHS AG=-17,75161316 (kcal/mol)  (4)
BH,  + H, —_» BH{ AG=-8237943285 (kcal/mol)  (5)

So sanh gia tri AG trong cac phan tng (1),
(2), (3), (4) voi gia tri AG trong phan ung (5)
cho thiy khi thay mét H trong BH," bang X"

(X: NH3, PH3, Hzo, st) thi tinh than dlél’l tr
cla cac dication onium-boronium ting lén

nhiéu, do do s& d& 1§y dién tr cia H, . Vi vay
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phan ung cong H, cua cac tac nhén siéu than than dién tr thong thuong.

dién tir xay ra dé dang hon so vé&i tac nhan
3.1. Khio sat phin @ng cong H, vio tic nhin siéu thin dién tir X'BH;" (X= NH;, PH;, H,0, H,S)
va BH," trong diéu kién kiém soat vé mit dong héa hoc.

Bang 2. Gia tri nang luong Gibbs ciia tac chit, trang thai chuyén tiép va nang luong hoat hoa cua cac
phan tmg (1), (2), (3), (4), (5)

A 0, P Trang thai 0 2z AG"
Phan img | G'tac chat (hartree) chuyén tiép G chuyén tiép (hartree) (keal/mol)
(1) -83,222290 TS (1) -83,215689 4,14219
2 -369,424379 TS (2) -369,418098 3,941386
3 -103,043964 TS 3) -103,040990 1,866213
4 -425,632626 TS 4) -425,627326 3,325800
%) -27,869074 TS (5) -27,861670 4,646076
So sanh ning lugng hoat héa AG" cua cac phan ung cong H, vao cac tdc nhan si€u than
phan tng (1), (2), (3), (4) v6i nang luong hoat dién tor xay ra dé dang hon so véi khi cong vao
héa AG™ cua phan Gng (5) ta ciing két ludn tac nhan than dién tir thong thuong.
a9 >0 % ) a9
, 4
- " J‘,J Y M/M .
3“3 P9 JJA > j’
@ 3 w > o
TS (1) TS (2) TS (3) TS (4) TS (5)

Hinh 2. Ciu triic chuyén tiép cta cac phan tng (1), (2), (3), (4), (5)

3.2. Khio sat phan ing taich H' ciia dication onium-boronium X'BH;s" (X= NH;, PH;, H,0, H,S)

va ion boronium BH;" trong diéu kién kiém soat nhi¢t dgng hre hoc.

Bang 3. Két qua tinh toan cac X 'BH, (X= NHs, PH;, H,0, H,S) va BH; biang phwong phap MP2/6-

311+G**

Céu tric MP2 (hartree) Nang lupng Gibbs
(hartree)
NH; BH, -83,2761549 -83,219000
PH;'BH, -369,4532725 -369,410332
H,0'BH, -103,0973643 -103,054718
H,S'BH, -425,6668243 -425,632994
BH; -27,6611409 -27,636848
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Luu y 1 khong can tinh toan cho H' vi H

khéng c6 dién tir nén ning luong dién tir bang

Céc phan tmg dugc khdo sat la:

NH;'BHs" —
PH;'BHs" —
H,0'BHs" —»
H,S'BHs" —

BH{" -

NH;BH, + H"
PH;'BH, + H'
H,O'BH, + H"
H,S'BH, + H'

BH; + H

So sanh gia tri AG trong cac phan tng (6),
(7), (8), (9) voi gia tri AG trong phan tng (10)
cho thay khi thay mot H trong BHg" bing X"
(X=NH;, PH;, H,0, H,S), X ¢6 tinh than dién

>
y—j’y

)
)
NH;BH,4

b
g 9

@9

PH,'BH,

H,0'BH,

khong va sd hang nang luong khac khong duy

nhit cua H 1a: AE*® =§ RT= 0,889 kcal/mol

AG= 17,77608603 (kcal/mol)  (6)

AG= 2822035233 (kcal/mol)  (7)
AG=7,339977347 (kcal/mol)  (8)
AG=17,52068971(kcal/mol)  (9)
AG= 153,9619391 (kcal/mol) ~ (10)

tir nén s& giir dién tir trong lién két ba tam hai
dién tt , do d6 phan tmg tach H' cta céc
dication onium-boronium X BH;™ xay ra dé

hon so véi ion boronium BHg".

BH;

Hinh 3. Céu trc t§i wu ciia cac monocation X 'BH, va BHs

3.3. Khio sat phan trng tich H' ciia dication onium-boronium X'BHs" (X= NH;, PH;, H,0, H,S)

va ion boronium BH;' trong diéu kién kiém soat dong hoa hoc.

Bang 4. Gia tri ning lugng Gibbs ctia tac cht, trang thai chuyén tiép va nang lugng hoat hoa ciia cac

phan tmg (6), (7), (8), (9), (10)

Phan Gt end Trang il Cehuyintitp | . (keal/mol)
img (hartree) chuyén tiep (hartree)
(6) -83,247328 TS (6) -83,121469 78,97770
@) -369,455304 TS (7) -369,317281 86,61073
®) -103,066415 TS (8) -102,952092 71,73876
9 -425,660915 TS (9) -425,534087 79,58576
(10) -27,882202 TS (10) -27,696504 116,52724
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Trang thai chuyén tiép cua phan ung (10)
¢6 gia tri nang luong tu do G® thip hon ning

luong tu do G cua san phém BH;. C6 thé biéu

din sy bién thién nang luong trong phan ung

(10) qua gian db ning lugng sau:

BH, + H*

2 2763 ‘
= TS
s -27,69

=

2‘]

= BHg*

E;_- _27,850 ........

2

Gian dd nang luong trén tuy khac thuong
nhung dang tin cay va da tirng c6 phan ing xay
ra theo chiéu huéng nhw véy, d6 13 phan tng
thé Sy2 khi F tn cong vao CH;Cl [6]. Nhin
vao gian d6 ning lugng co thé dy doan dugc
phan tng (10) khé xay ra. Nhan dinh nay hoan
toan dang khi xem xét nang luong hoat hoa.

" @
@ :&.ﬂ %‘(_‘”
y"":

TS (6) TS (7)

a2

Ning lwong hoat hoa AG” cua phan {ng
(10) 16n hon rat nhiéu so véi cac phan tng (6),
(7), (8), (9). Vi viy, trong diéu kién kiém soat
vé mat dong hoa hoc thi phan ung tach H' cua
cic dication onium-boronium X' BHs" xay ra

dé dang hon so v6i ion boronium BH'.

9 9 9
9
s 2’
TS (9) TS (10)

Hinh 4. Céu tric chuyén tip cua cac phan tng (6), (7), (8), (9), (10)

4. KET LUAN

Két qua ciia viéc khao sat mot sb phan tng
cta cic dication onium-boronium (X'BH;",
X'BHs" ;X= NH;, PH;, H,0, H,S) di cing cb
thém vai tro cta cac tac nhan siéu than dién tir
trong cic phan tng hoa hoc va cho thiy rd
dugc hoat tinh than dién tr siéu manh cua
chung. Hoat tinh than dién tir ciia cac tac nhan

siéu than dién tr duoc tang cuong do sy tang

gip hai hay nhiéu lan d6 thiéu hut dién tir. Su
tang kha nang phan tmg rit dang chii ¥ khi so
sanh véi tic nhan than dién tir ban dau [3].

Do tdm quan trong cta tinh than dién tur
trong cac phan tng hoa hoc noéi chung va sy
xUc tac siéu axit ndi riéng, hién nay cac tac
nhan si€u than dién tr dang thu hat duoc rat
nhiéu sy quan tim cta cic nha nghién clu

[31.[4].
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QUANTUM CHEMITRY STUDY ON STRUCTURES, ACTIVITIES AND
REACTIONS OF ONIUM-BORONIUM DICATIONS

Bui Tho Thanh, Vo Thi Bdo Trén
University of Science, VNU-HCM

ABSTRACT: This paper provides information about theoretical investigations of structures of
onium-boronium dications X' BH;", X'BH;"; (X= NH;, PH;, H,O, H>S) and some reactions of them in
thermodynamic control and kinetic control. Two kinds of reactions studied are complexation of onium-
boronium dications X' BH;" with H, leading to X'BH;" and deprotonation of X' BHs' to give X' BH,.
The similar studies with boronium ion analog BH," and BHy' is carried out and results obtained
pointed out that the eletrophility of onium-boronium dications is more stronger than that of boronium
ion: onium-boronium dications X' BH;', X'BH;5" are superelectrophiles. The structures of onium-
boronium dications and boronium ions are optimized by using ab initio methods at the MP2/6-311+G**
level of Gaussian 03W, revision B.04 and represented with Gaussview 3.0. Frequency calculation is
performed to assure the obtained structures corresponding to minimun energies and have no any
imaginary frequency. The transition structures are calculated and verified due to Intrinsic Reaction
Coordinate Calculations. The properties of structures, as MP2 energy, Gibbs free energy, activation
energy are also examined.

Keywords:superelectrophiles, onium-boronium dications, quantum chemical calculations.
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