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Tom tét. Trong bai bao nay, phuong phap B3P86/6-311G dugc st dung d€ tinh gi4 tri ning
lwong phan ly lién két (BDE)N-H cta cdc dan xudt hai nhém thé diphenylamine
(Y=Ar)>-NH (Y = H, NHz, NO», CF3, N(CHs)z, Cl, F, OCHs, CHs, CN) v6i d9 léch khoang 0,2
kcal/mol so v6i dit liéu thue nghiém. Anh huéng cta nhém thé dén BDE(N-H) tai vi tri meta
la khéng dang k€, con hiéu tng nhém thé rd hon & vi tri para so voi vi tri meta. Gia tri
BDE(N-H) giam manh khi cac nhém ddy dién t&¢ (EDG) nhw OCHs, NHz, N(CHs)2 6 vi tri
para Jan luot 1a 4,3, 7,9 va 7,9 kcal/mol va cé su twong quan cao véi hﬁmg sO thé Hammett.
Cac nhém hut dién tit (EWG) & vi tri para lam tding BDE(N-H) dén khoang 4,5 kcal/mol. Bé
mat thé nang (PES), ai luc proton (PA) va d6 dai lién két d(C1-N) ciing dugce xay dung va

tinh toan d€ lam rd anh hudng nhém thé va co ché€ phan ting chong oxi hoa.

Tir khéa: diphenylamine, B3P86, nang luong phan ly lién két N-H, hing s6 Hammett, ai luc
proton

1  Giéi thiéu

Hién nay, nhiéu san pham cé nguoén goc tir dau moé nhw dau nhét (dau boi tron), poly-
mer, cao su... khong dam bao do bén va cac tinh chat trong qua trinh st dung. Nguyén nhan la
do cac gdc tu do nhu peroxyl (ROO*) hay hydroxyl (HO")... sinh ra trong qua trinh tong hop va
stt dung gay ra qua trinh tw oxi hda ctuia cac hop chat hydrocarbon trong vat liéu Vi vay, viéc
tim cac hop chat dap tat gdc tu do dang 1a van dé cap thiét. Bén canh d6, van dé nghién ctru anh
huong nhom thé dén nang lwgng phan ly lién két N-H (BDE(N-H)) tac dong dén cac tinh chat
hoa hoc, sinh hoc... dang duoc chii trong va mé rong nghién ciru trong linh vuic thiec nghiém
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va hoa tinh toan [6, 14-16, 18, 21, 25, 27, 29]. Viéc nghién ctru hoat tinh chong oxi hda cua cac
dan xuat diphenylamine lién quan dén BDE(N-H) dugc cac nha khoa hoc quan tdm nghién ctru
trong vai tro bat gitt gdc tw do theo co ché chuyén nguyén t hydro (HAT) [1, 11, 12, 20, 28].
Tuy nhién, viéc st dung cac phuong phap luong tir tdi wu d€ danh gia BDE(N-H) cing nhuw
phan tich 18 hon anh huong nhom thé dén BDE(N-H) va lam rd co ché phan ting van dang tiép

tuc nghién ctu.

Bai béo nay sé tap trung khao sat hé chita hai nhém thé ctia dan xuat diphenylamine tai
vi tri s6 5 va 5’ (ky hiéu: meta-up), s6 3 va 3’ (ky hiéu: meta-down) va vi tri s6 4 (para) (Hinh 1).
Céc tac gia cing danh gia kha nang chong oxi hda trong hé nghién cttu theo co ché chuyén
nguyén ti hydro va phan tich anh huwong nhém thé qua gian d6 twong quan gitra cac thong sd
nhiét dong véi hang s6 thé Hammett, dong thoi 1am 16 co ché phan tng ctia dan xuat diphenyl-

amine v6i goc tu do qua gian d6 bé mat thé nang (PES).
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VéiY la H, NH2NOg, CFs, N(CHs)., Cl, F, OCHs, CHs, CN.

Hinh 1. C4c dan xudt hai nhém thé ctia diphenylamine.

2 Cos6ly thuyét va phwong phép tinh toan

Qua trinh oxi héa ctia cac hop chat hitu co nhin chung lién quan dén chudi phan tng gdc
tw do, bat dau bang viéc hinh thanh mot goc tw do dau tién In* (Initiating radical), cac In® tao ra
do cac qud trinh nhiét hodc quang hdéa. Qua trinh tw oxi hda ctia hydrocarbon ctia co ché chudi
goc tu do dwgc mo ta qua 3 budc: bude khoi mao la sy hinh thanh céc gdc peroxyl va alkyl ti
gdc In*; budc phat trién mach la qua trinh oxi héa cac hydrocarbon bang gdc tw do (ROO* hay
HO*) gay ra chudi phan tng gdc tu do; budc cudi cuing la ngat mach véi sy véi viéc hinh thanh

san pham khong c6 gdc tu do.
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Cac phan ting chinh khdng ché qué trinh tw oxi hda ctia cac hop chét hydrocarbon bang
hop chat diphenylamine theo co ché€ HAT va SPLET (Sequential proton loss electron transfer)

dwgc mo ta nhw sau:

— Co ch& HAT: Chat chdng oxy hoéa la AraNH sé dap tat cac gdc tu do nhu g6c peroxyl
(ROO"), hydroxyl (HO")... bang viéc chuyén nguyén tit hydro ctia nhém NH sang gdc tw do

Ar,NH+ROO" — Ar,N* + ROOH 1)

Hiéu qua phan ting quyét dinh béi enthalpy phan cit dong ly cta lién két N-H xac dinh
bang phuong trinh

BDE(N —H) = H(Ar,N") + H(H") - H(Ar,NH) @)
H(X) = Eel + ZPE + Htrans + Hrot + Hvib + RT 3)

v6i H(X) 1a enthalpy ctia phan t&t X, Herans, Hrot va Hvib [an lwgt la enthalpy cua sy tinh tién, sw

quay va sit dao dong, Ee 1a tong nang luong electron ctia hé va ZPE la nang lugng diém khong.

Cling c6 thé danh giad kha nang chong oxi hoa theo theo chu ky Denisov do phan tng tao
nitroxide (Ar2NO®) cta gdc aminyl (Ar2N°) [4, 5, 26]. Tuy nhién, nghién cttu nay sé tap trung
vao co ché HAT, sy chuyén nguyén t& hydro tir chat chdng oxi héa dén goc tu do. Thong s6
quan trong d€ danh gia hoat tinh cac chat chdng oxi héa dap tat gdc tu do (RTA) la dai luong
BDE(N-H).

— Co ché& SPLET [8, 31]: Trudc hét, mdt proton H* cia amine bi mat va duoc déc trung
bang &i luc proton PA (Proton affinity) va tiép theo 1a su chuyén electron va duwoc dic trung

bang nang luong chuyén electron ETE (Electron transfer enthalpy). Qua trinh dwoc md ta trong
cac phuong trinh (4).

Ar,NH — Ar,N" + H'
Ar,N~ + ROO" — Ar,N" + ROO" @)
ROO™ + H* — ROOH
St dung phan mém Gaussian 09 va phuong phap B3P86/6-311G d€ tdi wu cac cdu trac
cua hé nghién cttu. Phrong phap nay cling da tirng duoc sit dung dé€ danh gia nang lwong phan
ly lién két va thu duoc két qua c6 d¢ chinh xac cao so v6i di liéu thuc nghiém [7, 9, 13]. Dya
vao cau trac bén, cd thé tinh cac thong s6 nhiét dong, thong s6 cau tric, xay dung bé mét thé

nang va phan tich lam r6 anh huwong nhom thé.
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3 K&t qua va thao luan

3.1 Ning lugng phan ly lién két BDE(N-H) ctia cAc dan xu4t hai nhém thé diphenylamine.
Sw tuong quan giita BDE(N-H) v6i hing s6 thé¢ Hammett

Phuong phap B3LYP dwgc danh gid 1a tot d€ tinh todn ndng lwong phan ly lién két cho
nhitng nghién cttu tredc day [22-24]. Tuy nhién, trong nghién cttu nay cac gia tri BDE(N-H)
duoc tinh theo phuong phap B3P86/6-311G va ddi chiéu voi gia tri thue nghiém ctia mot s6 dan
xudt diphenylamine. Két qua cho thdy phuwong phap B3P86/6-311G cho sai s& nhé va phu hop
dé€ nghién ctu dan xuat hé diphenylamine. D¢ sai léch 16n nhét chi la 0,5 kcal/mol d6i voi
p—CHs—Ar:NH véi d¢ 1éch trung binh 0,2 kcal/mol (Bang 1). Trén co s¢ d6, phwong phap
B3P86/6-311G duoc dé xuat st dung dé tinh toan BDE(N-H) tai vi tri meta va para ctia dan xuat

hai nhom thé diphenylamine va sd liéu duoc trinh bay ¢ Bang 2.

Bang 1. Gia tri BDE(N-H) (kcal/mol) ctia mdt s§ dan xuét diphenylamine tinh bang phuong phap
B3P86/6-311G

Hop chat BDE(N-H) Hop chit BDE(N-H)
ArNH 87,2 (87,2) [30, 32] (p-Br—Ar)::NH 87,0 (87,0) [3]

m-F-Ar:NH 88,1 (88,4) [3] (p-CHs-Ar):NH 85,6 (85,4) [19]
m-CHs-Ar:NH 87,6 (87,6) [3] (p-OCH:s—Ar):NH 83,1 (83,3) [19]
p-CHs-Ar:NH 86,4 (86,9) [3] (p-N(CHs)2-Ar)2NH 79,3 (79,5) [25]

Bang 2. Gia tri BDE(N-H) (kcal/mol) ctia (Y—Ar)-NH 6 vi tri meta va para theo phwong phap
B3P86/6-311G

Vi tri nhém thé
Nhém thé (Y) meta para
3Y ABDE 5Y ABDE 4Y ABDE

H 87,2 0,0 87,2 0,0 87,2 0,0
F 88,5 1,3 88,7 15 86,2 -1,0
Cl 88,2 1,0 88,6 1,4 87,2 0,0
CHs 87,1 -0,1 86,9 -0,3 85,6 -1,6
OCHs 88,2 1,0 88,9 1,7 82,9 -4,3
NH: 87,6 04 86,7 -0,5 79,3 -7,9
N(CHs)2 87,6 0,4 86,5 -0,7 79,3 =79
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’ Vi tri nhém thé
Nhom the (Y)
meta para
CFs 88,9 1,7 89,3 2,1 90,7 3,5
CN 88,9 1,7 89,3 2,1 89,5 2,3
NO: 89,1 1,9 90,5 3,3 91,7 4,5

ABDE = BDE((Y-Ar)>-NH) — BDE(Ar-NH)

Tt Bang 2 ta thdy BDE(N-H) tang d6i voi nhém EDG va giam d6i voi nhém EWG ¢ ca
hai vi tri. V6i nhom halogen va EDG, su thay d6i BDE(N-H) & vi tri meta la khong dang ké
(<1,5 kcal/mol), d&i véi nhom EWG thay d6i nhiéu hon khoang 2-3 kcal/mol. Tuy nhién, & vi tri
para anh huong nhom thé la rd rang hon, déc biét d6i voi nhéom OCHs, NHz va N(CHs)2 ¢6 su
giam manh BDE tuong ung la 4,3; 7,9 va 7,9 kcal/mol. Nhém EWG lam tang BDE(N-H), tang
nhiéu d6i véi nhém EWG manh nhu NO2 1a 4,5 kcal/mol.

D¢ lam 16 hon anh huéng nhém thé d&én BDE(N-H) c6 thé dugc dinh luong bang cac gia
tri GE (Ground effect), RE (Radical effect) va TE (Total effect, voi TE = RE — GE). Céc thong s6
nay duoc tinh toan thong qua phan ting dién ta trén Hinh 2.

Su thay doi gia tri GE, RE, TE theo phuong phap B3P86/6-311G duwgc mo ta trén Hinh 3.
Tai vi tri meta, nhin chung cac nhém thé halogen va EDG anh huong khong dang ké dén sy 6n
dinh ctia gdc tw do va phan t trung hoa; véi F, Cl gia tri| RE| 16n nhat chi 1,6 kcal/mol; nhém
EDG c6 | RE| <1 kcal/mol va | GE| < 0,4 kcal/mol; diéu nay dan dén gi tri ABDE(N-H) thay d&i
khong dang ké (<1,7 kcal/mol).

Nhom EWG c6 hiéu ttng manh hon; chiing lam giam sy On dinh trang thai co ban va géc
tw do. Tuy nhién, nhin chung hiéu ting tong | TE|< 2,1 kcal/mol, hiéu tng manh nhat la nhém
NOy, do gia tri GE la —4, am hon so véi RE la —0,7 nén gid tri TE la —3,3. Diéu nay giai thich su
tang manh BDE(N-H) ctia nhém NO:tai vi tri meta. Nhu vay, tai vi tri meta, cic nhdm thé cd
hiéu tng khong dang ké, ngoai trirt nhom EWG manh; diéu nay lam cho BDE(N-H) thay d6i
khong dang ké. Tai vi tri para, hiéu ting cdc nhém thé manh hon so v6i vi tri meta. Cac nhom
halogen va CHs anh hudng khong dang ké. Cac nhém EDG nhu OCHs, NHzva N(CHs)2 ¢ hiéu
tng manh lam 6n dinh g6c tw do va méat sy n dinh phan t trung hoa véi gia tri RE tir 1,5 dén
4,1 kcal/mol va GE tir —2,8 dén —4,3 kcal/mol. Cac nhém EWG cé xu hudng nguoc lai véi gia tri
RE tir —0,5 dén —1,7 kcal/mol va GE tlt 1,8 dén 3,0 kcal/mol; diéu nay cling ly giai su ting va
giam manh gia tri BDE(N-H) ctia hai nhém nay. C6 thé giai thich la do nguyén t& ni to con cdp
electron va diphenylamine thudc loai “Class O” [2, 17], ttc 1a gbc tu do duoc bén hoda béng
nhém EDG va kém bén héa bang nhém EWG.
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Hinh 2. Phuong trinh phan tng trao doi.
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Hinh 3. Sy thay d6i GE, RE, TE (kcal/mol) ctia (Y—Ar)—-NH tai vi tri meta (A, B); Su thay ddi GE, RE, TE
(kcal/mol) ctia (Y—Ar)-NH tai vi tri para (C)

D& lam 1o anh huong nhom thé, gian d6 twong quan gitta BDE(N-H) véi hang s8 thé
Hammett omva o duoc xay dung va tinh toan boi Hansch, Leo va Taft [10] (Hinh 4).

Dua vao Hinh 4 ta thay su twong quan gitta BDE(N-H) va hang s thé Hammett tai vi tri
5-meta (R2= 0,909) t6t hon vi tri 3-meta (R2= 0,831); & vi tri para c6 su twong quan manh (R2=
0,976). Nhu vay, viéc thiét ké cac dan xuat diphenylamine nhém EDG tai para c¢6 hoat tinh tot
hon so véi vi tri meta.
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Hinh 4. Sy twong quan gitta BDE(N-H) (kcal/mol) va hing s6 thé Hammett tai vi tri meta (A) va para (B).

3.2

xuat hai nhom thé cta diphenylamine

Anh huéng ctia nhém thé dén ai lyc proton anion va do dai lién két C1-N ctia cic dan

Theo co ché SPLET, dai lwgng PA la thdng s6 dac trung cho kha nang chéng oxi hda. Gia

tri PA anion ctia cac dan xuét diphenylamine dugc trinh bay ¢ Bang 3.

Bang 3 cho thay tai vi tri meta, sy thay doi gia tri PA & ca hai vi tri 3 va 5 la nhw nhau. Xét
ca hai vi tri, d6i v6i nhom halogen (F, Cl) gid tri PA giam tir 8,3 dén 15,2 cal/mol. Nhém CHs va
OCHs ¢6 PA tang khong déang ké; nhom NH: va N(CHs)2 ¢6 PA tang tir 5,6 dén 11,0 kcal/mol.
Cac nhom EWG lam giam manh PA tir 20,8 dén 38,9 kcal/mol. Xét cac nhém EDG va EWG, su
giam va tang gid tri PA tai vi tri para nhiéu hon meta; diéu nay c6 thé do tai vi tri para xay ra sw

cong huong truc ti€p voi dién tich am trén nguyén ti ni to.

Béng 3. Gia tri PA (kcal/mol) ctia cac anion cho cac dan xuét hai nhém thé diphenylamine ((Y-Ar2)-N-)

Vi tri nhém thé
Nhém thé meta para
Y)

3Y APA 5Y APA 4Y APA
H 356,4 0,0 356,4 0,0 356,4 0,0
F 345,1 -11,3 345,1 -11,3 348,1 -8,3
Cl 341,2 -15,2 341,2 -15,2 342,6 -13,8
CHs 357,3 0,9 357,1 0,7 357,8 1,4
OCHs 356,4 0,0 356,8 0,4 358,4 2,0
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Vi tri nhom thé
Nhom thé
meta para
(Y)

3Y APA 5Y APA 4y APA
NH: 362,8 6,4 362,6 6,2 367,4 11,0
N(CHzs)2 362,9 6,5 362,0 5,6 362,4 6,0
CFs 336,0 -20,4 336,1 -20,3 330,4 -26,0
CN 335,6 -20,8 335,1 -21,3 328,8 27,6
NO: 331,6 —24,8 331,5 -24,9 317,5 -38,9

APA = PA(Y-Ar)-NH) — PA(Ar>-NH)

Cac nhém EWG lam cho PA gidam manh so véi nhém EDG do sy giai toa dién tich trén
nguyén tt ni to va anion dugc 6n dinh boi nhoém EWG. D€ lam rd anh huong ctia nhom thé dén
gia tri PA c6 thé dua vao gian d6 twong quan véi hang s§ thé Hammett ¢ (Hinh 5). Két qua cho
thdy c6 su twong quan tdt gitta PA va thong s6 Hammett ¢ ca hai vi tri meta va para. Tuy nhién,
vi tri meta c6 sy twong quan manh hon so véi vi tri para véi gia tri R? [an luot la 0,962 va 0,903.

Dé lam rd anh huong ctia nhom thé dén thong sd cdu trtic can tinh gia tri d¢ dai lién két
C-N (Bang 4).

365 370
K .
160 “ . *—PA=-37.770, +356.6 . — PA= ‘39.160;‘353.9
\ R2=0.962 .
= 260 - R#=0.903
355 N =
350 350 i
-
£ 345 - -
% = 340
™
340 : "
335 . N 330 = A
o . s
"
330 \ .
320 .
328
-0.4 0.2 0 02 _ 04 0.6 0.8 310
N 0.5 0 0.5 o 1 1.5
P
(A) (B)

Hinh 5. Sy twong quan gitta PA (kcal/mol) ctia ((Y— Ar)zN’) va hang s Hammett

tai meta (A) va para (B).
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Bang 4. Gia tri d(C1-N) (A) cta cac (Y=Ar)—NH tai vi tri meta va para

meta para
Nhom thé
3Y 5Y 4Y

H 1,3998 1,3998 1,3998
F 1,3975 1,3983 1,4007
cl 1,3985 1,3988 1,3991
CHs 1,4002 1,3999 1,4003
OCHs 1,3984 1,3990 1,4026
NH2 1,4001 1,4004 1,4048
N(CHzs)2 1,4010 1,4011 1,4041
CFs 1,3984 1,3986 1,3956
CN 1,3991 1,3991 1,3954
NO: 1,3982 1,3979 1,3932

Tt Bang 4 c6 thé thay cac nhém EDG lam ting va EWG lam giam gia tri d(C1-N). Diéu
nay c6 thé'la do su giai tda mat do electron trén nguyén ti ni to va lam tang su lién két caa C-N
béi cac nhom EWG. Vi tri para lam tdng va giam gid tri nay nhiéu hon so voi meta; diéu nay co6
thé 1a do su lién hop truc ti€p gitta nhom thé voi electron 1 trén nguyén tit ni to nén hiéu tGng

nhom thé manh hon 6 vi tri para.

3.3  Bé mit thé ning phan tng dap tat géc tw do CHs00" theo co ché HAT

Nhin chung, tai vi tri para cac nhém EDG lam giam manh BDE(N-H) va gid tri nay thap
hon nhiéu so véi BDE(O-H) cta phenol (88,0 + 1,5 kcal/mol [10, 19]) nén kha nang chdng oxi
héa theo co ché HAT 1a phtt hop. D& 1am 16 co ché phan ting dap tat goc tu do dwa vao gian do
PES ctia phan ting gitta cdc dan xuat diphenylamine cé hoat tinh t&t bao gom (p-CHsO-Ar):NH,
(p-NH2—-Ar)2:NH va diphenylamine véi CHsOO® vi BDE(N-H) cua (p-NH:—Ar):NH va
(p-(CHs)2N-Ar):2NH ¢ cuing gia tri nén chi chon mot dan xuat dé xét co ché HAT. Dau tién,
phan tng tao thanh trang thai trung gian (Intermediate-Int) Int—1, hop chét trung gian Int-2
hinh thanh qua trang thai chuyén ti€p (Transition state — TS) va cudi cling tao ra san pham
(Product — P) (Hinh 6).

Dua vao Hinh 6 ¢6 thé thay cac trang thai Int va TS ¢ nang lwong am hon so véi chédt ban

dau phan tng. Nang luong trang thai chuyén tiép cao hon ¢ cac chat trung gian; doi véi nhém
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NH: thi ndng lwong TS gan bang nang leong Int-1 (cdch nhau 0,1 kcal/mol) va cac Int-2 bén
hon cac Int-1. Hiéu ting nhiét phan ting cho thdy phan tng tao san pham cua nhém EDG la
thuan loi vé mat nhiét dong va gia tri hiéu tmg nhiét cang bé thi BDE(N-H) ctia dan xuat
diphenylamine cang nho. Gian d6 nang luong cho thdy hang rao nang luong E: phan tng cua
Ar:NH, (p—NHz-Ar):NH va (p—N(CHs)—Ar)2NH c6 gid tri lan luot 6,3, 2,2 va 0,1 kcal/mol. Gid
tri nay phu hop véi su bién thién cua BDE(N-H) twong tng la —4,3 va -7,9 kcal/mol; diéu d6
ching to nang lugng phan ly lién két N-H cang giam thi ndng lwgng hoat hda cang thap tic
kha nang dép tat goc tw do cang thuén loi.

Céach thiét k& cac TS va Int ctia cac dan xudt 1a twong te nhau va duoc minh hoa ciu tric
cac TS va Int cia nhém thé NHz2 trén Hinh 7.

5.8
|
= 7
E o /
=l 0.1,
g | ]
‘-'é -5 Ar,NH+CH;00
En -10 _‘ I (p-CH;0-Ar),NH + CH300"
|
M 15 B (p-NH,-Ar),NH+ CH300"
| - ?
20 A
L T
Int-2 P

Hinh 6. Bé mit thé nang ctia phan ting gitra (p-Y-Ar):NH véi gbc tu do CHsOO*

J
») Int-2

Hinh 7. C4u tric trang thai trung gian, trang thai chuyén tiép ctia phan tng (p—NHz-Ar)NH
véi gbe tw do CHsO0O0".
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4  Kétluan

Bang phuong phap B3P86/6-311G da khao sat ddy du vé anh huong ctia nhém thé dén
BDE(N-H) ctia dan xudt hai nhém thé& diphenylamine. Qua d6 c6 thé nhan thay gid tri
BDE(N-H) giam nhiéu vdi cac nhém thé EDG manh (nhu OCHs, NHz, N(CHa)2) tai vi tri para va
twong quan manh véi hang s6 thé Hammett. Co ché phan ting dap tat goc tu do theo HAT ciing
duoc phan tich va 1am rd thong qua gian d6 PES. D6 1a co sd cho viéc thiét k& cac dan xuat di-
phenylamine cé hoat tinh cao c6 kha nang tng dung thuc tién va bd sung dit lieu BDE(N-H)

cho thuc nghiém.

Loi cdm on: Nghién cttu nay duoc tai trg boi Quy Phat trién Khoa hoc va Céng nghé
Qudc gia (NAFOSTED) trong dé tai ma s6 104,06-2016.03.
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EFFECT OF SUBSTITUENTS ON N-H BOND DISSOCIATION

ENTHALPIES AND PROTON AFFINITIES OF ANIONS OF
DIPHENYLAMINE DERIVATIVES: A DFT STUDY USING
B3P86 FUNCTIONAL

Pham Thi Thu Thao®?, Huu Chon Nguyen®?, Quan V. Vo?,
Nguyen Minh Thong®, Pham Cam Nam'*
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Abstract. In this article, the N-H bond dissociation enthalpies (BDE) of a series of di-
substituted diarylamines (Y—Ar)-NH (Y = H, NH2 NO2, CFs, N(CHs)2, Cl, F, OCHs, CHs,
CN) were determined using the DFT-based method of B3P86/6-311G with the deviation
from the experimental data (about 0.2 kcal/mol). It was found that the effects of the substitu-
ents on the BDE(N-H) change slightly for the meta substituted position, and a clear effect
trend was found when the substituent was at the para position. The BDE(N-H)s decrease
remarkably at the para site with strong electron donating groups (EDGs) like OCHs, NHo,
N(CHs)2 with the amount of 4.3, 7.9 va 7.9 kcal/mol, respectively, and a good correlation was
observed between the Hammett constants and the BDE(N-H) values. Electron withdrawing
groups (EWGs) increase the BDE(N-H)s up to 4.5 kcal/mol. In addition, the insight into the
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effects of the substituents and the theoretical mechanism of antioxidant activity of these
compounds were clarified via the potential energy surfaces (PES), proton affinity (PA), and

bond length (C1-N).

Keywords: diphenylamine, B3P86, N-H bond dissociation, Hammett constant, proton affin-

ity.
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