gizs Hom B B O ¥ ¥ B Vol.12, No9
19596 £ 9 F ACTA  PHYSICO-CHIMICA  SINICA Sep.. 1996

ZHE 2 T WESF R FRBIBR

RS LB
(FEPLEBLST RGN, 4TI SREHEHNRIRAZRE, LK 100080)

ME 7D EREE, ORE -2 SieRe EILEN AT E WA AW - KM TS THER
BFHMET TR AREN, ESehhT N, HTF IR TEFEE i ahn LT R
ER—tF@ELE 1 {8 3 URAREFRSHEFERTE, HES, 10DPP # 1 fi¥EsFH
J3,0-DPP ) 3 ¥S5 95 REFEMNER K TERREN RS S5 BT S8R T 7
Wi @FReEe, AN, EFHBa¥ERE #T 1o-DPP 1 30-DPP , RREBTFEEMN
HE. HTHEKRR RRERTHHER N,—Cy ZM.

KR - uEERESW, BTHE  STHAR  BREREMES

HEHETFRBRFLSREAZRVMFENER, BTN TR 2 B A 5K AR 9T S
z— 1 miwgolib 4970 EME TR £ TR aFEBFR BREOTOL R—HRiFmM%
Feith ], TR TR RSN, AMZFEWRENTRE. BT HS
FRMBRFRBIIE Y R4 20 Fmilh, EReam s FLla R erRa sk,
Bt FHATFNAEEILTEN “58E -CN-N- %31 difgishem Y, HExLy A
B SR " AT (Y. Morley 25 A B CNDOVSB FIERFST 2- mmemkas b a4 ER
Wk BM A, TERMNATEPESFRYLTEERE B RIERISS —358 -2- ik
{66 A BOG S M % T A L R B S ARE MR TIF SR, WRERFLS
WA RN RFNTE Y 2 e T A s o Ul o, TR 2- iheem
AL EWELE THERNS A AP B it A E AR EE L.

Ay RT 2wk ( PZL ), 13 TR -2- vk ( DPP ) LIREEEE | (33 BT
#4i (1, p-DPP) | @4 (1, m-DPP) f4H (1, o-DPP ) EREE DPP fi7E8itdT i
FAREIE, MWL 3 (R ERRMRIRE T P W RR R LSRR AR RN
EWNE TSRS BEREMSFIE (MO ) #iTad, TRETFHRBIRIR.

1 H®/AE

HEBBSRRRL, R BRITEAT MOPAC iz 101 dogy AM11 n @i
It RS -2 WM (I 1) LTS YR B F A KA YR ) 34T PZL R H B#R
1, 3 fram 0 RACHER A FEGRE, 8. MFTkELESNRERRE (5) M2
BT T Atk fi 3. otk 2408 93 A~ kR A Broyden-Fletcher-Goldgarb-Shanno
(BFGS) Jrik [13-16] g Eigenvector Following (EF) Hik f17],

1996-02-22 T4,  1996-04-20 dF A BEA, &85  * BRASEEEERENSRE



"315\ "‘.‘f 1-&[;]&/

c Cr

B 1 % -2- g XooRm
Fig.1 The scheme of diphenyl-2-pyrazoline molecule
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Table 1 The structural data of diphenyl-2-pyrazolin {ground state)

Rond Lengthiangstrom) Iiuu:i Angle {degree) Dhhedral {degree)

Ny —Nz  1.361(1.336)7 s Np-N, TTOB(109.4)  Cq—Ca—N,—N, T
=Ny 1.325(1.333) Cy—Ca—Ns 112.7(112.G) Ce=Ch=Cy =N (.6
=05 1.526( 1 488} LBEET P 5 1N H{102.4) g — My —!'\2 (a SR L
Cr—0Cy 1.544( 1.521) Ce—Ny—N3 119.8(121. []} [ BT h‘r 172.0
Ce—N I AZR[1.432) Cha—05=N; 125.7(120.7) {-:|-2—{':3—1.'\r2—:\-| 741
C12—Cs 1.455(1.408) Cira=Cra—Ca—N, 173.8

a) The data in parentheses are the experimental values from rel 6.

B R EBeay 2 2- steesas S aadin, ROUBIFEBIM ey T
F 2 MTRE EHREHEEREY, PIL SEFHNES DPP agiErpR
el Ny B REEATAFEFRESFE, Ni-N—C3-Cy WAk 5.04+1.5° M, M
Cr—Cy—Cy—Ny BTFEFUFERLTFIER. Co—Ny=No—Ca 89l AF41r 148.043.5°
AT, W Cra—Ca—No— N, Jo#hh 174.541.2°.

AT 1| (5 3 IR MAUEIE (1, oDPP #1 3, oDPP ), ST, BAEHF
SR 2 BT R AW, SRR AR MR EFERE. MF |, oDPP, i
C7=Ce—=Ny =Ny 4 46.1°; TI1E 3, o-DPP o, 3 (i ¥ FBEH TFHEF, —fH Ca—C1a-Cs—N,
090.0° XM, N, ESITHEFR 1 CEFRMERSIET & - HAMNER.
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Table 2 The optimized results of some dihedral angle in 2-pyrazoline
and its deviatives for ground state and excited state
The Dihedral Angle®!

Da_apy Ds_y_ap Deoyozea Drogoicz fhaos—aoy Dha—ys-aos
PZL 4.3 -0.1
(-0.2) (0.0)
DPP 4.4 0.6 -146.6 173.0 -174.1 ~173.8
(-6.3) (5.7)  (-1624)  (175.1)  (171.0) (173.2)
1, p-DPP 3.7 -0.3 =151.2 170.4 -175.1 -174.7
(0.0) (-0.0)  (-180.0)  (180.0)  (-179.9)  (-179.9)
1, m-DDPP 4.3 0.4 -147.3 169.8 -174.2 -172.9
(~0.1) (0.1)  (-179.9)  (-180.0)  (179.9) (179.9)
1, o-DPP 6.2 . ~1.0 -144.4 46,1 =172.9 -174.9
(0.9) (3.1) (177.1) {89.0) (177.2) (171.0)
3, p-DPP 4.4 =0.7 -14%.5 173.0 =174.1 -173.7
(~0.3) (0.2) (-178.7)  (179.7)  (179.8) (179.6)
3, m-DPP 4.5 -0.7 -148.2 172.7 =174.0 173.7
(5.5) (-4.5)  (161.7)  (-1757)  (-172.6)  (-172.9)
3, oDPP 3.4 0.2 -147.8 171.2 -175.5 901
(0.0) (-1.0)  (1767)  (1782)  (179.9) (90.3)

a) The data in parentheses are values for excited state. 1,3 refer to nitrophenyl substitu-

tents at Ny and Ca, respectively; p-, m-, o refer Lo para-, meta- and orthe- nitrophenyl,
respectively.
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FEEY i MBS 180°. 3T 3-0-DPP, 3 fr33RHY Ca—C); S fh f9 %1% S35 448
Bl “HEH Cia—Cp—Cy—Ny 4% 90°, MAHTF 1-o-DPP, 1 fi3H0 N, -C; @%hay4H i nl
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Ny Bk S B 0 SRS .
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Table 3 The component of frontier orbital for ground state and excited state

Compound FMO Ground State Excited State®!
FLL LUMO N”" {Dﬂal}‘\-; (0,421 )CF* [0.458) Ni‘{uu?‘r}l \1; [0.A34)CE® {0.425)
HOMO L (04 ) NEE (0.0o8)CE (0.249) NT*(0.367).N5* (0.147)C]* (0.380)
DPP LUMO N?‘{GIQI}CF‘[[!IE'E} Cg¥® (D.034), NP*{n 230), c;{o.:za\.eg' (0.048),
C E- (0.02), L’“' (0.016), C“i[u 101}, c "‘{u 034),C5%* (0.047),C7¥* (0.031),
(‘ 4 (0. unﬂL 2 (0.180),CT% (0.03T), F : (0.0486), Gfg(u 088), 072 (0.111),
;;{n{nan} NE=¢ -y T}u usz; , )
HOMO N, ""¥{0.282 (0,053 (0118}, “{0.245), N5 (0.000),C5° (0.141],
P (0.070), C”"[n DER), (:’“”{u 112}, c"" (0.088), c"- {0108}, r‘F= {D.0895),
g*:” (0.077),CF1 (0.031),C78 (0.025), *5 (0.023), Cf; (0.042), (‘J’= {0.060),
0.038 U (0051
1, p-DPP LUMO Hi*gom&; f‘g'[u D69), C"“'{u 210}, *’Tiu.t?a;, CFe{0.192),08 (0.109),
c;* {0.025),CE" (0.083), -:* ¥*(0.136), CL¥*(0,043), CF {0,020),C5% {0.091),
Siomhaiomchom.  ghiomm oo chom)
4 ! (0.084),C08
N{;{u 72}, Oi';{D.DE?] ob: (0.052) N
HOMD *(0.279),N3 1l'}[I?I](; {0017), NT= (0.216), N5 (0.082),CFF (0.174),
C“*[umﬂ] C‘“'{n 070),Ca ¥ (0.099), ChriooT1), CF (0.099),C1F (0.077),
Cor(0.o76),CTs (0. um}f‘ 1 (0.030), f‘F' [0.028), cP- (0.05 i},(:":"i{n.ﬂ?-‘r}.
ot UM E: Em:m 1; CP'{? :m]} - }:Eu 064) » Lo
1, m-DFPP S{00031), 05" (0.104), G {0.180), *uzu]c*uzuuo*(u{ﬁt]
i*‘[n 13|]c*i5:u 022),C 'L.{D 200),  CE(on34), CF (0.081),05 (0.054),
(0.122),072° (0.084), 0 * [0.083) f‘;; (00556, cf.-,[nma}.{:f; (01017,
2(0.086)
HOMO  N{P==(0.286) NE= (0.067), 08 (D.120), r\f“ (0.230), NE= (0.009), {“P*{u 162}
CE*{nnsn} CR¥* (0.071),08" (n.o78), I:"" {0.080), c,;":u ugd), CPr(0.075),
: {nm‘nf?’-mmn} U (0.0}, ;;{ﬂﬂm} ofy fn.nnl}.{:f;{u.ma],
C 5 f‘ 5 7
1, o-DPP LUMO E“i?t‘fi ']rIE] C 'F’[':'IE:H?EEU}. ?**i?t?gfl} C ’""""[{I 223),
i'-’“ (0.068), f‘g"{l} 04%9), r:" ’"(u 038], Ci"’"[ﬂ A,
& (0.221) NS (0002 ), }u Y036, h;;t (0.073),
ﬁ""[n 063 ), 00527 (0.065) O e¥ (0.059), 07" (0.075)
HOMO \: "[n_zm}..ﬁ;;“([:_mn,{:;’;*{ﬂ.ma], Nl“i{n a4, '\r’f’{umfz}c“*{wnm}
ClE (0047 (0.043) CFF (00106), ClEinoz4), O {0.053), 077 (0.063),
F{U 5] ! (‘f (AN
3,p-DPP LUMO AT [0.107),Ch s (0.015),002 {0.205), NiE{oone), CF (0057).CE: (D027},
Fs A Ae P P -Fe
H{0051),00 (0.078),C7: (0.175), Co {0.026), CF* (0.036).078 (1L025),
}f’{ﬁrm] < (0.0a7). ru,:{umrﬁ} Lj’ﬂ[uwf] ¢l fo. 081).CH (0143),
FICHMACY "BE:;;I;” EEDEES?E; ol (u.128), ’“Eﬂgiéi gL—EEEﬁﬂ.Cﬁ‘(U.nU].
c"f‘-{uw:} Coo¥[0.074), ("‘"{0.12.5}, CIT 0ood), CFF oo, CF (nua6),
L1“’{u L84, ("‘= (oz2), 72 (00027, s o), GF‘* {0054).072 {u.mu]
CP:{o.023)
3,m-DPP LUMO N-]" (0.040).C5® (0.038),C13 (0.063), WEs(0.217), CF (0.206) CF* (0.037),
C;'[u 035), Cy’[u 158],0 T‘;{n 1949], [ ’"[n D28}, CR= (0.033). {,"’"{n 02i),
Egiﬁ;} MR (0.003),07% (0.066), PPEETH C""{Unsmﬁ H{0.142),
HOMO N; *(0.286), N5 (0,038), L"";[O 125}, [xi?[u 260], \1;=[u.u'm].c3‘-[u.12:u.
C"' (0.091),C5¥* (0.0T5),C. % (0125), CE {0.020), O {0.100),05° (0,131 ),
o {u.ua&],f.‘-f; {0.022),C72 (0.024) r:“ﬁ‘ {111, c‘P* {0.037),0 P* L{0.044),
¥ {0.038)
3, o-DPP LUMO Ci;‘{uusj CT# (n.220), CF: (D.08T), Lj’ *[0.216),07¥ (0.170).082 (0.064),
CL' {0.054), c;;‘ (0.225), C”; {u 013}, c;; {0.055) c’“ﬁ[u 155)NTE (0.120),
\’L‘{UD‘)::]G (0.06T}), L)ﬁ;,(unsﬂ; prnnen Q5 {0.112)
HOMO {D!'Jﬁ']h (0.022),C50 (0.121), (0.308), N '[nﬂ?] Gl jo.98),

CEe(0.111),057 (0.087), c“* {0023},
C,,"[u.ts-:}.cff”rlu.um‘q

che (0.061), CF* (0.067).C7 (0.067),
01} 10.066)

a) HOMO and LUMOD refer to 50y and 5303 respectively for excitod state,
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SER b MEEEELE 3 (ORI EHURE, WSl R TFh N, HERBE 3 (EUa R
b, WESMeE, o TFAGmEGEM (3,pDPP # 3m-DPP), BTFRAHBE N,-C;
20E]; TAMTAEM (3, 0DPP), BT RAEJRE 3 RAMHERE.

2.3 it

ELH AR T 2 sEeks, I -2 EeEak RRSEEAE R E O MR R T A4 A BE
Mok BH A LM RL N S T, S, BEImT AR

1) XA, TR TEE, rosirg, N EFemElant R rarm. o
TR 1 (A UEIRHRER (1, o-DPP), 1 ¥R SHIKFMMY 46.1° £6; @
BAE 3 MRS (3, 0-DPP), 3 iR GHIERER.

2) BEBE, SFILEASEAEM TUASHERA THRAEL. N THELLTEFHRAE
(ECRE RS, 4T A R P R T R B A S i B A L P AL TR AL AT AR
Hefbwh, EE37E | 25 E (1, 0 DPP), | A dEEAu SRR 46.1° M ES
Y 00° ; HWILEE 3 MR L, MM TES HMESUTEERLR 3 EH5HEKHMR
Rk 000,
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B2 BmaifE | iR L.

4) TEEETE 3 R L, SHEMETMA N, 8 n SUESBE 3 (X L 2k,
WL TRACME R R (3p-DPP), BFRAFBE No-Cy 20 T TR
(3, 0-DPP), HFREFEED 3 fixH L.
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Study of the Intramolecular Electron Transfer of Diphenyl-2-pyrazoline Compounds

Guo Jianxin - Zhang Qiyuan
{ Institute of Chemsitry, Academia Sinica, State Key Lab. for Structural Chemsitry of Unstable
and Stable Species, Beijing . 100080)

Abstract The molecular geometry and the electronic structure of 2-pyrazoline(PZL),
1,3-biphenyl-2-pyrazoline (DPP) and their nitro derivatives are calculated. The results
show that atoms in PZL ring in ground state are not located in a common plane because
of the existence of the lone electron-pair at atom Ny, and the benzene rings at 1-position
and 3-position deviate off the plane of PZL ring. For the excited states of 1,0-DPP and
3,0-DPP, the corresponding benzene rings are perpendicular to the PZL ring, and the elec-
trons are transfered from Ny to the corresponding benzene rings. For the excited states
of other cases, the benzene rings are nearly in the same plane as that of PZL ring , and
the electron are transfered from N, to the position between N;-Cs.

Keywords: 2-pyrazoline compound, Electron transfer, Molecular structure, The
first excited singlet state
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