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£ SCE M KIS HF/6-31G(d) Jr ik, X Schiff 5% 4- (2- BREER) - TEE - R 2- AT THIEUR, 8
TR EYMPEERMEGILARESE . B FEW. IR GBEE . FIRERIE, FEBR . HHEFE,
AWM THMEEFHENRATESE HTEERAEW. (1) WUTHE B FEURHEERNAESE, &
TEEND THERERMBEROLEEGR, TRARRNEVRE. Q) AFFRENAESE, REERXR
ABAMMBERE, HEENS FEERIERN TERSE, BNARERXUASENEREE. (3) ABKER
FEERREAFANETERHRERRANEAERN, BEZRRAEAENERN, B— 1 2N EEE. 2
WMTBREBEANFEERAERMNTRERZE BEREBLEYUTIESBEFETRERRPHER, U ELRHS5E
BRRRERHEAT.

XKgin: Schiff B 4-(2- BEXE)- TEE - X -2- M3LE HF/6-31G(d) EERHY
MmAhEfzhhE
HEE. 0611 0641

Schiff ME WBRERFRMMN—LE N K, EEREEARRKNRERNBRIFHEEE
AU REA S RMOESYES R OREER, AT RBHEM N ARG RILT R,
A RAERBEMELENAEAR: F LA ABESEYEE, TENGRASRESH, &
EYERGT BRI T U -4, SEER, RSEZ A ZEM, B T 4EEK, Schiff 7 4-(2-
BEERE) - TEE- R -2- FHAREAHENRALRES, KERFEHHICH R
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HEVEER A FHIE AML J7 535 % # 538 5 4 (9 #3472 (R 40 LA 4 J5 g et
(], ZEMER E, RAMLE HF FES S 6-316(d) BA T #HTHAL , B T4 5K 56t 58
H QST FEHKB, EAM— B, 2 IRC FERIEHBERNEZ, BREITEBE
BEUMHRERNERRE, RUNWANFBRTENFEORN%¥BBERNYRAN¥EHEE
REREMEME. ERNEEE AES, AES, AHO, AG®. AS®, KoKk AES* | AHO" | AGP*,
ASP* B X AT .

AE® = AE...° (B FHEAE) + ZPE (1)
AEC (M BEAR) = AE® + AE.° (JREHBEAR) + AE.O(FEBIHER) + AE...O (FEHEERE) (2)
AG® = - RTInK® (¥ # % ) (3)
AHC* (TE1LHR) = AES™ + AEL°" (JRFNEE) + AE.O™ (5% 3h6E) (4)
+ AE.n®” (EBIEE) + ALRT
AGO™ (E{L B H18E) = AH®™ - TAS®” (5)

A FE R R UG R ASE S A ER, VEEERRELEBEYNESSR
DLERAL T RS RMA R R BB, HERE RO HEARDT:
k=k'T/h-exp(-AG®”"/RT) =k'T/h + exp(AS®”/ R - AH®™ / RT) (6)
AH k'A Boltzmann # %; b 2 Planck # %X,
LRI B A Ganssian 98V AR FFE AL K P ITHLBT 7T FT Dell Dimension PIII-550 3+
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Fig. 1 Atom number, total atomic charge and bonding Mulliken population of the two modes



F2H g . G VLB Schiff 3, 4-(2- BERH)- TEE - R -2- BN LBHR - 217 -

Fl BHETRMQEFEFETFEINEK. BAR_ER
Table 1 Bond Leghth(nm), Bond Angle(°) and Dihedral Angle(°) of the two
Modes Between Non-Hydrogen Atoms

S1 S2 S1 S2
bond length bond length
calc. exp. cale. calc. exp. calc.
C1-C2 0. 1384 0. 1386 0. 1384 C7-C9 0. 1374 0. 1360 0. 1463
C2-C3 0. 1381 0. 1385 0. 1386 C9-C10 0. 1396 0. 1451 0.1343
C3-C4 0.1374 0. 1382 0.1382 C10-C11 0. 1507 0. 1516 0. 1497
C4-Cs 0. 1379 0. 1386 0. 1386 01-C1 0. 1362 0. 1350 0. 1356
C5-C6 0. 1382 0. 1385 0. 1387 02-C10 0. 1265 0.1243 0. 1321
C1-C6 0. 1395 0. 1396 0. 1397 N-C7 0.1343 0. 1351 0.1272
C7-C8 0. 1492 0. 1506 0. 1511 N-C6 0.1417 0. 1417 0. 1408
S1 S2 S1 S2
bond angle bond angle
cale. exp. cale. calc. exp. cale.
C7-N-Cé 130.9 126.6 123.4 C5-C6-N 124. 4 119.9 119. 4
01-C1-C2 123.1 122.1 121.9 C1-C6-N 116. 1 121.2 122.2
01-C1-Cé 116.9 117.8 117.8 N-C7-C9 120. 4 122.6 119.6
C2-C1-C6 120.0 120.1 120.3 N-C7-C8 119.9 117.3 125.2
C3-C2-C1 119.9 120.2 120.5 C€9-C7-C8 119.7 120. 1 115.2
C4-C3-C2 120.1 120.3 119.8 C7-C9-C10 125.1 124.2 124. 4
C3-C4-C5 120. 4 119.1 119.5 02-C10-C9 122. 6 124.1 124.3
C4-C5-C6 120. 2 121.5 121.6 02-C10-C11 117.7 119.6 112.2
C5-C6-C1 119.3 118.8 118.2 C€9-C10-C11 119.7 116.3 123.5
dihidral angle S1 S2 dihidral angle S1 S2
01-C1-C6-N 3.2 4.7 C8-C7-N-C6 -7.0 -2.4
C1-C6-N-C7 -73.5 -67.7 02-C10-C9-C7 1.4 0.8
C5-C6-N-C7 109.9 117.9 C8-C7-C9-Cl1 179.3 178.2
C10-C9-C7-N -4.1 -9.0 C11-C10-C9-C7 -178.6 -179.3

RESI 52 AEERME, BE 1 AEFHENESH EFELMm T, EI S8
ERES FHERBRENATHAEN, ARBAELHKE, SL WA 02-H @38 (0. 0408) &
S2 B9 N-H 855 (0. 0517) , X B2 AR R FHe B i B i B .S1 4 F Y 02 . H JEF,
Hp 5514 - 0. 6367.0. 4618, 1 S2 4rF MK NH JRF, KB i $ 5 510 - 0. 7508,
0.5258, HWLZ T ,EEMEFHEBES AKX, MERMEEBEEHREKX,

XFS14F, 025 ClIEFRNEESs, ERHEKO0.1243mm HLEEHREANERK
0.1220nm £ ;C9 5 C7 BRFZ A2 USRE S, HE8K 0. 1360 HIE ¥ BB MR 0. 1340
KU, X, Ko TFHEE 02=C10-C9=C7 #£TE R, E_ENBNERT, =&k xE
HERETEIHU N TF2HF. 4 FAXELMNBEINBESERER T EANLEEER, X
— R UNEHWSEEL ., 75, 2 4FH, ZARPEAFRHBBABHRAE L S1 9T
ERHVY, KW S2 4 FARNERZ RS R M AER,

HULEHSHEAWTH, BTS20 FHRBRNERERAURS FREERTEREN
W, BES2AFLSI 2 TFEMRNSFRER, XTHITHEKN S, S2 4 FHMERDFIRZ

- 628. 030742 Hartree 1 - 628. 034169 Hartree (1Hartree =2625. 51kJ) #.8, I 4 HH A LR
BAGAERBIURKERFEENFERNLERME SI MARTRERR T LRI S2
Bo XFX—ARIMEETEMITIEFATFRA,
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Table 2 IR Data of the two Modes (unit: cm™')

S1 S2
vibration type

cale. exp. cale.
0-H vibration 3479 3452 3453
N-H vibration 3325 3330 —
-CH =C and Ar-H vibration overlaping 3020 3049 3052
C =0 vibration 1729 1716 —
benzene ring vibration 1588(1447) 1575(1446) 1587(1445)
-CH; bending vibration 1384 1384 1388
arylamine C-N stretching vibration 1307 1298 1294
= C - N stretching vibration 1265 1290 —
benzene ring-CH and C = CH - bending vibration 1173(1082.998) 1187(1076,996) 1189(1073.994)
disubstituent benzene - CH bending vibration 752(695) 766(714) 777(715)

£3 AHEERMENERRESH
Table 3 Dipole Moment Data of the two Modes (unit: D)

molecular XX YY zzZ total
S1 -2.9192 2.2525 1.7617 4. 0865
S2 1. 0071 2.3336 0.7873 2. 6608

MR2TTLVE S, S1 MEREMITEEY & HBEYT, 38 HF 7 6-31G(d) BATHLE
RUFEHPHANERRE FAFRENHARRASENT MEREHERESS KN
THB, WEFUESYHEFEERS AR,

B 3 WA, S1 MREE L S2 BEE, XX FERRENS FREANERAHERA,
SFEERDE=ZHSHR, HEB), ERARNRE . 6 AN FHSTREL BF
PR S1.92 Ko TRAR, BB A WMER ., MESOMNBREHN 545 FHREEX, BT
S1 4+ FRABKRMBRIE, K FRIKFES I MBUL R TF 207, BRI FHEEMA
T ,S1 3 FRIHIIEERRETF. XN S1 LLRAKEFERE T EIRKE.

2.3 RUFHEREPOANERR

SEAR AL & YW 38 S A (A ) AR S b (4 R R X 1 T B AR B X ) M (b A5 bt R
HTTRANFRR (WA 2), LENFERAERBEESHHT R, B TROIEHFRNE
R RRBESHAS, AEEBPERNIRE, Bk, RAITEEE TR LERRES TR
EANFRBITRART RENIRER D FRERVEEHR SR TE 4.

*4 HERMTEHHRBIRNFESH

Table 4 Parts of the Thermodynamic Parameters of the Isomerization Equilibrium*

AE® AE® AH® AG® AS® K®
-9.00 -4.11 -4.11 ~16.85 4.27x107? 8.97 x 10?

% : Unit of AE®.AE®,AH®.AG®: kJ - mol™!; unit of AS®:; k) + mol~' - K
HERATLUEN,ASLE 2HMHIBE—INERABAEE. NI EAERE, %
EXARMEFHELIBREHFEAERS2 TR, REYR—ITRHEREERESY, &8
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Fig. 2 Reaction path of isomerization equilibrium
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2.4 BRMTERNEIZHFHR

1 QST3 FHRIRIES, AARXNEERMIBE—NEhPEEZERMNFE AR
BN RS TRMNE 3, BH ki b, S BIRA AL 1.2 59 O 3 5 BOE Ik R A
HESHNEHME 4, BFERHTATHIESHSE; B S5 ARMIBPRREELRER
(PR, KPR R B AR ARBTL ) ;3R 5 S T AL A ES 4 30 11 2 308 .
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Table 5 Parts of the Dynamic Parameters of the Isomerization Equilibrium*

reaction AES°" AH®™ AGO” AS®* k(298. 15K)
forward 331.94 337.82 319.33 6.20x10°* 7.0l x 10~%
reverse 191. 16 190. 51 191. 13 -2.09%10°° 2.03x10°%
2 forward 222. 80 222.09 222.24 -7.19x10"? 3.21x10°%
reverse 372.58 373.52 369.28 1.42x10°? 1.24x10°%
*: Unit of AE®*.AH®" AG®”: kI * mol™'; unit of AS®*: kJ - mol~! - K; unit of k:S""
(l? (FHJ IH.\ 3 i OH CI:Hx
H>-C—C-HC =C-HN ~fe Hed =C=c N-—Q =—== H:C—C=HC—C= N—Q
k¢
H HO
H3 FHNEFRGBMNRNHKE
Fig. 3 Reaction path derived by kinetics research
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D(C5-C6-N-C7) -95.9 D(C5-C6-N-C7) 112.2 D(C5-C6-N-C7) 5791
D(C7-C9-C10-02) 166.3 D(C7-C9-C10-02) .179.7 D(C7-C9-C10-02) -7.0
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B4 REGIESRBEDBRENHLEREHSH
Fig. 4 Geometries of the transition states and intermediate compounds

(units of the data and the atomic number are the same with Fig. 1)

REL1RCORFLITBRMNEEFAL 13 IBSREF B ENTR, RAMIELEER
331.94kJ cmol "' RAL 2B NRBFEHBRNERTRAE 13 IBES CO FTFHBENITE, R
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B F A SO B R R RIRAL, AT LABUR, , a0 R 3R R e AR PR 0 b 4T, ot T3 AL
WO AEFTEEBRMAESE, ROLHE LR & HE RN SR BT G, SOAERE M
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FEHRHEWE, LTRFFEL 'HNMR B EFRFTEE, ERERNEZRPEEC=C=CH
-OH HiER W E REEI 254 ', X 5B ITE BB PR A SHFEMAY S, HITEBAR
PRGN REEFE, RITBRAOREESGETE,
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(1) HERILAHE, AFEAUSEAMEXNERERY, S2 EXARMIERNBRKN T TR
SREAMBEAXNIRERBN, EHANEERR, REIRENEERME XN 2ER
P RERR RO T ISR

(2) HEMHBRERN, HXEARERES SI EEFWEN S TRERRE, WERH
G FRIFGRER B AH T REMER. XX S1 EEFMEUKBEAFERS T HELK
#o

(3) BAERMH A EUAERERHA, S1 0 2 HAUNWEERMR AR NFE BRI, B
EIX—HATTRIELRIBR, HEXERREEERARNEULE, BT S1 S HF
ERBEN,
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Ab Initio Research of Organic Ligand Shiff Base
4-[ (2-Hydroxyphenyl) Imino ]-2-Pentanone

YANG Hai-Feng WANG Hui DUAN Jin-Xia RAN Xin-Quan SHI Qi-Zhen WEN Zhen-Yi*
( Chemistry Department, Northwest University, Xi’ an 710069)
(* Modern Physics Institute, Northwest University, Xi’ an 710069)

Based on the experiments, using ab initio HF/6-31G(d) method, Schiff base 4-
[ (2-hydroxyphenyl) imino] -2-pentanone was studied theoretically. The geometry, electron struc-
ture, IR spectroscopic property and dipole moment were calculated. The isomerization equilibrium
was also analyzed with thermodynamics and kinetics. The result shows: (1) As for the geometry and
electron, imine-enol mode is more stable than enamine-ketone mode because of stronger hydrogen
bond and lager conjugate system. (2) As for the polarity of the molecular, enamine-ketone mode has
stronger dipole moment, so it has stronger intermolecular force and can exist in crystal easily. (3)
The isomerization equilibrium that enamine-ketone mode changed into imine-enol is supported by
thermodynamics, but because of big activation energy, the isomerization equilibrium is a kinetic
stable system. Analysis is given to the reason why the existence of polarity solvent can make the i-

somerization equilibrium process. The above results are all in accord with the experiments.

Keywords: Schiff base 4-[ (2-hydroxyphenyl )imino] -Z-pentanone
ab initio HF /6-31G (d) method isomerization equilibrium

thermodynamics and Kinetics



