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TDDFT and ab initio Sudy on the Quadratic Hyper polarizabilities of
trans- Tetraamminer uthenium( ) Complexes
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Abstract A series of large nolecular quadratic hyperpolarizahilities in donor/ accepter subgituted trans
tetraammineruthenium(11) conplexes [ Ru(NHs) ,LPLA1"* (n=2, LP = 4 (dimethylamiro) pyridine, L” = 4
pyridi necarboxal dehyde (1) , 4-acetylpyricine (2) , ethyl imnicotinate (3) , or n =3, L* = N-methyl-4 ,4 -
bipyridinium (4) , N- (4 acetylphenyl)-4 4 -bipyridinium (4AcPhQ*) (5) ,and n=3,L° =NH;,L" = (4
AcPhQ™) (6) has been gudied by usng the TDDFT and ab initio HF method. It isfound that the megnitude
of the gtatic hyperpolarizabilities3 o increases as the doror/ accepter strength of L°/L” increases. The co-planes

o pyridine or benzene ring are not necessary to maintain the large nonlinear optic properties. Acoording to our
gudy on Ru conplexes, TDDFT method is nore reiable than HF method inf3-cal culation.
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1 1,2,3 ( : nm) LB94 -
Table1l The optimized gructures of molecules1, 2 and 3 (unit: - U ,
nm) [12.13] 3 B
1 2 3 6 B o : By
DFT HF DFT HF DFT HF By , Bec:
N(L®) —Ru 0.2099 0.2236 0.2088 0.2236 0.2090 0. 2237 B = (B2 Y2 i=x,y, z (1)
N(L*) —Ru 0.2056 0.2257 0.2059 0.2269 0.2063 0. 2267 '
HG(N )—Ru 0.2162 0.2266 0. 2163 0.2268 0. 2161 0.2268 Bi=Biu+ Z[®y+ By)l3] 2
(1) B vec B Brec B
4.5.6, C 8%, HRS
HF , ,
, 15 DET B 106:=B o B L> Lt
, , ,  LP-RuL?
Ci,
, HF
’ C Bo (the towleve
DET rmdd) [14 16] [3 10604
, 44 Bo=B (- 20,0 ,w)[1- (2w)*Wer) ']
H , (Wer- W)wef ©)
G , C:. Ru )
6 LA : Bo
45 10° 4,5, 1 PBum 3 PBuw A
6 c [MLCT1](544 nm) 3 532 nm, 1
Bo 10 x 10" esu, 3 Bo(27x10°®
2 4,5,6 ( esu) . : B
Table2 The optimized sructures of molecules4, 5 and 6 (unit: (ICm) (17181
nm) Qoe (1] Ru ,
4 5 6 logB 1064 109 Bvcr : (3
DFT HF DFT HF DFT HF logBo  logBucr
(@) (&) (@ (& (a) () : 1 2, logBo- logBucr
N(L®) —Ru 0.2107 0.2218 0. 2106 0.2220 0.2205 0. 2267 (logBo ,log B cr) A rrex
N(L*) —Ru 0.2075 0.2333 0.2041 0.2328 0.2027 0.2274 [MLCT1] 532 nm .
HN—Ru  0.2159 0.2268 0.2160 0.2268 0.2171 0.2255 , B 100 Bo _DFT
1,2 B Bol ) ,
©) Bo . 3 B
3 Bo( ) . , 1,
2,3 B Bux(D) >Bu(2) >
1,2,3 B B (3) &
, Xy X LP >4 > &
LA , LP LA Y , LA
c=o0 . G B . B
Brooc By By By Bz Byz. 3 B
ADF , DET
B GGA LB94 ,
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Table 3 The ronzero datic hyperpolarizability conponents of

LUMO(a) HOMO(b)
Figure 1 LUMO (a) and HOMO (b) o nolecue 1

moleuces 1, 2 and 3 (of DFT resut , unit: 10° ® esu)

1 2 3
B o 41.98  38.88  32.97
By 0.08 0.38 -0.87
B oy -0.30 -0.82 -1.9
B yx -0.93 -379 -1.8
B 0.19 0.05 -0.08
Bz 0.15 0.4 0.19
B vec 41.33  36.12  31.17
Bo ) 12 10 27
B 1084 , £15%) 362 284 302
N e [MLCT - 1]/ nm 544 520 500
Lanl2dz HF FF B o
A E(FR) = E(F) - E(- F) (5)
o= A E(F) -A EOF)1/[36%-0)1/ FS  (6)
Fx , 0.0075a.u. ¢
) 43 E
) [6,7]. FF
B , 2 B

( 110" % esu)

Buwx=4.83,B4y,=0.07 B,y =

-0.02,Bp=-0.31,8,,=0.01,B,,=0.03,

DFT

Ru , Lanl2dz
(6) . B
4 4,5,6
, 110 ¥ eq))
Table 4

Vil
HF

(DFT

The rorrzero datic hyperpolarizability components of

moleuces 4, 5 and 6 (of DFT resut , unit: 10° * esu)

4 5 6
B 239 326 276
Bol ) 130 410 354
B 1064 ( , £15%) 587 1048 1112
N e [MLCF1] nm 614 688 654
4 CL 4,5,6
B . 4 B
5 6 20 % 4 Ao
[MLCT-1] 532 nm, Bo
LD
4 <4 ,
5 B 4 B , LA :
NHs 4 ,
6 B 5 B
LA
1,2,3 LA,
, 5
p Ru , LA
1 B
B
5 16 : Debye)

Table 5 The Dipole noments of nolecues1 6 (Unit: Debye)

1 2 3 4 5 6
Mx -23 -281 -7.33 154 31.2 40.8
My 2.56 4.34 1.01 -0.19% -1.78 2.89
M 3.45 5.17 7.39 15.4 31.6 40.9
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QSPR Sudies on Sdubilities o Some Given
Solutes in Pure Sovents Using Frontier Or bital
Energies and Theoretical Descriptors Derived
from Hectrodatic Potentialls on Mdecular
Surface

SHANG, Zh-Ca; Z0U, JiamWe ; HUANG,
Mei-Lan; YU, QingSen
Acta Chimica Sinica 2002, 60(4) , 647

logXz = &Vsmin+ Vs max + €1 + dT + €€ owo + f€ Lumo + @

Slubilities of gven olutes in pure lvents can be well expressed in terms of four
theoreticd descriptors derived from dectrogatic potentids on nolecuar surface
Vrin, Vsmax, [1, T and the frontier orbit energes

Theoretical Sudy o the Chemisorption o
Benzene on Si(111)-7 x 7 Surface

LI, YarCha; WANG, WerrNing; CAO, Yong;
FAN , Kang-Nian
Acta Chimica Sinica 2002, 60(4) , 653

A theoretica nmodeling goproach usng svdl and
large dlioon duders repectivdy has been
enployed in the invedigaion o the
chemisomption gate of benzene on the 9(111)-7
x7 suface. 1,4 Dio gae wasfound to be the
energeticaly nore preferred date than the other
two morog  binding dates. The adgorption mechaniam was proposed thet firgly
berzene nolecues are weakly trgpped into a noned bonding precuror dete,
which subsequently decay into a gable dio bonded chemirbed dae.

Density Functional Theory Studies on Vibra
tional Spectra of 2 Huor o5 bromopyridine

AJO, Yong; XIE, Da-Qan; XUE, Ying;

Hll . F7
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TDDFT and ab initio Sudy on the Quadratic N
Hyper pdarizabilities o trans Tetraammine Lf)_\Ru\i\]Eg
ruthenium () Complexes HaN "/NH3

LIN, ChenrSheng; WU, KeChen; Sijders,
Jagp G ; SA, RonglJian; CHEN, Xi-Hua
Acta Chimica Sinica 2002, 60(4) , 664

D: donor substituted
A: accepter substituted

The hyperpolarizahilities vaues of transtetraammineruthenium ()  conplexes
with dfferent dornor/ accepter subdituted were sudied by usng the TDDFT and ab
initio HF method.

Sudy on the Dynamic Surface Tenson and
Adsor ption Kinetics of CigDAC

CHEN, WenJun; LI, GarZwo; CHAI, Jin
Ling; LI, Ying; ZHANG, Zh- Qo
Acta Chimica Sinica 2002, 60(4) , 669

The dynamic surface tendgon (DST)
65\_\*&»\“ o octadecyldmethylammonium chr
60 loride (Cg DAC) was measured
usng the maximum bubble pressure
s method.  The dfects of (Cis DAC)
40?\“\\&‘,‘ concentraion and tenperature  of
) 3040 60 80 10 1o DST  have been invedigated

s sydematicaly and the parameters
(n, i, t", tm,Ym, Ryz) have do been cacuaed out. Combined with
Word Tordai  equation, the dfective dffuson codficient D, and the adsorption
barrier E,were obtained. The adomtion mechanism was gudied and the physca
meaning of DST parameters was d o discused.

Surface tension /(mN-m™")
o
>




