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Liquid Crystallinity of Palladium Complex of the
First Generation Carbosilane Dendrimer

ZHANG, Qi-Zhen**® YIN, Xiao-Ying? LI, Ai-Xiang® WANG, Yan®
(® School of Chemistry and Chemical Engineering, ® School of Environmental Science and Engineering,
Shandong University, Jinan 250100)

Abstract The synthesis of a new palladium-azo complex of carbosilane dendrimer of the first generation
(G1Pd) was described. Twelve 4-nitroazobenzene groups were used as fragments and attached on its periph-
ery. Azobenzene groups of carbosilane dendrimer underwent ortho-metallation by reaction with PdCI5"
giving paladium(l1)-azo complex. The structure and liquid crystallinity (LC) of G1Pd were characterized by
demental analysis, '"H NMR, *C NMR, IR, UV-vis, energy-dispersion X-ray analysis (EDXRA), polarizing op-
tical micrography, DSC and WAXD. The phase behavior of G1Pd in LC state is K122¢h1891166¢h90K. An LC
dendrimer having novel structure characteristic was given, which has metal coordination bond and meso-
morphic moiety. The high-strength disclination was first observed from cholesteryl LC state and dendritic
complexes of liquid crystal and LC polymers.

Keywords high-strength disclination; palladium-azo complex; cholesteryl liquid crystal; dendritic poly-
meric complex
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1.1 XEFRF

Perkin-Elmer 240C 2 7C % 73 11 Jeol Fx-90Q 1% 1
IIRAX; £ Linear B4 /Aw] LDI-1700 BUJE Tk
AR LS R AT I E] BT (MALDI-TOR-MS), ¥ K
337 nm, JiE I miz 0~60000, Ak 3-4-15] W 5 4 1
Nicolet FT-IR 20sx ZLAMGIEHY, 2L HPBA51A B A4
FEZIRL e T, RER i X SR (EDXRA)
PHLIP 9100 /& J1; & ECHR BTl Xintian XPID Y ) it
W45, Metter $4 4 ; Perkin-Elmer DSC-7 T AL (T %
IRIE%: 10 “C/min); Rigaku D/max-rB 4 X S T (=
0.15405 nm).

KCl A1 PACl, Jy2pbrali, A-fltk-4-38 O IR Mm a0k

(M) FPY (= GURE N ) ik be (M 2) 2 [ SCik[ 1) 77 v2: B 7.

12 4-FHE-4-BRCSEBRAXEREHMIPAEE
X

0.0781 g (0.44 mmol) PdCI, 1 0.0781 g (1.048 mmol)
KCl & 8 mL ZE1R/K T =i fiFF 6 h 1520 #6 (4 K,PdCl, ¥
(A ). 0.1372 g (0.4 mmol) M1 ¥%F 25 mL THF 15
PEAHTH(B ). ¥ A MR A B, FT25 CHil
P50 h, FRRL G, TIE, &R &L THF JEof
N 3 FEEZMIK, MHAmETIE, KKK, Sk
LTG5 M1Pd 0.1601 g, 7% 82.6%. A2 Hralifb[fE
JEHFE, TP V(THF) @ V(2 F%)=3: 1], ¥ 0.1060 g
MIPd FELLER AR, AEZHTICE 66.2%. m.p. 155~185
C (W), UV-VIS(THF) Jma: 368, 488 nm; 'H NMR
(CDCl3, 90 MHz) §: 1.49~1.84 (m, 16H), 3.68 (t, J=4
Hz, 4H), 3.85 (s, 2H), 4.06 (t, J=8 Hz, 4H), 7.02 (d, J=4
Hz, 4H), 7.96 (d, J=4 Hz, 6H), 8.35 (d, J=2 Hz, 4H); IR
(KBr) v: 3426, 3041, 2926, 2854, 1581, 1525, 1342, 857,
358, 316, 242 cm *. Anal. calcd for CagHaoCl,NgOgPdy: C
44.65, H 4.16, N 8.68; found C 44.54, H 4.20, N 8.66.
1.3 M-[=-G-FHEBREXECEE)ERE]RER(GIL)
BIE B

SR SCHR[L) 572 B ML FI M2 4% GL, 7= 72.6%.
m.p. 68~187 ‘C(#ii); UV-ViIS(THF) Anax: 376 nm;
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'H NMR (CDCl;, 90 MHz) 4: 0.62~0.81 (m, 16H,
Si-CH,), 1.36~1.72 [m, 104H, (CH,), fll Si-C-CH,-C-S],
3.76 (t, J=4 Hz, 24H, Si-O-CH,), 3.96 (t, J=8 Hz, 24H,
Ph-OCH,), 6.91 (d, J=4 Hz, 24H, 2,6-Ph), 7.85 (d, J=4
Hz, 36H, 3,5,5-Ph), 8.25 (d, J=2 Hz, 24H, 2',6-Ph); **C
NMR (CDCl3, 75 MH2) 6: 13.97 (4C, S-CH,), 22.61 (4C,
O-S-CH,), 2542, 29.01, 29.59, 3252, 32.68 (52C,
R-CH»-R'), 62.73 (12C, OCH,), 68.13 (12C, Ph-OCH),),
114.82 (24C, azo-3,5-Ph), 12294 (24C, azo-3,5-Ph),
124.55 (24C, azo-2,6-Ph), 125.50 (24C, azo-4-Ph), 162.81
(12C, azo-1-Ph); IR (KBr) v: 3042, 2935, 2866, 1602,
1580, 1522, 1501, 1344, 1268, 1256, 1225, 1201, 1179,
1109, 1092, 1045, 1018, 1008, 860, 801, 766, 684 cm ™.
Anal. calcd for CogH2aN3604sSis: C 61.99, H 6.02, N
11.41; found C 61.70, H 5.99, N 11.36; MALDI-TOF-MS
m/'z. [M-+H]" 4416 (calcd 4418), [M+Na]* 4444 (calcd
4440); FFPEREE 5] [CHCS, (25+0.05) °C]: 5.310.
1.4 OO-[=-@-HEBREXECEE)EREERER
AM(GIPA)BIE A

iR 1.2 Wik L e KoPdCl, F90 N
% 0.1792 g (0.04 mmol) G1 ¥ 30 mL THF %+, T 25
CHig#k 60 h, LJE, &I A THE PR, A KEZE
PRI T, WIRIK . 8. LBk, 15 0.2181
g GIPd BioR, /=3 79.4%, FEZHTAlAU[IENAE, RETTH
V(THF) : V(Z.1%)=10: 3], 5 0.0861 g G1Pd ¥k, 4
JEHTR 79.6%, m.p. 122~189 °C (i ¥); UV-vis (THF)
Jmax. 368, 488 nm; 'H NMR (CDCl3, 90 MHZ) 6: 0.80~
0.92 (m, 16H, Si-CH,), 1.24~1.76 (m, 104H, C-(CH,)4-C
M1 Si-C-CH,-C-Si), 3.78 (t, J=4 Hz, 24H, Si-O-CH,), 3.96
(t, J=8 Hz, 24H, Ph-OCH,), 6.93 (d, J=4 Hz, 24H,
2,6-Ph), 7.88 (d, J=6 Hz, 36H, 3,5,5-Ph), 8.26 (d, J=2
Hz, 24H, 2',6-Ph); *C NMR (CDCls, 75 MHz) &: 14.00
(4C, Si-CH,), 21.13 (4C, O-Si-CH,), 25.56, 29.36, 29.65,
31.90, 37.17 (52C, R-CH»-R'), 62.86 (12C, OCH,), 68.47
(12C, Ph-O-CH,), 115.03 (12C, azo-5-Ph), 123.07 (24C,
azo-3,5-Ph), 124.05, 124.63 (24C, azo-2,6-Ph), 125.46,
125.61 (24C, azo-2',6-Ph), 133.11, 133.46 (12C, Pd-C),

147.06 (12C, azo-4-Ph), 148.42 (12C, azo-1-Ph), 156.23
(12C, azo-4-Ph), 162.96 (12C, azo-1-Ph); IR (KBr) v: 3040,
2930, 2857, 1581, 1524, 1343, 1201, 1009, 858, 803, 685,
358, 315, 241cm *. Anal. caled for CopgHs,Cl1oNasOusPdiSis:
C 45.72, H 4.09, N 8.13; found C 45.85, H 4.16, N 8.09;
Energy dispersion X-ray anaysis (EDXRA): Cl . Si : Pd
=12:5:12.
1.5 HRRXSFEESY(GLPA)RIER =N E
4.8002 g M1Pd ¥ T THF, %49 1.00X10°° mal/L (]
MIPd¥, Bk 1.00, 2.00, 3.00, 4.00 15,00 10> mol/L
ZINEIR, M Are=488 nm AEWOGEE A, 3 A MBS 5
4 0.094, 0.197, 0.286, 0.377 fi1 0.475, 1EKEITG—HLE, MK
HATAIELRLR & (BRI G R 20 N 453X 10° moleL eem 7,
Fic ) 2.50< 107 mol/L ) G1Pd f] THF 3, 3L Ape=
488 nm A1) AfE K 0.281, k7T G1Pd 4L % 1 (%):
20.55 (calcd: 20.57).

2 HR5WE

2.1 WHEIRK S FEAY(GLIP)RY UV-vis itk K H 3kt
BT @

MR 1 & 1A, (D)RCHA MR GL 3 — AR
e, (HHECAY MIPd Al GIPd %1% T — S8
I (488 nm): M1Pd (368, 488 nm)Fl1 G1Pd (368, 488 nm)
{140 P A TR AT e e 7 AT ), 65— RSO U £R7 (488 i) A [1] 7
1577 G1Pd (48 & I ER A, T M1Pd 2/
T, AR S, L MAP S hsvEY R, BCHIA
AR B VA, L 488 nm AbWROERE, YRR, LA & JF
T G1Pd HIAHR 5 (QELA#I(MLPd, G1Pd)f1 5 —
W UEE (368 nm) 4 LT Y. IR LA (M L, GL) i)W Wi U6 (376
nm) S, BCA PRI R e JRE J I Ol 2R 0 L IL A4
%t A R RBRAR; ()M Ghedini P HL4 R AL
ZRAT IOU A, AR B S AR EUR Y BT 1 DY BC A
Z5R(W. Scheme 1), XMh&S 4] TR ZECR LT, TH
M LLREAT S - % S R Ak I R, R R G I S )
MAPd([&] 1a)FIB AR K2 T A4 GLP(K 1b) 1ot E
AR (s - ITG  R Ak ) 386 e /o6t Y A3 T M2
AR ERAR K57 GL(E 10) e s ek

R1 EEYMILTARR) UV-vis Gl
Tablel Dateof UV-visspectrafor complexes and ligands

1 Ligands Complexes
c/(mol-L ) “1ymm 1 Ly 1 “1ymm 1
AmadNM emad(moleL “scm ) Amaxd/NM Emad(mMoleL “ecm ) AmadNM emad(MoleL “scm )
3.00X10 > M1 376 2.963% 10* 368 1.733x 10* 488 9.53x10°
250X 10 ¢ G1 376 3.448x 10° 368 2.256X 10° 488 1.124%x 10°
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3,4',5',6",8,10', 14", 18", 28", 1, 2, 3, 5)M 4 5b- il Wil sk

(a) M1Pd; (b) G1Pd; (c) G1
Figure 1 UV-vis spectra of complexes and ligands in tetrahydrofuran solution irradiated at 360 nm for different irradiation time (t=0,

1,2, 3,45, 6" 8", 10", 14", 18", 28", 1', 2, 3, 5)

(a) Mesogen complex M1Pd; (b) dendritic polymer complex G1Pd; (c) dendrimer G1

22 WA S FEREY G1Pd MEMIAE

G1Pd 1) 'H NMR i (402247 8% 5 e vk G 56 78
OFHEAR B, AN[FZAb A IRER b S R A 0 F 0 T
U, AR GL R AR KRR LY 2,6 47, 3,3, 5,5
A2, e ATy 2H D 4H D 2H, TR A Y
G1Pd f N4 U TRIARLE S 2H @ 3H & 2H, %KY
PACI5 HIRBCA 4k PUBC A (Scheme 1), %45 #g 4 —
A Pd 5 24 CLERBCAT S, 5—A N R 3,3, 5,5
fi_E—A~ CH B Pd-C o B, HRAE 'H NMR 45 H (1 ¢ i A
Eb, SEUMEEEAEIL I 3, 3, 5, BIUAML B A — My B
M8 Pd—C o BEHUY, GL I 12 BB A R dE, ol
HIF. £ BC NMRilH G1Pd tb G1 £ T BN, il fr
BEAE 0: 133.11, 133.46 4b, ‘EAT1HJE T G1Pd A TUF1 B Y
gE R PA—C o BEMIRIR T IALRS, R UIRERIR KA T
G145 PACI5 HIRBCAL RIh A1 GIPd A FUAT B Y 45 44 f A7
£, G1Pd At G1 H e i J5L 1) °C NMR i 4k 2447 A5 5L
AR AT, Ron T4 ie i mim. IR
1, G1Pd tb G1 #4117 358, 315, 214 cm ™ * 25 21 4k X i

Bk, XFR Pd—C o BEMMTEIL. GIPd IR, K3F C=
H T 4825 fih 3 5 6 £ B {F 803 F11 858 cm M4k, 444 G1Pd
HAW 1,24 = KABARG Y, 1T GL A 1,4- —HURE;
14, GL[FIZKIF C=H [H4 MR shisAr & 7F 801 cm *, X
& GIPd 5 GL I IR %1 73— X Jll. G1Pd 55 G1 1) IR ¥
(5 B ) SARE R A s i 2 1343 B 1524 cm 4351
VAL T AR BRI R i 45 U 106, 3040 em ™ diF
WA R AEAE (I 4R 506, 1201 J% 685 cm 404k Si—
CH, B 1) 59 3048 1 A 4 ik 50, 1009 em 2 S—O—
C B AE IR SN I6. 1581 em ™y HEFNT 24 5 FH 5% 75 I
AN A IR ) (T S, MIfTiF BI7E GLPd 1 G1 (145
FIRAFAERIR, A B, RS- BRI R -RdE. e
FAT C, H, N R SRR S 5 B (S BRI (AR
7, Energy dispersion X-ray analysis (EDXRA)H] Cl :

S PAEEREE A 12 050 12 LK GIP ) UV-visif 1)
488 nm REAIE IR I U (1 A7 7 38 SR BB BOIR K 43 1
AL AL A4 (GLPd) (1 5 4.
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a6 B S BIFE L 155 CHifk, 188 Cik
FNHSEA, 195 CH MRS, I+, PudTHE 2
190 ‘CJa P4 meE, 185 CHBLEHE, 170 CHE#HiK K
TE AR, 162 CTE ) S s TR 2384, e 55 H 6 AR
(P s TESUANTR], J& Sa A, 2= 150 C4hd. M1Pd ¥
R ASARAT A J& K155S5,1881186S,150K. 1M Hefic A& M1 i
FHAT A J& 124N1311129N120K M, 35 g X 5 J2 (L)
Y MAPd 4 S LR M1 7 30~31 °C, WEsE T
57 C, WibAEXAS Y LARCAAR N 5% 26~27 °C; (2)fL
R FIR, BLAH R Sa .
2.4 WEARKX S FEREM(GLP)AIR R 1%

T s WL ERE 118 C sk, 185 CIFUA I %
) [ PEAL AR, 189 CIAFNE S, 195 CH/MHIMS.

FHC—AE, PR THE S 190 CJ BE ML, 5169 Co
BEK KT AT 200 (&) 28), 165, 162, 155, 150 i1 140
CTHmERZ (K 2b), HIE(E 2c), PUR(E 2d), et
(¥ 2e)FIZLRE (K 2f)ZURHEAE, 109 °C 4h dh, RIS B A 36
IY DR IFTE G i B VR B AR SR 3 BT R, TR BB
e Z M 2 DT Sa A, (H SaFHTCEE LM, ScAl T
WAEREFS TG« 2 KRB, Se A WA L TR
IR B R BUL SN, (A = Teatginy, Bt
FESA IR S, Se, SEAH, MZIAHBREGEE, (0
HER B, PRIARAS & 2 AR, 4, e IEARS
JiAH, KRV T5 A, 875 A0 K DY 7 A A R RRAE. G1Pd
WoR AR, WEL, BB, 2, HEFFRIZUE SR A2
FRRAE, WO g IS AT A, AR Ghedini 2513
m, BCEY GLPd o XUARZ B AE (1) BT & 4 FH X% 46

Bl 2 BARCIRI TG GLPd 1) (o it e I
Figure2 Polarizing optical micrograph of dendritic polymer complex G1Pd at different temperature
(a) 169 °C, cholesteric batonnets texture; (b) 165 °C, cholesteric polygona texture; (c) 162 °C, cholesteric fan-shaped texture; (d) 155 “C, cholesteric cell texture;
(e) 150 C, cholesteric texture with oily streaks; (f) 140 °C, schlieren texture



No. 10 IR,

—ARBREERER SRR T 7 RS 5 L 939

(AZOY(IN&H), EHA®E—C o #, &E—N #
4 g -4 . RECRIE T A RIS, I
— IR BRI, o TR g, L%
FRAFAE. GLPd Ak 9 A i R iy ik ] 2 s ot =R e =X
B A BRI B R R A R e X R R
] —H0 SR T TSR R IR, Bk, 46T Pd—C o
AR PR B (C) SR 1 HAT AN XS R (Scheme 1), G1Pd (1) 12
ANFETTAL Y 6 4> A Bk B gk, BRI HA T A0S
FREGH IR RerE, WoaT SR IS A S A, HhAh, 2T
FAIISGE SR ) SRR H B 4 RS 5L, T4 s 8 1 46
AR (1S B by HE L, i A §5S AH 5 81 AH 1R S0 SR
(1 I 5 5 R | SHEL Fo VP AR5, 1 G1Pd WL%¢ %51 6
ISR, JomsssReE S=—3/2, Wik T G1Pd
MR A8 T C MR, 45678 o MR,
Z A, MY, WML, SULLRIFESE, e h IH S AH
A WA R 2 K 2 iR Sa Bl ScARM, Zedi1g
B ) SR S, AN AT SR AR 51 AR
WECR KT, AR S AR IR K 7 71 5 LART RS - 5
IE{FS el

7 140 "CAERE B AL IS¢ 3 12, 8 F1 6 2% PR Al 1 4L
LW (1 26) DR RITERE 7 1) S5 e 1y e 7 A i,
HOL A RS (S i, H SRR —3, —2 f1—3/2,
L) T 2 T RSE 5 Al B 1 B £ TR A 3 R A L 1 AR
%, XY Mehring 1 Saupe B TN —20. 7EREHY
Bl g P I, B R I [ R TR R AL B By T )
WG, SR E IR ZAAR, It GIPd (1 i o ) A B
SCH SR AR LS. Rk 12 B K 8 BISUE AT 4E 20 “CiE
il R EA7AE 45 min, RIS Rl A, BRRi/e
YL B T A T B A LS B s A, 3k
A7) B8 R T 051 S AR B g I e L2081 A S AR 1 451
IEL S AER0 AR A TR v R T A L% . T A AT B AT 4k = KA
ERREDIR S T A o i U 52189100 554 g o L
B SCHRAR T AR AR OK 7 7 I & T o, A SCHRIE
(1t 2 [ 5 PR ML 5% ) e i 491

WS X R TR VIS, BTk A IS A B T
A T R A TRV A AS TR A L. e s T S I 5 7 A 1)
JEUIRI AT RE A S R T VE ORI 5T, % ek e s T
THT, VB0 e 23 - (R ) R T A Pt X3, B9
DI 900 5 2 1 0 S A Bt N R 2R DL RO R A T
RO T B g A I B, S5 BAT T4 ol
S8 EI 437 PO IS FH R Sc M PR TR R B A2 v
)R IR G A B SR, AN SCHRE S 55— B o, B0Vt
BCR RS F R AR R R B BE D) AN PA(I1) 7535 5
A ERVEEIAAE P GAP H v 5 1 A B 0 R A

3 J# 2 4 G1Pd [t) DSC £k b g, THE
R (Hh 2k @) o 3R, 63 °C I i AR, &

AT R AR, A LT R 2. 122 CH R
YA (To) I, 189 C R ILE re mi (T, T, W2 i ib ph 2k
PRI T B s T T iR I B A R 5
G, BOARY 48 BTG A G RE I IR e PR R
Rl i 2 (Hh 28 D) T B T UG, LA U TG il 25 (1
2k ) AR AR, R DR v B R v A o A g il 2k
b G F2 I (AR T THE th £k (Hh £k @)ty AH;, JR IR ST
WL FERE A T PR, R b IS (AH) T
TR (2R Q1Y AHm, X2 T 7E R R TP AR f A
ResCasah i, A0 R IR 4 D S BT 8. L —
FE, FAETF(HIZE o) B (Hh £k d)ii ik, 5 ik alfy X il
Mgk ¢ B EIE L N (189 C)ARH4RLETHE, R T,
U P A A T 2 AR i ) R Uil B, DR ih 2 ¢ DU
T, 127G AH; B2 AS Bl B TEIR KA L4 T 44y
fiFt, FTLLihZk d il ) AH, 23 KT #hk b (1) AH;, [R]
M2k d 1) AH, 2K 4k b 1) AH,. DSC 2511 G1Pd
HAHAR IR R K 163K »,122¢h1891166¢h90K .

65.0

Heat flow/mWw

1 1 " | i 1
50 100 150 200
HC
B3 WHEAR KD FEGY) GIPd F 2 w2 A
Figure3 DSC curves of dendritic polymer complex G1Pd
a—Sample 1, 1st heating; b—sample 1, 1st cooling; c—sample 2, 1st heating;

d—sample 2, 1st cooling

Kl 424 GIPd [ X HHEATH B, FE N AR A fn A
WRIENFR M Z AT (I 2 1), THEGER:
10 ‘C/min)% 190 CHf, /NMAARWIEN L, T Mif
IR (I Ee 2) R mFE AL T2 PR S, Bl (T
5 CImin)% 155 C T Ak AL X PR EE 3 min(th 4k 3), &
M) F14E (20=20.6°) 11— i IR HUIEE, e B TR IR OR
S FRCA YA S0 P4 2 d=0.44 nm [\ HES . T
A0V T L5 4 1 [R) PR R AL, 2R BH 4 1R g HE S G
AN B O S T T G 2 B e SR W B IR 5 S SR EA S K
A RE SRR IR ) AUAR A WAXD HHZREFIE. 285 mt
WHEE, DSC A1 WAXD 25 4L\ G1Pd W7 JIH §$§ AH W i
A, HANAT A K122ch1891166¢h90K . 1 Hifit 4 G1 1)
AHAT hy J& K70ch1881 185ch58SE48K . 3 1 X il 4 (1) i
LW EE AR T 42~52 °C, B G 2 L
WTbE L COm#AGEFE) s R 19 C(AEIEFE), Bl&aw
FIVOT AR X ELBCAR %S B1~61 C; (QE &) L4/
T S
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R 2 WMEIRKSTFEEY) GLIPd ) DSC %
Table2 Dataof DSC for dendritic complex G1Pd
Sample 1 (7.290 mg) Sample 2 (7.460 mg)
Heating Cooling Heating Cooling

T/°C K163.32K,122.12ch188.65I 1164.38ch85.46K K,62.91K,122.28ch189.03| 1166.02ch90.33K
AHI(3g Y K;1.545K ,8.016ch26.00I | —3778ch—0.616K K,2.869K,7.57 | —15.34ch—5.369K
AS(3g K™Y K0.005K ,0.020ch0.056I | —0.009ch—0.002K K,0.008K,0.019 | —0.035ch—0.015K

K: Crystal; ch: cholesteryl; I: isotropic.

155 C
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Figure 4 WAXD curves of the dendritic polymeric complex
G1Pd at different temperatures
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