R T ML b ¢ Vol., 2 No.!

1986412 1] JOURNAL OF INORGANIC CHEMISTR) Dec,, 1984

ow P ERN v oo - -

BE (2, 2 BWR)ET (1) EEY
B S MY TBAO S {25tk FR

%o
CiliZiRBER FE)

AXHLT RA(2,2 <HE2)H(IDRGWEFWENRCHE—K P —& 5 4
2 fa KACE WM ATTK 97 B~ LEAH S, AbamFRRELALRBHLRA, &
Rk KA AS540nm, F—354 4580nm, AEZTHFPMFOBRALKLMLHY, LF 4
1515, ‘ : A .
254nm . 300nmA5M4nm BB HT, LAEMHASTSREEHN, B4R LA L, £
Br— KA CREF, 53l M254nmA514nmBB 53 X A AR B, &G #H AT A Ru(bpy),
(Ng(CH,CN)*, @Gl £269%F T & % 4 51 50,129 £0.008mol einstein™ & (6,77 *
0.22) X 10 °mol einstein™; A& LH-—7K ¥ A514nmi&4, % & 69 £ * 45 £ 2 Ru(bpy),(Ny)
(CH,CN)*, & & A Ru(bpy),(CH,CN),**, B2&dpil 23 F = £H(5,32+0,13) %1074

mol einstein™

XetiE: k¥ ReFS BFFE B2, 2 -BE@RDF(IDESY

LA, A RARERA IR R TR . BRI, 27— B £ (MDA
(ECNG R A BGREE 2 s MREL L™, Moo MRILHIT RER 2o B REN,", 1 oM/
o (BZECIIEBGEL A Picis—Ru(bpy),(Ny), o H,O(bpy = 2,2/ —Bmtmg), M tapEif
AL A WL

FEQIRTREL YR AR FAvENTE S (C DI oL QIDIIRRES IF G Th B2 2F SPied (0D
{ERZEE LT A JEHACR N, 187 BB B ALEIRN - P S IRAH B I, % 70 1Y P LA
Voo A CHRT: eis-Ru(bpy), (Ny),- H,OFE3X 275 ifi FoBFFE 45 Bl — 6 Ye M B HE I

S R
1.5% 7
cis-Ru(bpy),Cl,« H,O i 21 Strem4\ ®]scis-Ru(bpy ), (Ng),« H,O,[Ru(bpy),(Ny)
(CH,CNOIC PFa)'HzO&[Rll(bPY)z(CHsCN)z]( PFa)zl“lﬂ%%ﬁ%’&’?ﬁiﬁfﬁ]?’i&ﬂiﬂ e,
ECF19854 9 A5 B,
R R A B B R



4*4” EE E_f( (2,27 —~H)€"lt“¢)*]’(ll)ﬁ"‘%IJJ’ﬁ%FﬁTHJ’E{Erl‘f“' &

C’S‘Ru(bp}')z(Ns)z H OH:ZJJ% FP'BU&%%% H’JEE JRiH %ﬁie(M ‘, cm">:%7450(555
nm); 8550(383nm); 41000(298nm); 28600(243nm), 5ICERRFf97100; 83405 41000 K
28600 (ZEARPLAYIE KO KA —% ., MKBrE R RBAVIRAHEE2000em™ B EBEE W i
B MR 1, 3 PR MO S e UE B il AU ABET AR R AR 1, R E RO R AL A
%8

2-&%

Perkin—Elmer 281%UIR¥i#{L; HP8450 UV—Vissy ¥ & it; Perkin—Elmer
Ls—513%4y 8 i; Beckman ¢71%IpHit K Varian Model 37005 M6 L,

LW X

AT RERI e RN, ERTRIRER S P B THERTHE—K(T0V /30V)HiE
B, JEERSTIEHETT BRI e R . 2R AEFER, 1L&EN,HhE fEd
PRES F2 it lR(Sephadex CM—C25), Bk 5Fe™ B R GEC 42", M Nk
YES IR, TE455nmPECBEE .

Fosr i A A SHEEMARN. F—ERNEAYCHEEREALRL, % R
KE, 2% ARG LEAES o8 FASHRGIERMERLFHREESE, AR
FRRATCRE, HRBOLHERMEL SRR A WO ERMA254nm BT HZELMEE . Ot s
&, REBUER PR SRRIT o0, BARSHImRhL.

4.5’&0&&527‘:‘%

FRRPEALFRRG I, 254omAEBICERIT, HBELTE2.6%x107° einstein 5715
FE TR RS Unm B B, FHA—MHRFEERERETY, AHEFEA 1em
BEMkbaih, JIRE#AHR1.5% 1070 einstein s™Y; HAbik-K 2007 Hg—Xe 4T H3tiE,
BAFERRN, B TIHIE A lemRE RO 2R B, iR kR H%3ml,
KR PR S EaRT AL o & IR RLRE M A E K BH T, st
HHI R H99~100% o

JEIREE Ho T 2 P — A B B AL S RN, 1500 MR E R RE B B2 it N RV R 1 4
Ts T AR AT —RIE, REFHETRREFiH, £264nm, 300nm BE, {#
AR DT, E514nmBE, MEREMREKIELLIT,

5. NEHR

cis=Ru(bpy),(Ny), H,OZZ I RZME — 7k, Ny~ 208 807 e B R 26 3 K 534nml
ERIRREE R, RREIHE MA—ERNRADIRES, B, ks
W, WELH8.4x 107 M, Alla(D, - Dy, ) 3B t fEEICD R EHEE, B B/h
TR B RN, MR RS, MR B e SEEN h— &, Jt-=
2500%D .

6. RS T BT 7= it N
PRI R 1 PR Ky AT 165 1nm FRETRS & M0 JERRIRRY,  SL4L R PR A 816



22 x #l . B 2 %
Tt SR A LB CRUBIRERANC, MA.B.CHMRIERRRA

Ca= FaC, " CB: FBCo | ‘Cc = Fcco (1)
X W F ARELLGIRECoffysr BOR B AR . ML AILER D 1 cmbf b
Dg::GACA+85CB+8CCC 2)

Do R WM SICHIE, e ABRIFHEREC AC1C2)RBH]

¢ = 'QO"EAFA +epbg+ecFe (3)
C, & |
Ho Fe=1 -Fa-Fy (4)

CHRICACS YT

F,- e —¢¢ ~Fy €~ &
Ea—EC &a" % -

MR ERE K, BEMNE e EIRACSIR, M EFE-&E&NE R(A
S ER 0 B 1 TERD . ERE R, B EKTEES—RFIE £ A7 1E R,
SRRELE H =Ry O F 1E, AW H EE —BHR AR R PR R . XM, 15 6 2 #%
W, R Bi#cis-Ru(bpy)y(Ny), H,OfikECAREEM = MBEK LB &R . &%, 1
ZAFEK NSNS ESHAEFALT T8, WERE &K, XK Em/hERB%
AR (L 4, B 7).

TS Ohs— 71(':}7, ;ﬁ514nmﬂﬁ§‘f0is_Ru(bpy)z(Ns)z'HzO(A), tLjﬁ'{;ﬂa};&tRu
(bpy )5 (Ng)(CH,CN)*(B), (MR HEEBMIL, W ZuX Rt st R, IR
Heor i, RAAH ATHKIE T RBOLREE TR B RkA

(5)

(en— £5)(Ca— Co)+83ColnC - Taadal g gy
Cy v

) (6)
B, Lo/ B ABEIRE; DS Mg KRaeE, VRBRERK AR, L
bﬁ(m&ﬂ%mﬁ(rﬂﬂmnﬁﬂ ~%Eﬁ,ﬁ%mﬂ$aﬂ%%w$mm%gmm
Jt??/T ‘ ’ ‘ '
S - —éeada %—,/‘ . 7))
Mk IR P S A R AT H B B
#254nmFN300am MG A AWK —/KIEK, BRHFBQ)HEREIE B HL A
Mk ECa, WHBERC6), (7 )"L‘f‘%;lﬁAo

3 ST

1. 5BRXRRENNE

cis—Ru(bpy ). (Na), H, O LRE R E M, EHRBOGIEEIZ/MHATEEL, BEL
Wik, EMBREDRSTHRAEZRR, HBRIOER™HHRu(bpy),(N,) (CH,CN),



A A BET(2, 2/ - — BB T (ID RS Vi B AL 2R B 23
Lbr by XFHUR AT, BRANZEBOEHE D RE A BRI %NS
At — 2 .

ky

~B (8)
ko

ke 1Ry S A TE TR0 38 1 S B2 FO S P 46 2, "

N J
[(EN (N
[ ( T

0.03

Dt-De: Ay

L2

0.2

0,01 * \

0.00Y [‘ \\

o.uoe

0.001 N N N N i
0 2.5 L0 ) o i

[EERTIEN

B1 cis-Ru(bpy)e(Ns)ye H, O ZBE—K(70V/30V)H1,
22C WA i — R
Fig, 1 Pseudo-first order rate plot for cis-Ru(bpy)a(Nys+H,0
in acetonitrile—water(70V/30V)at 22¢

(A _ (Aduy _ je-ikar
(A CA), €9)

R A CAYFICA) sy BChABRE, RHE] t bR t A — B bRl Al FR LB A B B,
PHAEIME, = 1,2,3, y aA~5EHEHERELNRY » k=k +k, ELE
R b lem By

D,=e,(A), +eg(B); (10)
(A)y=(A)+(B); = 13“’*' (11)
MC10Y(11)5%45
(A),= «,QL:_‘?{LA_),“ ; (12)
Ep— 88

FERE t 4 — B[Rl ] B8  t i

(Adip = - Dy ae—e5(A )0 (13)

[-7 S 31

B3R 7



24 T Uik ¥ i

(,A.),i, — (_.A:_)ifl - 4.1.),::_9_&,&..,,
(A, (A), (ea—ep)(A),

Fh& iR C o) (1) R 14) 1%

Dy~ Diae= LaCen - 6‘3)"61 Je ikt

2 ¥

(14)

(18

10Dy~ Dysg)3id tIEERE— B 2R, HAPRMREME SR WHEHHK, £22°C, Ky,

=(1.38 +0.06) X 10757, MIFHE 2SR E HIE51E,

2. %k

H—DRERHELEL .

Bl 2 feeis-Rulbpy )o(Ng)y e HyOfEH §F - C8BE(GBV /1 V)RITK A AR, fH245nm %

relative strength

A thnp

PP PP

480 560 600 il

B2 cis-Ruthpy)a(Ng)a H OEFREE— 2B V/IV)h77TK

B IBASH B I 63

Fig,2 Emission spectra for cis-Ru(bpy)e(Ns)eH,0
in methanol ethanol(5V/1V) glass at 77K



a4 Fie BE (2,27 -— B i1 (ID R F 1M e ML e R 25

KA. ERETE A 206nmFN3760m 4y MR, BRI B A R
08, HEBoAAA540nm, ) — 3 AE80am, H'5 cis-Ru(bpy),(CH,CN),** #
AR A P B A MBI RS E . XS APt R, 1B RAMNEERS X
BRIE S B Ru( IR A 101, dneis~LRu(bpy ), (py ), H(C10),(py = HLhE). Ru(bpy),
(CN),, Ru(bpy),CLE M. 1M RN IELILE17000cm™ K 16000cm ™, H A I HEE Ry W
AN, RS RIS TIFE RIS R Tt . 3TN Heis-Ru(bpy),(Ny),«H O fEH 3
TTK WP LA e A RRE M, BT ARSI &R 1 77 # (LMCT) Bk g,
R %A A e T X A R AR O O sy, RET 4 RB M kB
(MLCTYBRSEM =42 09, Hle— K TFERu( T ) & T4, B8 — /A~ TR R2, 2 — Bk
HERER R HUE R § —a* R &, HBAG) > ()% a*) R (d>a*) o FHHIAW
T MERRAERRIT ., YTl LA THEIEE b JUE BT (2* 1), ¥
REFSTFUMM d —n* B REBERHBEBBG d —*WEE, HEBESRI K.

COERAWERET, RIS ERRNG BB kg 2%, 7E5300mBeR, W E =i

110 ( — oo s s Y T

abservance

.4

Ml

M3 iRIERN.48 x107*Mieis~Ru(bpy )2 (Ns)z« H 009 Z B 180 F
514nm B &I IR VR 1Y
Fig,3 Absorption spectra changes during photolysis
of 1.48x107*M cis-Ru(bpy)a(Ns)2H,0 in
acetonitrile by using 514 nm,
BE(FRPEE) ERE-- K TR Z AR RSN A7
total irradiation time between dashed line, initial

spectrum, and final solid line is 37 min



26 I # 1t, '?"- 2 %

Fﬂb&ﬁﬁﬁ““ ﬁﬂ#i’%ﬁ%mmnm@mmw‘éﬁm, ﬁﬁ:}v\&ﬁﬁhmzﬁ&, R
RSB 26 10nmPHr, HR5 4 <ibas,

4R ERE

FERE— 7K 2540m FIZECIE R Snm HBEHEE AW, TR U X EAeM
Vil B8 FoRELNE AL 4nm BB OE#RBE (. BEHBREOLH#E 5 Ru(bpy).(Ny)
(CHCN)* 7213 BEN 0 B O e — 3, X BB LR PR Ol iR — AN IRR B2

h
Ru(bpy),(N,), + CHacN’f:fRu(bpy ).(N3)(CH4CN)* + Ny~

(HELHE Kb, JH2S4nmBBHHRE, A RBN 2R A% — S fRr-4: g, B
s, TRAMERHEBIRIN, EEIL%% m254nmRE§‘fNaNsH'JZﬂﬁ-7kiﬁz&,%ﬁﬁJNaNs
SR®L.

{E5 14nm B 5% B A4 0 LB ﬂl-dﬁﬂbﬁlétﬁﬁ}tﬁ’t’ﬁz'ﬁ%:iﬁ*im&éﬂﬁim&k%
. BRI TEX R Ru(bpy),(N;)(CH,CN)*, B—Rb i #Ru(bpy),(CH;CN),** #
DOLE 4), HERSHCA66008), 24 BARubpy),(CH,CN) X5 5 %, ifi RuCbpy),
‘N,)(CHSCNV@@.{;%%, cis-Ru(bpy )s(N3)y H,OMi & 2 %o XHEK B, cis—Ru(bpy),-
(No) H.OTEZLHE hiH kR TR &K, WA 5 Fix.

FECH—ks, HAsunm@BiHLRL A, RN, 5ZEAERD R, W L /E KRy
(bpy),( Ng)(CH,CN)*, #ififk fRu(bpy),(CH,CN),2*, JesyfEnt, M RBEi%mE{t
“THE 6 o JERMALHIMT:

Ru(bpy).(Nsy), + CHSCN»fiLRu(bpY)2(N3)(CHsCN)+ + Ny~

hy
Ru(bpy ), (Ng)(CH;CN)* —-Ru(bpy ),(CHsCN),** + Ny~

RutbPyHICH ON 3

23 PR g__},_l_ N TS
> RUBPLNTY, « 0 ) 0.

RutkPrpanerion e

A4 Fﬂ514nmﬁf"ﬁz.m¢lﬂﬁcts ~Ru(bpy)a(Na)ee HyOR I 4 B 5 47
Fig.4 Composition analysis for photolysis of
cis-Ru(bpy)2(Ns)g*H:O in acetonitrile by using 514 am



4

(Fa baMCy U 1'5(]\“12.

Mk BB (2,2 —HiD) D RS HR DML R R

N

0

//

/

Py

/ lop.. LRS-
byowasy qo Y

4

-0.2 | -
/ K
-0.1 F g
A i K} I\ 3 3
o100 /0N 1 1s0n i

tl

H5 EEBETES4nm B BE 2P cis-Ru(bpy)o(Na)2 HoOif R BF 7= 5%

I )

Fig.5 Determination of disappearance quantum yield for

.80

0,60

absorbance

N0

photolysis of cis-Ru(bpy)s(Ng)2*H,O in acetonitrile
using 514 nm by a gr‘aphi'cal method

NN
YRS N
IR N L ;
5 AN, ~ i
o .\”\\_“*\«.\ ~ {
s~ T |
e,
fh, 00
L . i 1 i . . . .
ane nan o 130 RIH 356 B B30 0 Tan R
b

e H514nmIE4rE1.4x107¢M cis-Ru(bpy)atNgH,O -
B ZL I —7K (70V /30V) Bk B IR iz e b B0 35 1,
Fig.6 Absorption spectra changes during photolysis of

1.4%10°¢ M cis~Ru(bpy)s(Ng)zeH:0 in acetonitrile
~water (70V/30V) by using 514nm,

BREEGE SRE—- &S 2 MM BN ER 7 o8
total irradiation time between dashed line, initial

spcetrum, and final solid line is 7 min

27



2%

58 x M H® ¥
RuibPyieCon
\
\
b
\'\
/ 0\
\\
\
5
! N\
\
\
P AN
E S .Y . o
o ¢ Ru(bPY)ANOCILON ¥

"
cis-RutbPy (N5, » H,0

B 7 F5linm ¥ Mcis-Ru(bpy)a(Nads HOM Z -7k
(TOV/30V)BHI M ARSH

Fig.7 Composition analysis for?p'hotolysis of
cis-Ru(bpy)a(Ng)s*HaO in acetonitrile—water

(70V/30V) solution by using 514nm

LR TER of
i
, AN

Udo

i
§na B30

,
S0t

B8 Fi254nmBAH1. 2% 1074M cis-Rulbpy)a(NgdaeHyO
i Z R AR B B R YR 1

Fig,8 ' Absorption spectra changes observed upon irradiating
1.2x107* M cis-Ru(bpy)a(Ns)2*H:z0 in acetonitrile

by using 254nm . ‘ .
RARDGE) SRE—~ &SRR ZAN B RS E 22845 .,

total irradiation time hetween dashed line, initial spectrum,

and final solid line is 28 min



%’*43’31 BRG: %ﬁl:(z 2"—E)Eﬂlt%)%I(II)EEA%E”J%#&@*EI%M ’L{Eﬁ 29

=R ELK R % #CF%;% Ru(bpy)z(CHSCN)z“é’Jr':‘%“/. Ru(bpy) (Ns)
{(CH,CN)*#156.2%, KR PAYcis-Ru(bpy),(Ng)oH,OMAE0.8% CIniE 7 Fiok). Bty
TERWR I & T B Ru(bpy)(N)(CH,CN)* [ & F 7 % £ (5.32£0.13) x 10™*mol
einstein™!,

ZEAYECN R, (BFH25amBEN, BRI 56 14nm BB S A R
R BEAT, #77 WL K e e R ity e (LR 8 ), IR 4, B—7% 4 T 8 aWr=Es
15385y TH, BARXR—ANIOMEE, BEWREELIBRIBRERN:, Ho-ER,
Mt ERu( I B RARuC T ), i — B HALBIEE.

HRABRESS6nm B R LG IR/D, THE Ti% A A WA CRS e 25 4n m B b Ho i 458 BN
B, RUIRME R R R B — Pl B O B A M E R R R VR EE,  JHIRRE
SRR, I MR B AR, RKBR T2 (0.054£0,003)mol einstein™,

cis~-Ru(bpy),( Ny),+ H,O76 R R FIAUR F RSB il S R T RA T 1,

-3 Cis—Ru(bpy)s(Ng)esH, OB i 2 & F = E
Table 1 Disappearance Quantum Yields of cis——Ru(bpy)z(Na)z'HzO

dlsappearance quantum yleld (mol emstem l)
irradiation wavelength (am) S - -

CH3CN——HzO(70V/30V) CHSCN
|
254 | 0.1290,008  0.054%0,003
300 \1 (8.8%0,7)x1073 intensity is too weak
514 : (5,32+0,13) x1074 (6,77 %0,22)x107%

M 1A, KRS 4nmgE T, B|F7FRMBIK BEAERERBHTEL
B R EHUCR B, A4 REIN, AT EAE B 5Ru(bpy ). (N )(CH,CNY* B#i &k &0 HLH K
i, BARRLEURRRL, (Ba%er= i R = hobnme, Fik, &P REETH Rk
o BWE LRBIFER R, M254inmBEH R 7=, HERMEHHAS UnmEET
Koo, XWREE M FRMER, Mk TN, 5kaf@-winga.

i, AR TERE LER N AR, BT A. W. Adamson#FHBH38S, M. Cimolino
WL MER R, kBB AENE, RMLAEAHGEE, WE.

$ ¥ X ®

[1] Reed, J.L,, Inorg, Chem,, 20, 2590 (1981),

[2] Brown, G, M,, Callaham, R. W, and Meyer, T.l., fnorg, Chem,, 14, 1915 (1975),
31 Dukes, E, K,, Wallace, R, M., Anal, Chem,, 33, 242 (1961),

[41 Chen, Z., Cimolino, M,, Adamson, A, W,, Inorg, Chem,, 22, 3035 (1983),

(51 BEx. mE4E. BBRE. HRE. WK, L¥EER, 2, 10(2983).

[6]1 Hatchard, C. G., Parker, C. A,, Proc, Roy, Soc, London, Ser 4 235, 518 (1956),
[7]1 Wegner, E, E,, Adamson, A, W,, J, 4mer, Chem, Soc,, 88, 394 (1866),

[81 Sheridan, P, S., Adamson, A, W,, J, Amer, Chem, Soc,, 96, 3052(1974),
[97 Adamson, A, W, A Texthook of Physical Chemisiry, Academic Press, New York

P, 686 (1973)



30 £ 8w % 2%

[10] Krause, R, A,, Ballhausen, C. I, Acta Chem. Scand,, Ser.A 31, 535 (1977),

[11] Klassen, D, M, Crosby, G. A,, J. Chem. Phys., 48, 1853 (1968),

{12} Durbam, B,, Wilson, S. R,, Hodgson, D, I, Meyer, T, 1., J. Amer, Chem, Soc,,
102, 600 (1980),

(13] Crosby, G, A,, J, Chem, Educ., 80, 791(1983),

[14] Walters, R, T., Adamson, A, W,, Acta Chem, Scand., Ser, 4 33, 53(1979),-

{153 Luria, M,, Treinin, A,, J, Phys, Chem,, 72, 305(1968),

[16] Verneker, V, R, Blais, M,, J, Phys, Chem,, 72, 774(1968),

PHOTOPHYSICAL AND PHOTOCHEMICAL
PROPERTIES OF AZIDO(BIS-2,2" -
BIPYRIDINE) COMPLEX OF
- RUTHENIUM(1)

Chen Zhong

(Department of Chemistry, Shandong University, Jinan)

Photophysical and photochemical properties of the complex cis-Ru
(bpy);(Ny),»H,0 in organic solvent and acetonitrile—water have been inves-
tigated, The complex, exciting with 245 nm etc,, exhibits stronger lumine-
scence in methanol—ethanol glass at 77 K, The emission maximum is at
540 nm and a .second weak band is at 580 nm, Emission from methanol is
weak and of lifetime less than 15 ns at room temperature,

When the complex was irradiated at 254 nom, 300 nm and 514 nm, the
mechanism of phdtoreaction and quantum yields were found to be related
to solvents and wavelength to be irradiated, The complex to be irradiated
at 254 nm in acetonitrile—water and at 514 nm in acetonitrile results in
photosubstitution reaction, last photoproduct is Ru{bpy).(N;)(CH;CN)*, The
disappearance quantum yields of the complex are (0.129 +0,008) mol einstein™
and (6.77+£0.22)x107° mol einstein™® respectively, The complex was irra-
diated in acetonitrile—water by using 514 nm, the photoproduct was found
to be Ru(bpy),(N;XCH,CN)*, and then to transform into Ru(bpy),( CH;CN),**,
The disappearance quantum yield of the complex is (5.32+0.13) <10 *mo]

einstein™?,

Keywords photochemistry emission lifetime quantum yield azido (bis-2,2'-bipy-

ridine) complex of ruthenium (JI)



