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15 Emission lifetimes were measured wusing a

16

described previously.
Nd:YAG laser system described elsewhere. Low temperature, 77 K,
spectra  were collected using a liquid-nitogen-filled quartz finger
dewar. Solid samples were placed in an NMR tube and sealed with a
septum and parafilm. Acetonitrile solutions of [Ptz(u—CN(CH2)3NC)2(u-
CNCH3)(CNCH3)2](BF4)2 were placed in a two-compartment photometric cell
equipped with a teflon vacuum valve and degassed (a minimum of 6

freeze/pump/thaw cycles) on a high vacuum lime (limiting pressure <

10'3 Torr).
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RESULTS and DISCUSSION

The electronic absorption spectrum of {Ptz(CNCH3)6](BF4)2 reveals a
shoulder at 296 nm and a larger broad absorption band maximizing at 272
nm (Figure 8.2a). Reinking et al.4 report the molar extinction of the
296 nm absorption as 4350 cm™ M™' in acetonitrile. This complex does
not luminesce in fluid solution or the solid state at room temperature;
however, upon cooling the sample (powder) down to 77 K, yellow emission
is observed (?\max = 542 nm), see Figure 8.2b. This result implies that
some facile deactivation pathway exist at room temperature. Since
these complexes are known to readily undergo thermal and photochemical

homolytic bond cleavage, the rupture of the metal-metal bond may be one

of the temperature dependent deactivation pathways.

In order to synthesize another class of bridged clg-d9 dimers, a
colorless acetontrile solution of Pt2(CI*~ECI'I:,’)62+ was added to a color-
less acetonitrile solution of dppm (1:2 stoichiometry). The reaction
was immediate as evidenced by the resulting bright orange solution.
The absorption spectrum of this solution shows a new absorption at 452
nm; the absorption spectrum is presented in Figure 8.3a. The solvent
was evaporated and an orange solid was obtained. Free CNCH3 was
detected. NMR analysis of the isolated complex clearly revealed the
presence of the dppm ligand bridging two platinum centers & = 5.57 ppm;
see Figure 8.4. Bands attributable to methylisocyanide were located at
6 = 283 and 250 ppm. Several smaller peaks, unassignable to the
starting material or the proposed Ptz(u-dppm)z(CNCH3)n2+ complex were
observed. These peaks are presumed to be decomposition products and d8

monomeric Pt(dppm)(CNCH3)22+,” from comparison with NMR data of sim-



Figure 8.2

(a)

(b)
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Electronic absorption spectrum of
[Pto(CNCH3)g)(BF 4), in acetonitrile (300 K).
Absorption maxima at 296 (shoulder) and 272 nm.

Uncorrected emission spectrum of
[Ptz(CNCHB)G](BF4)2, powder sample, 77 K. Emission

maximum at 542 nm.
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Figure 8.3

(a)

(b)
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Electronic absorption spectrum of [Pty(u-dppm),(u-
CNCH3)(CNCH3)2](BF4)2 in acetonitrile (300 K).
Absorption maximum at 452 nm.

Uncorrected emission spectrum of [Pty(u-dppm),(u-
CNCH3)(CNCH3)2](BF4)2, powder sample, 77 K.
Emission maximum at 604 nm. (A grating anomaly

occurs at ~667 nm.)
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Figure 8.4 lH NMR spectrum of the methylene protons in the
bridging dppm ligand of [Pty(u-dppm)5(u-
CNCH3)(CNCH3)2](BF4)2 in dg-acetone. 3J(PtH)

coupling 58.4 Hz; 2J(PH) coupling 9.3 Hz.



241

EPm

5.6

=



242

ilar platinum(II) monomers. The 31P NMR revealed only one phosphorus
signal at § = 4.41 ppm.

Similar reaction between sz(CNCH3)62+ and dppm afforded Pd,(u-
dppm)z(u-CNCH3)(CNCH3)22+ which has been crystallographically char-
actcrizcd.8 Based on the palladium reaction, the platinum complex
obtained is presumed to be Pty(u-dppm),(u-CNCH3)(CNCH;),2*. Of course,
additional characterization and possible structural evaluation is
necessary to confirm this structural assignment. Attempts to grow
crystals have been hampered by the slow decomposition of the complex
when in solution. (Futher loss of CNCH3 is detected when the sample
remains in solution for prolonged periods of time.)

For this new dppm A-frame ds-d3 complex, as for the studied d9-d9
starting materials, no fluid solution or solid state luminesence at
room temperature was observed. However at low temperature in the solid
state, orange emission was detected (?‘max = 604 nm); see Figure 8.3b.
Reaction of Ptz(CNCH3)62+ with bis(dimethylphosphino)methane, dmpm,
afforded a complex similar in absorption and emission properties as the
complex formed from the Ptz(CNCH3)62+ + dppm reaction.

Additional reactions between Ptz(CNCH3)62+ and other  ©bridging
ligands were investigated in hopes of wunearthing a dimeric complex
which did show fluid solution emission at ambient temperature. Reac-
tion of Pt?_(CNCH3)62"' with 1,3-diisocyanopropane, CN(CH2)3NC, resulted
in the expected orange solution (Amax = 443 nm, see Figure 8.5a) and
also produced a species which luminesced in fluid solution at room
temperature (emission spectra are shown in Figure 8.5b-d). These com-

plexes appear to be air and possibly even moisture sensitive. Eventual

decomposition of the product is observed. The emission lifetime of



Figure 8.5

(a)

(b)

(c)

(d)
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Electronic absorption spectrum of [Pty(u-
CN(CH,)3NC),(u-CNCH 3)(CNCH,),)(BF4), in acetonitrile
(300 K). Absorption maximum at 443 nm.

Uncorrected emission spectrum of [Ptz(u-
CN(CH3,)3NC),(u-CNCH 3)(CNCH3),1(BF 4)5 in
acetonitrile, 300 K. Emission maximum at 529 nm.
(A grating anomaly occurs at ~667 nm.)

Uncorrected emission spectrum of [Ptz(u-
CN(CH5)3NC),(u-CNCH 3)(CNCH3),(BF 4), in
dichloromethane, 77 K. Emission maximum at 613 nm.
(A grating anomaly occurs at ~667 nm.)

Uncorrected emission spectrum of [Pty(u-
CN(CH,)3NC)(u-CNCH 3)(CNCH34),(BF 4)5, powder sample,
77 K. Emission maximum at 626 nm. (A grating

anomaly occurs at ~667 nm.)
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this complex in room temperature fluid solution is 220 ns, and increa-
ses to 7.4 us at 77 K in frozen solution. As in the dppm case, this
complex is presumed to be [Pty(u-CN(CH4)3NC),(u-CNCH 3)(CNCH3)](BF4)2.

Why is fluid solution emission observed with the bridging
isocyanide ligand and not the phosphine bridging ligand? Apparently,
the bridging isocyanide ligand 1is decreasing the platinum dimer’s non-
radiative rate constant. One possible non-radiative deactivation
pathway in the dppm complex is rapid cleavage and reassembly of the Pt-
P(dppm) bond. 18 Replacement of the neutral dppm bridging ligand with
the bridging 1,3-diisocyanopropane ligand may hinder this deactivation
pathway by inducing an electrostatic interaction between the Pt(+1)
center and the formal negative charge on the carbon atom in the
isocyanide ligand.

Obviously, further work in the areas of product characterization
and photophysical analysis is required, and merited, on these

reactions.
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APPENDIX

Anisotropic Thermal Parameters and
Listings of Observed and Calculated Structure Factors

for K 4[Pt,(P,05H,),Cl] at 22 and 300 K



Atom

Cl
K1
K2

01
02
03

U

241(11)
172(5)
103(5)
86(4)
82(13)
152(14)
204(24)

252

Table A.1

Anisotropic Parameters PtZCI at 22 K.

U x 10
Uap Uss Uiz Uis
241(11)  378(64) 0 0
172(5)  107(9)  61(7) 0
103(5)  19710)  15(6) 0
82(4) 1034)  -18(4) 13(4)
137(14)  14816)  -19(11)  26(12)
68(13)  166(17)  -25(11)  27(14)

174(24) 90(19) -90(18) 0

0(4)
7(13)
10(13)
0
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Table A.2

Anisotropic Parameters Pt,Cl at 300 K.

U x 104
HIRE Wy U2z Uiz Use i3 Uz3
cl 835(31)  835(31)  334(42) 0 0 0
K1 478(10)  478(10)  250(11)  202(12) 0 0
K2 338(8)  338(8)  490(18)  36(10) O 0
P 202(5)  194(5)  241(5)  -29(4) 32(5) 8(5)
ol 284(18)  317(18)  418(23)  -48(15)  117(18)  2(19)
02 352(20)  192(16)  544(28)  -52(14)  52(21)  82(19)

o3 491(37) 584(42) 235(22) -335(30) 0 0
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Table A3 (for deposit).
Structure Factors for Pt2C] at 22 K.

The coluwms contain, in order,
1, 10Fo, 10Fc and 10[(Fo®*2 -_Fcf‘2l/sipna(Fo“2;]:

A.nu:gl sign preceeding 10Fo indicates that Fo®*2 is
negative.
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Structure Factors for Pt2C] at 22 K.

Nir-wn
- .

©OMNO®
]
N N

MNww
NRO~
U I, |

N

16 11 1
17

18

15

1
10
0

1
4
7
3
17
1
18

17
5
5
0
L)
4
8
0

HEOORE-O
it v
'

L=t l=8 1]
VLT OORIRD
- Ll ]

W EOOMWIBN
O = 1~ 10 © ™ =1 10
-n R L

OmNNTBO~

=-NAWOO© ~
-4 -

il
LI I )

3
3
2
2
1
1
15
9
7
e
5
1
1

~OQ@MNMN

17

10

15

11

15
11
e
5
]
3

WOR—~MNM
= N -y (RN} (]
T A ' [ "
i RAMI0 ~ OO i = OWOOMN
=N L) 0 v ONNNO
no ac L]
N - - [
WO DI n O e eded
NN~ vOw Gr~owun
el wivd ¢ 0 =HOFONO W NN
" - o - '
O v (=R 1 L 8 1]
-0 MO0 oo dad AT 1
A - - A T
L ] L] . . LN }
MNOVOWVWYN ~ QOMNUNW
FHROO A NN D
NOTPOMNOO v e
(] -
A 80 w4 4 WD) 92 O YOO W
TOTOOADN WO
> NOIYO=NOD I e ]
v o - '
O=-MNvYwo (=X L L A 1" ]
MN=-NNOO ~O~ODEvYO
R o 0 v 00
. L] .
00 OV D W WD DLl l Lol
ORANMNO=™N Omr-rOWno
0 0900 i v 90 vy VENNOEO
- - -t
TOMNMNNO® A0 Oh 4 00 b= W 0N
© M0 = 00 D HOWRM =i~
D CN D vt vt W v WE~NMNOO
— i -
O=-MM eV O O=-MNNvYwO
ownone ONadn NV O
L ] v 04 v
' '

- MM -

fNr-nwn
"o -

12

@0 O 6D W
wnon

0 408 =

O

15

18

BN OOr
vt v Oh 00 €N O RO~vn

O vt W W i 00
NNOOOGn

17
17

TNOOr~O

NOOWOO

1¢
16

13
T45 765 -18
199 195
16

15
10

OmNNIVOr

0
1

18
2
]
8
3

OoOmtnv Omnn

MOONO~ NYOoOND

17
4
5
7
5
3

O=MNNvD O=nne

16
3
|
3

OEONYNYN
[ L I B
'

CNNAD WM
NOWV~=-Gann
NN v

R ENND O~

Owvwooonn

NN =MD
.

O™-MNwROr

18
88 157 -20 118 119

17
0

10

18
0 1225 1209

16
0 1700 1717



261

7

Page

Structure Factors for Pt2Cl at 22 K.
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Table A4 (for deposit).
Structure Factors for Pt2Cl at 300 K.

The columms_contain, in order,

k, 10Fo, 10Fc and 10[(Fo**2 - Fc"zZ/-im Fo"ﬂl].
Amil:gl sign preceeding 10Fo indicates that Fo®*2 is
negative.
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Structure Factors for Pt2Cl at 300 K.
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Btructure Factors for Pt2Cl at 300 K.
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Btructure Factors for Pt3Cl at 300 K.
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Structure Factors for Pt2Cl at 300 K.
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Structure Factors for Pt2C]l at 300 K. Page 10
® k 12 1 362 354 5 2 -119 41 -26 0 -89 22 -11
2 -37 15 -2 3 -130 66 -24 1 -142 BT -3¢
404 425 -18 3 370 408 -27 2 85 97 -2
-90 17 -12 4 k 13 3 -101 7 -14
4608 442 17 0 k 13 4 -98 50 -16
-d4 8 -2 0 b1 11 b -127 43 -24
342 351 -8 0 1238 1213 10 1 -103 31 -18
-91 4 -11 2 (.1.] (] ] 7 k 13
433 439 -3 1 k 13 3 -61 42 -8
4 145 176 -9 1 -134 o6 -37
10 k 12 1 -47 117 -18 2 -129 50 -26
5§ k 13 ] 87 10 1
368 3867 0 2 k 13 4 -165 o -38
=71 39 -9 1 76 32 ]
400 419 -13 0 62 | ] 2 -51 14 -4 8 k 13
-123 41 -25 1 -29 1 =1 3 -85 145 -41
399 407 -5 2 68 105 -7 4 -102 42 -17 0 61 160 -27
-85 14 -8 5 -117 89 -21 1 -94 59 -18
$ k 18 2 -157 34 -22
11 k 12 ¢ k 18

- 1 90 3 12



