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EXPERIMENTAL 

Materials 

All solvents, unles.. otherwise noted, were reagent grade and used 

without further purification. 

[Pt2(CNCH3)6](BF 4)2 was prepared by published procedures. 2 To 

obtain the best results, it is important that the water solution 

containing K 2PtCI4 and NaBF 4 be stirred for 30-45 minutes to attain the 

maximum NaBF 4 saturation. 

Bis(diphenylphosphino)methane, dppm, (Aldrich, 98%) and 

bis(dimethylphosphino)methane, dmpm, (Aldrich, 98 %) were used as 

received. 1,3-Diisocyanopropane, CN(CH2)3NC, was prepared following 

published procedures, 14 was purified by column chromotography (Alumina, 

Woelm, Grade A), and gave a clean NMR spectrum. 

Physical Measurements 

Nuclear Magnetic Resonance. 1H NMR spectra were recorded at 400 

MHz on a JEOL GX-400 spectrometer, at 90 MHz on a Jeol FX90-Q 

spectrometer, and at 90 MHz on a Varian EM-390 spectrometer. 1 H 

chemical shifts are reported in ppm (l)) vs. co3CN (6 1.98), CDC13 (6 

7.24), co2ct2 (6 5.32), and (CD3)2CO (6 2.04). 31 P NMR spectra were 

recorded at 36.28 MHz on a JEOL FX90-Q spectrometer. The 31 P chemical 

shifts are reported in ppm (6) vs. H 3Po4 external standard. All NMR 

spectra were run at ambient temperature. 

Electronic Absorption Spectroscopy. Absorption spectra were 

recorded on a Shimatzu 260-UV spectrophotometer. 

Emission Spectroscopy and Lifetime Measurements. Emission spectra 

were measured using an emission instrument constructed at Caltech and 
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described previously. 15 Emission lifetimes were measured using a 

Nd:Y AG laser system described elsewhere. 16 Low temperature, 77 K, 

spectra were collected using a liquid-ni togen-filled quartz finger 

dewar. Solid samples were placed in an NMR tube and sealed with a 

septum and parafilm. 

CNCH3)(CNCH3)2](BF 4)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 [Pt2(CNCH3)6](BF 4)2 reveals a 

shoulder at 296 nm and a larger broad ab~.>rption band maximizing at 272 

nm (Figure 8.2a). Reinking et a/. 4 report the molar extinction of the 

296 nm absorption as 4350 cm·1 M-1 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 (1\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 d 9-d 9 dimers, a 

colorless acetontrile solution of Pt2(CNCH3)6
2+ 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 6 .. 5.57 ppm; 

see Figure 8.4. Bands attributable to methylisocyanide were located at 

2.83 and 2.50 ppm. Several smaller peaks, unassignable to the 

starting material or the proposed Pt2(~-t·dppm) 2(CNCH3)n 2+ complex were 

observed. These peaks are presumed to be decomposition products and d 8 

monomeric Pt(dppm)(CNCH3)l+, 17 from comparison with NMR data of sim-



Figure 8.2 
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(a) Electronic absorption spectrum 

in acetonitrile (300 

Absorption maxima at 296 (shoulder) and 272 nm. 

(b) Uncorrected emission spectrum 

of 

K). 

of 

[Pt2(CNCH3)6](BF 4)2• powder sample. 77 K. Emission 

maximum at 542 nm. 
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Figure 8.3 (a) Electronic absorption spectrum of [Pt2(~-dppm) 2(~-

CNCH3)(CNCH3)2](BF 4)2 in acetonitrile (300 K). 

Absorption maximum at 452 nm. 

(b) Uncorrected emission spectrum of [Pt2(~-dppm) 2(~-

powder sample, 77 K. 

Emission maximum at 604 nm. (A grating anomaly 

occurs at -667 nm.) 
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Figure 8.4 1H NMR spectrum of the methylene protons in the 

bridging dppm ligand of [Pt2(1J-dppm) 2(1J-

CNCH3)(CNCH3)2](BF 4)2 in d 6-acetone. 3J(PtH) 

coupling 58.4 Hz; 2J(PH) coupling 9.3 Hz. 
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ilar platinum(II) monomers. The 31 P NMR revealed only one phosphorus 

signal at 6 - 4.41 ppm. 

Similar reaction between Pd2(CNCH3)6
2+ and dppm afforded Pd2(1J· 

dppm)2(1J·CNCH 3)(CNCH3)2
2+ which has been crystallographically char-

acterized. 8 Based on the palladium reaction, the platinum complex 

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 d 8-d 8 complex, as for the studied d9 -d 9 

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 Pt2(CNCH3)6
2+ with bis(dimethylphosphino)methane, dmpm, 

afforded a complex similar in absorption and emission properties as the 

complex formed from the Pt2(CNCH3)6
2+ + dppm reaction. 

Additional reactions between Pt2(CNCH3)i+ and other bridging 

ligands were investigated in hopes of unearthing a dimeric complex 

which did show fluid solution emission at ambient temperature. Reac­

tion of Pt2(CNCH3)6
2+ with 1,3-diisocyanopropane, CN(CH2)3NC, resulted 

in the expected orange solution (?~.max - 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 
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(a) Electronic absorption spectrum of 

CN(CH2)3NC)2(~-t-CNCH 3)(CNCH3)2](BF 4)2 in acetonitrile 

(300 K). Absorption maximum at 443 nm. 

(b) Uncorrected emission spectrum of 

in 

acetonitrile, 300 K. Emission maximum at 529 nm. 

(A grating anomaly occurs at -667 nm.) 

(c) Uncorrected emission spectrum of 

in 

dichloromethane, 77 K. Emission maximum at 613 nm. 

(A grating anomaly occurs at -667 nm.) 

(d) Uncorrected emission spectrum of 

CN(CH2)3NC)(~-t-CNCH 3)(CNCH3)2](BF 4)2, 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 ~s at 77 K in frozen solution. As in the dppm case, this 

complex is presumed to be [Pt2(~-CN(CH2)3NC)2(~-CNCH 3)(CNCH3)](BF 4)2. 

Why is fluid solution emission observed with the bridging 

isocyanide ligand and not the phosphine bridging ligand? Apparently, 

the bridging isocyanide ligand is 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 K4(Pt2(P2o5H 2)4CI) at 22 and 300 K 



Atom ull 

Cl 241(11) 

K1 172(5) 

K2 103(5) 

p 86(4) 

Ol 82(13) 

02 152(14) 

03 204(24) 
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Table A . l 

Anisotropic Parameters Pt2Cl at 22 K. 

u X 104 

U22 U33 ul2 u13 

241(11) 378(64) 0 0 

172(5) 107(9) 61(7) 0 

103(5) 197(1 0) I 5(6) 0 

82(4) 103(4) -18(4) 13(4) 

137(14) 148(16) -19(11) 26(12) 

68(13) 166(1 7) -25(11) 27(14) 

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

U23 

0 

0 

0 

0(4) 

7(13) 

10(13) 

0 



Atom ull 

Cl 835(31) 

K1 478(10) 

K2 338(8) 

p 202(5) 

01 284{18) 

02 352(20) 

03 491{37) 
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Table A.l 

Anisotropic Parameters Pt2CI at 300 K. 

u x 104 

U22 U33 ul2 ul3 

835(31) 334(42) 0 0 

478(10) 250(11) 202(12) 0 

338(8) 490(18) 36(10) 0 

194(5) 241(5) -29(4) 32(5) 

317(18) 418(23) -48(15) 117(18) 

192{16) 544(28) -52(14) 52(21) 

584(42) 235(22) -335(30) 0 

U23 

0 

0 

0 

8(5) 

2(19) 

82{19) 

0 
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Table ~3 (Cor depoai,). 

S'rue,ure Factor• Cor Pt2Cl at 22 K. 

The colurrma contain in order, 
1, 10Fo, 10Fc and 16[(Fo••2 • Fc**2l/ai~(Fo**2l). 
A minua 1i1n preceed1n1 10Fo indicaiea that Fo••~ ia 
De&ative. 
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S&rac&are Fac&ora for PUCl a& 22 K. Pa1e 1 
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0 0 12 12T 1&2 -12 0 a232 122S s 
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s 2~53 SUI -58 0 1484 1574 -08 1 1281 use se 4 ua eu -& 
4 1823 18&& -32 1 17& 84~ 14S 2 2442 2SSO 41 6 ISH U&4 ·IS 
6 2241 2441 -18 2 37S 2~S 10& s 18~8 1~02 -1 e ~~~2 a76 a 
e 2872 SUI -82 a l~es l~Sl I 4 S~4 40~ -IT T ITI 11& 10 
T u~ 611 -2& 4 e84 844 41 6 1422 141& 4 I 1557 15&~ -e 
I IUS 11~0 -1~ 6 ~21 ~37 -14 e 124& 12&7 -15 ~ 1524 1540 -a 
~ l&OS lees -22 e 142S 14&S -2& 7 531 6&2 -21 10 125 ae 10 

10 T2& TIS -20 T 2U 2U 0 a 1235 1274 -25 11 1022 102~ -a 
11 1577 1&21 -14 a TU T5~ -20 ~ lOOS lOST -35 
12 12U 1214 -21 ~ 145 Ill -2~ 10 227 IT& 1~ ' 4 1 
IS 115 127 -2 10 141 1&4 -4 11 1076 10T& 0 

11 UT 64~ -U 0 10& 15 15 
1 1 12 eu 681 -n 4 I 1 140 150 -~ 

2 320 IH -n 
0 ue~ 122~ 40 I 2 0 2~ 12 -S2 I sos 12S -20 
1 12~~ 1111 121 1 lSI 111 22 4 ~~ 74 12 
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4 ao 1&2 -6& 2 10~ 122 -20 4 u 12 14 7 n 110 ·IT 6 155S 1&31 -u a ua ~~1 -I 6 u 11 I I u 112 -IS e 1~10 2058 -e& 4 112 5I 10 6 I~T 400 -2 ~ 172 1&~ 1 7 4~ ~e -6 II 101 Tl 12 T ~T lSI -11 10 235 200 15 a 1&20 1703 -62 6 201 1&1 23 I 11 a 0 11 u 20 1 
~ 1431 1512 -s~ 7 ue 650 -2 9 14a 14T ·I 10 15 40 2 8 -41 7 -2 10 175 170 1 ' ' 1 11 1172 120~ -u 9 U2 84 IS 11 -96 10 -8 12 T2& 757 -10 10 157 1&4 -2 0 112& 141& -n 

11 22& HIS 1 4 4 1 1002 971 17 2 0 12 6a 91 -s 2 15&1 15Se 11 
0 4155 4111 10 I S14T 1114 14 

0 20&~ 1921 76 I I 1 20S2 1~47 sa 4 l&OS 1573 1& 1 1550 155& -4 2 &01 521 u 6 1742 1727 e 2 1US 144& 0 0 3717 3724 -1 I 332S 1302 6 e 1761 1&~7 24 a 2317 2Sl0 I 1 IT 50 1&&7 4a 4 40& ae~ 2~ 1 212 1&7 11 4 12&~ 1287 -14 2 112~ IT~e 1& 6 257a 251& -1 8 IT~S 1117 -10 5 17~0 11e1 -45 I 2&12 2&11 0 e SlOS a14& -12 9 120S 121& -6 6 1517 157CI -37 4 485 411 -2 T 123 101 4 10 231 200 9 7 37S 402 -20 li !Ql& 1~01 6 8 1S73 15SI e 11 IOU lOST 20 
a 140~ 14~S -50 e 21&0 218~ -11 g ueo uoe -12 g 1~2 027 -22 7 411 402 g 10 62S li&4 21 8 0 1 10 235 20& 10 a 15SI 1570 -6 11 1415 1412 1 

11 107S 10~2 .g g 1252 1203 -20 0 1108 1210 ·II 12 uo liOS -1~ 10 114 157 1 ' 1 1 1104 11&3 24 
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2 1 0 27&1 27SI 12 I 20SO 2112 -27 
4 0 1 1 12&7 1221 I& 4 ueo Ul4 -10 0 410 li&S -102 2 611 II&& li2 ' 14&1 1411 ·IT 1 uo 101 -es 0 70S TIT 20 I 1175 11&1 8 8 Ill& 111& 0 2 au 142 1 1 11~& 1200 -111 4 Ill li5 21 T 141 ISO -li I 220 21~ IS 2 1041 87& 141 li 1117 1120 -2 8 1404 1452 -20 4 411 415 -4 a 2251 230& -23 e 1S02 14~0 7 ~ 1015 1027 ·T li 2~1 270 10 4 ue 84S -7 T li77 627 -41 10 -ee 40 -li e 154 154 0 li 4&1 425 10 8 uo 611 21 11 lOST IOSO a T 00 134 -11 8 ue uo 11 g 741 144 -2 I 2&7 270 -1 7 101 250 -11 10 -so so -2 8 1 g -fill g~ ·11 a 414 442 -10 11 12& 125 0 

10 68 4& 1 g 1014 112S -2& 0 811 872 10 
11 ISO 17 10 10 4&& us 12 li 2 1 us 1eo -II 12 Ill Hl2 -1 11 154 15 17 2 u IS -15 

0 348 us -8 a 141 1SO II 
2 2 4 1 1 1 201 100 -12 4 1&2 ITS -11 

2 ae 811 11 6 61& 872 12 0 2~SO 2104 11 0 OS 411 37 I 14S 12S 1& e Ill lOT 12 
1 liSS 608 52 1 li~2 014 -11 4 84 24 11 7 107 e& 12 
2 217 45 11& 2 lil& 647 -42 6 22~ 105 27 II -u 97 -1& a 28~S 28~& -1 a Ill 04 12 e 27CI 258 12 g U4 155 li 
4 50& 41& 17 4 10& Ill -a 7 Ul 1~7 -7 10 120 us -II 
li 1128 1124 2 II &51 eso 11 II 1~7 200 -1 11 142 118 5 
6 222S 2SOS -12 8 114 224 -24 9 -104 411 ·IT 
7 110 g 10 ·1 67 g 7 10 107 150 -10 8 2 1 
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Table A.4 (ror depoe i q. 
SLr•cture Factora for Pt2Cl at 100 K. 

The columna contain in order, 
k, lOFo, lOFc and 16[(Fo**2 • Fc•*2l/ai~CFo**2l). 
A minua a ian preceed1n1 lOFo indicalea tha( Fo••~ ia 
aeaative. 
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