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Ab&aci-Valence photoisomcridon of hexarnethyl (Dewar benzene) (HMDB) is sensitized b) aromalic singlet 
photosenriIizers I.4-dicyanobenrenc. Icyanonaphthalenc. 9-cyanoanthracertc. and 9,lOdicyartoan~hracenc with a 
limiting quantum efficietscy of 1.0 in cycbhexanc solvent. Quenching of the lborexencc of the aromalic 
sensitizers leads 10 exciplex emission which is identical IO thal obtained by quenching with the isomer. hcx- 
amethylbtnzenc (HMB). T?E cmiuDa is idtnti5ed as HMB cxcipkx emission on tbc basis of relative lifetime and dual 
quenching experiments. Tbc rclrtive yidd of HYDBdcrivai (“a&b&c”) cmisxbo is 20-3096 dcpcndh on the 
excitation energy of the HMB txcipkx prduc~. Neither biacetyl sir& or triplet nor I~yononaphIhalem lripkt 
photosensitization is successful in m about isowrization of HMDB. Dimethyl 1.45.6Wramtthylbicy- 
clo[2.EopWxa-2Jdienc-2~xylotc undtfpocs vaknce isomerizalion on quenching ckctron donor lborophores. 
with a quantum elcicncy of 0.2. The uoma~ic vaknce isomer is n01 produced in an excited state in this case. Factors 
which govern the efficiency of adiabatic and dhbxk isonwizalion of the Dcwar benunes are discussed. inhdiq 
scnsitizcr rcdox properties. conhgumlion. and multiplicily. the excitalion energ) and binding charactcrirlics of 
exciplexes. and the &war bcrucnc rubstitucnl pallern. 

Since the first reports by Hammond et 41.’ of an unusual 
mechanism for photosensitized vaknce isomerization of 
quadricyckne (QUA) to norbornadkne (NOR), a number 
of studies have focused on the role of excited complexes 
in driving molecular rearrangements. Solomon et d.’ 
provided support for the view that electron transfer (as 
opposed 10 energy transfer) properties of the “sensitizer” 
and the isomerizable substrate are important. In the 
extreme. excited state quenching by outright electron 
transfer and subsequent isomerization of radical ions 
may be involved, as shown recently for the sensirized 
isometizarion of QUA.NOR in polar solvents.’ 

Examples of the cxciplcx isomerization now include 
ring closure of nonconjugated dienes.’ isomerizarion of 
alkenes and cyclopropanes,’ and racemization of sul- 
foxides.& The more detaikd discussions of mechanism 
have focused on the appearance of radical ion pairs.‘*‘*-’ 
exciplex intersystem crossing,‘d.L and the conversion of 
ekccronic ioto vibrational energy,‘“’ any of which make 
isomcrization via exciplexes possible. Irradiation of 
ground state (CT) complexes of isomerizable substrates 
provides yet another entry for molecular rcarrange- 
menl.ti.‘d. The potential rok of excited complexes in 
driving isomerization reactions which reversibly store 
energy has been pointed OUL’~* 

Two early reports concerning the photosensitized 
conversion of HMDB 10 HMB described an exciplex iso- 
merization which has displayed perhaps the mosl unusual 
features. Evans ef ol.* reported that Ihe isomerization 
which results from quenching the fluorescence of aromat- 
ics by HMDB in polar solvenrs has a quantum efficiency 
well exceeding unity. A chain reaction involving radical- 
ions which result from electroo transfer quc& was 
proposed. Taylor” found, oo the other hand, that fluor- 
escence quenching by HMDB in a nonpolar solvent 
results in isomerization with a more typical quantum yield. 
He also showed that the emission. which accompanies 
ring opening. is ideotkal 10 HMB exciplex fluorescence. 
The latter observalion. consistent with the imposition of 
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an excipkx +exciplex rearrangemcnt.‘” constitutes the 
only current example of odiobatir exciplex isomcriza- 
lion. 

Mechanistic features which permit adiabatic photo- 
chemistry (the formation of electronically excited 
products) have received considerable attention.” In our 
preliminary report concerning HMDB exciplex 
isomerizatioo,‘z the adiabatic reaction was firmly 
established, and faclors controlling the selection of adi- 
abatic reaction vs non-adiabatic paths were identified. 
Tbcse findings are discussed more fully here. including 
depcndenccs of excipkx isomer&ion on sensitizer 
contiguration and multiplicity and on substituent patterns 
for Dcwar benzene quenchers. 

Ruonscrncr quenching. The addition of HMDB or 
HMB lo cyclohexane solutioos of aromatic nitriks 
resulted in quenching of the emission of the aromatic 
compoumis. Stem-Volmer analysis resulted in valucJ for 
go from which rate constants for queoching were 
extracted (Tabk I) using known sensitizer lifetimes (T) 
(Tabk 2). Values for rC, followed the trend expected for 
a quencbinp mechanism iovolviag EDA ioteractioo.*.” 
rcOcct& tbe similar oxida& potcotlls of HMDB and 
HMB (E&ox) - 1.58 and 1.62 V VI SCE. respectively”) 
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Tabk 1. Photwhcmical and ~t~hy~~ data for HMDE (HMB) quenching and isomerization’ 

knritircr t,MW tqom 
(x10-9,,-‘) (xlo-q*ec-‘) 

41” kqx (6’ f r/rfn-’ Id f(‘xt)fafc 

1.4-dtcymobenmw 

I-cyanoMphthsleno 

(MB) 

(c)I) 

10.4 

3.2 

13.2 

1.4 

0.0) 

0.98 84.0 85.6 

392 

373 

(DCA) 7.3 8.7 0.96 112. 119. 500 

0.13 2.6 (1.0) l6Of 

~ycb&xanc soMoo, mom temperature. ‘Limitin8 ~UUIRUUI ykkk of HXDB+HMB cxcipkx hwizatioo; iwadihous were 
ched out wiq wrnahronura tot DCB (288 om) and CN (313 as). ‘Stun-Volwr rkpcr from Ihroc+rccact qua* drta for 
HWDB.‘lntcrccpt/sbpc ratios from quantum yield double ruiprocal plots (Filpm~ I ad 2):Wwkaotb mdm for HMB (HMDB, 
cxciplc~ cu~ission. ‘Emission detect&k oaly for CA-MB. 

Tabk 2. Singk~ sensitizer propeflics, HMB txcipkx+xcitotion energies. and preference for adiabatic HMDB 
rearrangcmclll 

Scntitlzcr T f(ns)J Eoo(erc) 

(kcallmol) 

Percent 
Adtrbstic (Pf 

cI( 26 2.1 77 20 : 2 

DC6 13 2.7 73 32 : 2 

CA 9 1.4 64 

OCA 15 2.1 57 %I:3 

'Fluoresccncc lifetimes in bydrocarbbn solvents from the literature: hf. Yoshida. H. Sakuragi. 1. Tanaka, K. 
Tokomaru,mni N. &ikSWJ.b& clwm. S~E.JOP(II,U,~~O~~~.M.E.R.MU~CJ, V.G.Toscmomd R.G. 
Weiu. 1. An. CW SOC. 97.4485 WS). E. Vuwkc Doackt. M. R. ftuthclr. N. Antheunis. and M. Swinncn. Md. 
Phomrhm. I, I21 (1977); Ref. 2. ‘E,,,. (red)- E I-+ wnsitixr sin&t energy; lcnritizcr pmd state reduction 
potentials (vs. SCE. CH,CN) arc report.4 E. A. ChnQou and 1. F-n. 1. CAan Hp. It,2357 (1967); D. R. 
Arnold and A. I, Marouiis, 1. Am. chum. Sot. 9@, S931 (1976). 

and the varied excited state reduction potentials. E$ 
(red) Table 2). of the fluorophores. The rate of fluores- 
cence quenching was somewhat faster (2-3 fold) in 
acetonitriic soIvent.‘4 

Quantum yields of HMDB isonwizatiou, Fluonuccmc 
qtwt&ittg was accompanied by efficient mmcnt of 
HMDB. Quantum yields for HMDB + HMB isomerimtion 

in cycbbexane were concentration dependent, and the 
trend paralleled the emission quenching results. A 
mechanism for sin&t sensitization is shown in Schcmc 1. 

The q~tum yield expression consistent with the 
mechanism of Scheme I is as follows: 

1 t+k,+ka+kc+kdh+ks+kaf 
91U*,= k5+ka k,(k, + ki,HHMDB] . 
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Sf: ‘S excitation 

‘S+S+hv sensitizer fluorescence (kil 

‘S-S sensitizer decay (k3 

‘S + HMDB -. ‘IS-HMDB] exciplex formation (k,) 

‘(S-HMDB] + HMDB + S excipkx decay (k.1 

‘IS-HMDB] -. HMB + S diabatic excipkx isomerizalion (k,) 

‘[S-HMDB] -. ‘IS-HMBI adiabatic excipkx isomerizalion 61 

‘[S-HMB] + HMB + S + hv “adiabatic” exciplex emission 

‘[S-HMB] + HMB + S “adiabatic” cxciplcx decay 

Scheme I. 

For CN and DCA sensitizers double reciprocal plots of competitive photodecomposition (dirncrization.” which 
quantum efficiency for isomerization and HMDB con- could be followed by the reduction in CA absorption) 
centration (Figs. 1 and 2) were linear as expected and especially at low [HMDBI. 
intercept/slope ratios (i/s) closely matched ky~ values Exciplexxlcmission. The quenching of aromatic nitrile 
obtained from fluorescence quenching (Table 1) (i.e. i/s = Iluorescencc by HMDB and HMB in cyclohexarte led lo 
k,/k, + kl - IGT). Limiting quantum yields of HMDB -, a new emission consistent with the results of Taylor 
HMB rearrangement (l/i. Fig. I and 2) were near unity concerning CN quenching.“’ The long wavelength 
(Table Il. Concentration dependence plols were regular fluorescence resulting from HMDB quenching was 
but not linear for DCB and CA sensitizers (intercepts weaker but clearly -superimposed on the emission 
-I). DCB and HMDB were competitive absorbers. even obtrinul on HMB qucncbing (see Fw. I. 3 and 4. Ref. 
at a favorable wavelength (288nm). and CA underwent 12). Fluorescence maxima for other excipkxes are 

/O’ 
la0 ’ 

//// 

‘e : / 

Fig. I. 

L_ -_ - _-_.__ 
20 -- 

'.O '+Yoe4j WI 
8.0 

k dependence of quantum yield on quencher conccnlnlion for CN sensitized isomeriution of HMDB 
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Fig. ! The dependence of quantum yield on quencher concentration for CXA sensitized isomerizrtkm of HMDB. 
]DCA] - 7.5 x IO ‘M. 
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Fig. 3. The queoehing of DCB 8uorexcnce by HMDB in cycle 
kxane sotu~ioo. (a. 3.5x IO-‘M. b. 1.2x IO-‘N.c. 3.0x IO- M). 

shown in Table 1. The emission from CA-HMB was very 
weak and poorly resolved, and the corresponding 
fluorescence of CA-HMDB was not observed. 

To insure the origin of excipkx emission, sampks 
were analyzed by glc before and after the measurement 
of fluorescence. For these experiments, purified samples 
of HMDB showed no HMB (~0.5%). a result which 
remained unchanged after fluorimeter irradiation. Given 
the similarity of quenching rate for HMDB and HMB 
(TableI). the portion of the observed exciplex emission 
resulting from HMDB addition, which is due to com- 
petitive HMB quenching, must have been ncghgibk. 

Additional evidence for the identity of the emitting 
exciplex was sought through three component quenchin 
experiments, from which relative lifetimes of CN 
exciplexes derived from HMDB and HMB quenching 
could be obtained. An electron donor, 2$-dimethyl-2.4 
hexadile (DMH), was the most effective exciplex quen- 
cher among several examined. DMH quenched CN-HMB 
fluorescence with Stem-Volmer constant, kg~ - 59 M’ ‘. 
A complication was encountered in a similar experiment 
in which the emission from CN-HMDB was quenched by 
DMH. HMDB was a relatively effective quencher of 
CN-HMB fluorescence (kp7 = 35 M-‘) (Incremental ad- 
dition of HMDB to CN results first in the appearance of 

Fiio. 4. Tbc quenching d DCB l?uorexcnce by HMB ia cycb- 
hcxnac wh~tioa. (a, 2.4x IO-‘hi, b. 7.9x IO-‘M. c. 1.7 x IO-‘M 

HMB). 

exciplex Buorescencc which is reduced in intensity on 
further addition of HMDB; note Taylor’s similar 
findings’~. Stern-Volmer slopes for DMH quenching of 
the exciplex emission from CN-HMDB were 8.1, 23 and 
49M-’ at [HMDB] = 0.43, 0.22, and 0.035 M. Ti~se 
values extrapolated to hi a~ 60 M-’ at [HMDB] - 016 in 
good agreement with the value obtained for CN-HMB 
excipkx quenching. This comparison showed an identity 
within experimental error for the lifetime of the emitting 
excipkx from CN-HMDB and CN-HMB. 

In order to provide further evidence for the adiabati- 
city of excipkx rearrangement, it was important to show 
that the excipkx derived from a sensitizer and HMDB is 
not a precursor to isomcrization having, coincidentally, 
spectral properties and lifetime similar to cxcipkxes of 
HMB. Another three-component quenching experiment, 
showed this clearly. The quenching of CN sensitized 
excipkx isomerization (overall yield of HMDB + HMB) 
was compared with quenching of exciplex emission (FQ. 
5). Relative yields were corrected for direct queoc~ing of 
CN singlets by DMH for which key = I27 M . The 
results for cxcipkx fluorescence and isomerization 
quenching (gr = 23 and 5.3 M ‘, respectively) demon- 

1 
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Fii. 5. Stern-Vdmer plots for the quenching of the emission derived from CN-HMDB and CN scnsi~izcd 
isomcrizatien of HMDB IO HMB. both by DMH in cycbhcxanc sdu~ion. 
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strate that the emitting species and the isomerizing spe- 
cies cannot be the same. The reacting CN-HMDB 
exciplex does appear IO be interceptable; Taylor 
obtained spectroscopic evidence for this species in an 
emission study at low temperaIures.‘o If D.MH exciplex 
quenching proceeds al a rate comparable to CN quench- 
ing (k, = 5 x 109M-‘ sec ‘I). then the lifetime of the 
rearranging CN-HMDB exciplex at room temperature is 
aboul I nsec. 

The portion of excipkx isomerization which takes the 
adiabatic path (P = k,/k, + k,. Scheme I). was deter- 
mined from relative emission yields. The ratio of 
exciplexlmonomer emission was recorded as a function 
of % of monomer sensitizer emission quenched by 
HMDB or HMB. AI five levels of sensitizer quenching. 
for each of three sensitizers, the fraction. P (Table 2) 
was computed (P = f,,,/f,(HMDB)/f,,,/I,,IHMB). 
where I.,, and I, represent maximum intensifies of 
excipkx and sensitizer emission. For this procedure the 
residual sensitizer fluorescence served as an internal 
standard for the relative yield of excipkx emission. 

Inresfigafion of olhrr exciplex romponenrs. The sui- 
tability of other types of sensitizers for exciplex 
isomerization was investigated. HMDB quenching of 
biacctyl (an “n, n*” sensitizer) phosphorescence” (Fig. 
6) and (at higher concentrations) fluorescence” did not 
kad IO sensitized HMDB isomerization (0~ 0.01) under 
circumstances where polar excipkxes are implicated. A 
slow disappearance of biacetyl (fl p 0.1 a1 [HMDB] = 
0.01 M) was observed. Aromatic nitrik triplets appeared 
also not IO play a role in sensitized isomerization. 
Nitrogen purged samples of CN and HMDB did not give 
HMB on photolysis at concentrations of HMDB 
insufficient IO quench CN fluorescence (8,,,<0.01 at 
0.001 M HMDB). Under these conditions a good yield of 
CN triplets (&, = 0.3’9 and HMDB quenching were 
expected. HMDB was indeed an effective quencher of 
CN phosphorescence (kyr = 4.7 x 10’ M-l). an emission 
(bands at 504, 543 and 585 nm) which was monitored at 
room temperature in dibromocthane following procedures 
required for obscrvafion of naphthalenc phosphores- 
cence.g 

Substituenf effects on exciplex isometization were also 
probed. Dcwar phthalate DHD and its valence isomer 
DTP were good quenchers of electron donating (but not 
electron accepting) aromatic sensitzers in cyclohcxane 
(I&dimethoxyanthracene. I.CDMA. lb: = 87 and 34; 
9.10-dimcthylanthracene, k,l = 38 and 5.9 M ‘, respcc- 

tivcly). DHD+ DTP isomerization was sensitized by the 
donor fluorophores in cyclohexane or benzene solution. 
The reaction. which was relatively slow. was most con- 
veniently monitored by NMR with reference IO changes 
in upheld Me group absorptions. The quantum yield of 
DHD isomerization was 0.16 at 0.16 M DHD. a concen- 
tration at which 93% of I.4-DMA singlets are quenched 
(fluorescence measurement). Some disappearance of 
sensitizer during photolysis was again observed. An 
exciplex emission was observed on quenching I.4-DMA 
with DTP (A,. = Wnm). but no new fluorescence 
was found on addition of DHD IO I.4-DMA. The relative 
yield of DHD-derived exciplex emission (conservatively) 
can bc no more than IO%. representing less than half of 
the adiabatic (P) fraction found for the least cfficien~ 
HMDB (CN) pair (Table 2). 

DHD R = C02Me DTP 

The evidence concerning isometization of HMDB. 
which occurs on quenching the fluorescence of aromatic 
sensitizers in non-polar solvents, clearly favors a 
mechanism of rearrangemcnr (in part) on an excited 
surface. AI some stage along the reaction coordinate 
partitioning occurs IO give HMB exciplexes and the 
ground state of products. This basic scheme and Ihc 
energetics involved are shown in Fig. 7. 

The adiabatic portion of cxcipkx rearrangement is 
revealed in the emission from S-HMDB combinations 
which is identical IO HMB excipkx emission in terms of 
spectral features and lifetime. The fluorescent state 
resulting from HMDB quenching cannot be a precursor 
to rearrangement, since the emission can be quenched 
under conditions where the HMDB isomerization pro- 
ceeds. As pointed out previously,‘* the most important 
determinant of adiabatic yield is the excitation energy of 
HMB exciplexcs. The function, P. correlates better with 
exciplex energy than with the excited state reduction 
potential for the sensitizers (Tabk 2). In terms of the 
polenlial energy surfaces proposed by Michl” for Dewar 
naparhalene ring opening, the preference for forming 

I 
6.0 

t 

4.0 

41 

2.0 

L 

/ 

/ 

0 

0’ 
/ 

o/O / 
.O 

I 
l.0 2.0[“wol]x3 I”, ‘.O 5.0 

FIN. 6. Stern-Vdmcr plol for the quenching of Maceryl pbphorcwencc by H.WDB in cyclohtxanc solution 
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Fig. 7. Energy diPgram for cxcipkx isomerization of tuxamcthyl (Dcwar bcnrcm) t~hc diffusive encounter step is 
omitted). Foe HMDB- HMB ground state encrgctics. see Bef. 31. HMB excipkx excitation encrgicr arc found in 

Tabk 2: HMDB txcipkx energks arc estimated. 

lower energy HMB exciplexcs most likely results from 
adjustment of the small barrier separating the pericyclic 
minimum (approximate midpoint of reaction) and 
excipkx product on the adiabatic surface.* 

The mechanism by which HMDB cxciplex isomeriza- 
tion operates is not readily extended to sensitizers other 
than those which have P, VP singlet activity, suggesting a 
dependence of an otherwise facik rearrangement on 
excipkx configuration (geometry) and multiplicity. 
Several influences which are likely to be important can 
be identified. The failure of biacetyl sin&t!, to drive 
the reaction may relate to exci@x geometry differences 
(an edge to face VI face to face approach of pi moieties 
ad/or an “endo” vs “exe” arrangement for n. ar* and n, 
T* sensitizers, respectively; see below). The ineffective- 
ness of sensitizer triplets may result from the inherent 
lower energies of sensitizers aml reduced EDA pertur- 
bation. 

Two factors may reduce the yield of excipkx 
isomerixatioa of the “reverse polarity” substrate. DHD. 
relative to HMDB. The (I-Z through-bond coupling 
which is important for the HOMO of HMDB” kads to 

*As previously dixusscd,‘r we do not favor a mechanism for 
rig opcni~ in cycbbexane involvb “tight” ion-pair formatioo. 
rcrmnpmcnt of HMDB mdicat cation. ami ion recombination. 
Raear studkr’” of ground state (chrp tnnsfer) compkxes of 
HMDBandrcrptorxshowthattbcdominan1pathinnon-pc4ar 
sdvent for deactivation of ion pain formed directly on CT 
excitatioo is non-radiative decay (bock ekctron transfer) without 
rcarraqMmcnl. 

tThir factw may be part of a mote Bernrat substitucnt 
infhkncc 00 orbitat symmetry restrictions for fcarmngcment.~’ 

reduced C,-C, bond order on ekctron donation to KO- 
sit&r. In fact, this perturbation is probably the most 
important itiucnce in promoting ring opening. In con- 
trast, electron donation to the LUMO is important in the 
excipkx binding of DHD. Ring opening is not so readily 
induced in this case (C,-C, antibooding character is oot 
so readily introduced) due to the heavy weighting of the 
LUMO on the makate moietyS (see below). Secondly, 
stabilization of the adiabatic route will depend on the 
preservation of excipkx binding during rearrangement. 
That HMB is at kast as good a binding agent as HMDB 
(reflected in fluorescence quenching constants, Table I) 
whereas DTP is less effective than DHD in attracting 
sensitizer, may be the determining factor in discouraging 
adiabatic rearrangement for the latter pair. 

Our studies of the unusual features of HMDB-HMB 
isomerixation are continuing with special attention to the 
photochemistry of ground state (CT) complexes of 
HMDB and the radical-ion chemistry“ which is important 
in polar solvents. 
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ExPEmMEhTAL 

General. Spectropholometrk grade solvents were used wrthout 
further purification in quantum yield and emission experiments 
exccpr where noted. Commerctally available sensitizers were 
purified by recrystallization. DCB from benzene. CA from glacial 
acetic acid. DCA from chloroform. and I.QDMA from cycb- 
hcxanc. CN was sublimed twice in cocuo. Bracetyl was distilkd 
trader ni~rogcn. Hexarnethyfbcnzenc was rccrystallitcd from 
EtOH. 

HMDB was obtained on a small scak using a modification of 
thc4irpe rak procedure of Schafer” tthe 2-butyne starting 
matcriat is no lwr available in quantity). Other samples of 
HMDB were pocrousJy supplied by P&s. C. C. Wamscr pad P. 
M. Maitlis. HMDB was purified by &c using a IO ft. x 318 in. 
column (20% SF-% on chromosorb WI. DHD was prepared 
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@onturn yi&f mea.wrtmNs. The pbototysis rppuatur coo- 
sistcd of a ILycw RPR-204 p&~Mocbcmical reactor d&d with 
either RUL 3300 (33&390 nm) OT RUL 3ooo @RI-330 nm) lamps 
and a merry-gorcund rttachmcnl for simultaneous ir&iat& of 
Nr purged IS x 1.5 cm Pyrex cyhndrkal t&es. The procedures 
have been kni prevknnty in&ding correction for 
diRereatkl absorption by senJt&rs sod wtinometcr.~ The 
conversion of vakrop!wnoDc to ret- (4 = 0.33. 0.1 M 
vakropbmone in benzene)” was used as actinomcter. Gk 
analysis was performed on an OV-IOI (3% on Chromosorb W) 
cohrma with do&cane internal standard. Photolyds of CN and 
HMDBwas.car&doutua@aBandi&ightp@e+uantum 
counter L$o&mine B) apparatus ahbeated with pdcluium fer- 
rioxafate (light intensity - 1.31.6x IOw quanta/see at 313 * 
4 nm). DHD and I,+DMA were simharfy tited at 3& : 4 nm 
in &zene (2.62.8 x IO’* quantrlsec). 

The isotnerirabon d HMDB to HMB was monitored by &lc 
using an ov-I7 cdumn (3% on chromosorb P) at I2tr and 
dodecane as internal standard. Ca~vcrsion of HMDB was limited 
to ~5%. The DHD-DTP isom&atbn was followed by NMR 
(characteristic Me group absorptions) with coaverskm limited to 
2&Z%. Slopes pad intercepts for double re+ocal quantum 
yield p+ots were obtaimzd by a linear least squares treatment of 
the data. 

Emirsion maluem&ata. Fhwmcence 8od phmphtaacc 
spectra were obtained uripr a Perk&EJmer MPF4(A Ouores- 
ccllcc spectropbotow~er. For mKmsceacc meaalremeatssampks 
were umkgassed. Biacetyl phosphorescence was recorded for NI 
tntrged 5. I x IO-’ M cyclohcxane sdns. The degas&q procedure 
and wthod of analysis are described in another paper.” itvchrd- 
ing a procedure for Ltenui~tkm d lifetime. RK data for 

. T” I.Ox IdM’; 
~~~~~~$9~ !jf~~$~ I’5 r6k :pro&ure repor_ 

ted by Turro ct of. for the observatioo d room temp. Ruid 
solutiml phosphorescence of tlapthakne was used for obtahiq 
emission from tripkt CN. A &gassed 2. I x IO ” M soh~tioa of 
CN in tbe bmvy l Iom sdvenl. I/diitlmne. PVC rise 
to an emission with or&pal bands at 504.343. and 585 nm. The 
intensity of emis& at *run was monitored as a function of 
HMDB coocentration in independently PrrpMd and &gassed 
sampks. aod the quenching of phosphorescence observed The 
* of ttw b Stern-Volmer pbt was. 47- 
4.7 x ItI’M-’ set-‘. 
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