
MO-CALCULATIONS OF THE ENERGY TRANSFER-ACTIVITIES 
OF ORGANIC r-STRUCTURES IN THE PHOTO-FRIES 

REARRANGEMENT-III 

ATHEORETICAL INDEX FORTHE ENERGYTRANSFER 
EFFICIENCY OFORGANIC w-SYSTEMS IN THE 

PHOTO-FRIESREACTION 

Based on the approximate coincidence of absorption and 
hrescence spectn. in P8rt II of tbc s&s: 8 aulnber 
of org8nic r-systems hr been found, which an ret 8s 
inhii or sensitizers of tbc photo-Frks reachon’ 
within an eocrgy tnnsfer process. The tr8nsition ClWr- 
gksofhorptionandBuomcencewereobhinedby 
usil\l the PWiser-PUT-Popk QPPbpro&ure. This 
method is well estabhbed for calcuktiog the ekctronic 
tr8asihnsin8bsorptioospe43ra480dhrbeenmodii 
recentlF to estimate tbc emission ener&s. 

0otbeotberhnd.theprob&ilityoftbeenergytnns- 
fer depends stro@y on an integral U. which represents a 
“pseudoCoulombiC interachn between the tr8nsition 
densities of, e.g. N-phenylurehae. NPU, tbe mokcuk 
of our basic interest. and ray r-system. M, which should 
inlhwnce the pbotoruction of the former. In 8 compact 
version U is given by qn (I) 

u = thJ~~“l~~NclaW) (1) 

wheretbeHamiltonkn~cootainsallinteractionsbe- 
tweentbehitklandhulstateofthesupemn3kcuk 
NPU-M, the wave function of w&b has been expressed 
as tbe product of the unpemhd many ekctron func- 
tions of tbc compoacat systeals. u holds within our 
simpkmodelfortlWsecoodhpart8ntvariabkofthe 
@&ilityoftbee~~fer,butlmsootkcnhken 
into 8ccount for a qu8ldhtm of the ~-systems in Part 
II. In this psper. therefore. 8n approximate expression 
for U will be derived based on a swtion nude by 
Labbut u al.’ This expresshI cont8ins only vuiabks. 
avaikbk from ordii PPPalcuktions sod to&ks us 
toalcukteUformylrowtryoftbeaBgre@eNPU- 
MinrektioatbtheekctrooicsuWureofbotbcoln- 
ponents in the Lund uul excited sin&t shte. 

TkrektionbetweenU’8ndtbedilYerenceoftbe 
8bwfptionmdihlomccDcccln!fgiu,ME,f0?~ 
rtheoretk8llne8surefortheenergytransfersbouldbe 

given in analogy to an quation derived by Foerste? as 

p=r[AE”-dE=-+IU)-. 

Here.p,willbedehedurtbeor&Aindexofthe 
energy tr8nsfer probhility, the v&e of which 
represents 8 key for systemmthiq organic ~-systems 
t&tcrslillBWiXtkpbLWFritrrl!Whl~~doaoc~ 
an receptor of cmly. 

JSpansitm of Ihe irurmction iafqtml U 
Startiq from qo (I) tbc mrny ckctronic functioar 

can be expressed by a hear combinuhn of the 
con6gunthul wave functiom 

V NIU-M’ = 
F 

c,,ur,y,u,- = x c,*,r::,“-“’ (4) 
-1 k-1 

l Y 

with 

In qm (3) md (4. Cy 8od CM kbd the component 
dpnvectors of a o(y ekctron traasih #,-+, in NPU 
8ndI)L~0,inM,raultiqfromthem8trix0fconf@n- 
tkaiotartioa,nrpectivdy.‘lkbusIbovetbemok- 



cukr orbhls in qn (5) indiute occuprrion by M ek.c- 
tron with 4 spin. 

Tbc -tot 3 in qn (I) cont8ins 111 the inter8ctions 
between tbe st8tes NPU*-M 8nd NPU-M* 8nd 
be4zoaws: 

losedon of qns O)-(6) into (I) 8nd exprnsion of chc 
integnl provides 0:’ 

U= 
w -I CwCdhH,, + S,.HB + $HI + S.H,,l 

mNPlJ l Y 

+ Cii/W - CWh 0 

Tbc~inqnOcaobe&lhd8ndexp8ndcdby8 
tine8r combnhon of tbc rtomic orbids within the two 
r-systems 8s follow@ 

with 

(&H’&.) = K * S, = H, (lo) 

Introdwtion of tbc xao dilfaeotirl ovukp 8pproxim8- 
rioninroqo(II)udinIcrtionofqat(~ll)intoqn 
0 gives the lhl cxpfl!ssion for the in- u: 

which hu been estimrtal by usiw tk M8ug8-Nishi- 
moto 8pproxinwion: 

IO 8 short b8ad not8tion qn (12) c8n be expfessaJ 8s: 

U-U,tU,tlJ~ (14) 

with 

Hat UC. UI rad U, represent tbc cw of coulombk 
repulsion between the ekctrona of tbc two st8tes. of tbc 
resolll~x in&o ktweeo the ekctrons in NPU 8nd 
thecoreioM8ndvicevas88odofthecnalyof 
exw of ekctrons between tbc two st8ta 8ccordii 
to 8 bcdiin of tbc cxcidon on NPU or on M. 
respectively. 

Itcmkrbowa.thutbcBnttaminqn(14)irtbc 
domin8ntoae.Tbcsecoodtam,duetotbcfesotmnce 
inta8ctions is sm8llg for one order of m8gnhnk. The 
thifdtamU~hstiUmwbsm8lkr8ndcutkn@cted 
for the arst 8ppfoxim8tko. Thus. for 8 rough UtilMtka 
of tbc U intqds for diiaent systems ia d&rent 
geooMrks the cxchlsive coasi&r8~0 of the tam UF 
should be sullkkot 8nd h8s been 8pplkd elsewhere.“’ 
F~qn(l2)itankcecoIhrUbacomeloao,atbc 
tr8nsithiaMcrat&~isforbiddeo. 

Varbtio8 of U dth the spathd armqanmt of the corn- 
pkxi8g molamla 

Tbt v8fkMs y#, 8nd S, in qn (12) ause 8 cob 
silknbklkpeodcac.eoftlwintqr8lUoothesp8ti8l 
ufurcmeot of the compotlcot mokcuks in the vlrr_ 
pte. IO pbysicd mixtures of tbc components in whIti 
orinthegesphue,Uwillbeobthdu8st8ti&8l 
8VQLp v8lue of 8ll cod@miolls cxiat& ilbckborAlly io 
tbcmomentoftbc~u8tdaprocus.l%isb8s 
beent8keointo8ccoun~c~int&Foastaqtt8tknby 
iotrodw+tbeorkot8tioafectora.*hredwest& 
prodwtoftbEtr8Mitkomomeotvl?cton~Iotbeaseof 
8ItOOCOU~coopliblOftbC~'~"8OdCVCO 

intbesolidst8te.howeva.thedEckttcyoftbeeoagy 
tr8nsfashouldk&aminedbytbt6xedsp8ti8lu- 
f8t&emeotoftbecoalp.Itfecme4ltokdesinbkfor 
us.thaefore.tohowthe&pdeaceofUooddhite 
gLvXM&softbc 86UW8+,fI!Us.foOtkcomplcX 
NPU-pymJk8system8tidv8Mtmaofthe6eoadcd 
aurut&un~vicwoflbcf~wiug~dffce&m 

(i) 7he comikx has a p&eat geomUry. Tbc pytrok 
oukcuk sumnmds the NPU_rial withiu its plane (see 
Fe 18). 

(ii) Ilk compla haa a sanddch gmmetry. Tbc dir- 
tun~ofthepkneswuv8rkd(F~ Ib).lbctnmktitu 
movement of t& pyrmk mokcuk rektive to the NPU 
within 8 6xed dist8llce of tbc pknes hu been in- 
vestiplcd (Fe lc). The mhtiw movement of tk pyr- 
rok mokcuk rektive to NPU within 8 6xed disW of 
tbCpklEs8Od8hCd unqpmcntoftbepymlkova 
the r-system of NPU tyu decked (Fe Id). 

Thcrcsuhsofcbesndy8rethefolb~: 
(i) u’ for smdwkb alalpkxa cxccads tbu of PLau 

compkxu for t3 orders of m8gnitd. 
(ii)V shows 8n exponentkl slope with R 8d 

kcomtrhhitCillIbc~OflkUIlitdlIbOkak. 

Thefef~.tbe~in~ diSUDCCOftktW0 

mokcuksintb8madwidl -~colhpc 
witbtbeOptim8lv8hlcofu'. 

(iii) Maximdovalrppiploftlletwor-ryrtcmrcuna 



a3 

a tnxxid value of U’. Titus. the compkx “‘tips over 
rhy” is more fmntnbk tbacl tk compkx ‘ring over 
filMiolnl m”. 

(iv) Within 8 hai distance of the mdacuht phncs 
mdt&opthlovcrlrppirclofthcr-rystclllrU’wiubc 
furtbcr&pettdentontbcatt&6fonnedbytbetna- 
sition momew of the two w-BystunS. wbicb UC 
dlBbk frwtt PPP caktwottx, too. u’ becancx a 
muimuatfwoc6sIsMd 16ora~1w(see?5&2). 

TttcnktiottbdvatU’8ttdp&eainsqa(?)in- 
dk8&&thUl!UdOtlcbetOt8lOrrpproXilWCCOill- 

CidUECOflbC~liOOudll~rnoritiO~ 

ettt+sofNPUaadM,xtdmdvducofU’tneamr 
mxxid xbility of M to rtimttkte or inbii the pbo* 
RksltidoaToobaip8fcti8bkaequcnccofu 
v&m for dilTefcot systetm M, only those #eometrics 
oftky~r~teNPU-MwiUkcottsideredwbkltgwe 
lMxilMlvrhrcrforU’.Ibe~coo8idctedQ 
I&mforc~tbcrrwtimetbcmoufIvounMtposition 
of M dative to NPU in tbc energy ttatufer process. 

Calm and dtkmssitm of tk new inda p 
Accordipltoeqn(1S)t&tbcuatvalucsofUbrvc 

bcea akuhtcd for an extended IIIIIIIbcr of r-symns 

u’.v8hKs of two orden of tltx&Mk lower tbxn tbc 
runner. To thin mttP of mokcuks belongs abo dii 
&tuanc.whicbbkaovmtobemdectiveinhiiof 
the pbotd%ia rc8ctioow (see bcba ntis exampk 
rbowr,uwclnowfromcqn(2),IhtU’~k~ 
only vuimbk for es- the energy tntufer rctivih. 

Thus, cd&tit@ the theofew $dw*~. 
UptQ)~COtltbittCtbC~ 
diUetettcesinxbxofption8ndlhrwetwencderof 
the two tnokcttks (see Put rn 8nd tJtc u4tta 
oWnal froot eqn (IS). llten. p represents witbin the 
scopeofoufxppfoxittmtctnolkl,tbcabiliiofmy 
r-system to act as donaf or acceptor of tls excwott 
ettcgy of NPU. 

T&k I sbows tbc ruulu. IO exceIkat rqament with 
tk exprimcnt we find that tbc sdicylic ester and 
dibeozofur8n UC the chief inhibitors of tbc pbotdries 
WCthl.“AllOthCpbO@dUCtoftbtrrrction,rmb- 
mltiliccstcrstmuldhvccomidcnMc~tytortu 
quember of the reacthI. However. the mo8t supctior 
qaeac~systcmforthercaclhahrbccnfoundtobe 
tkpyryliunion.7%issysteatbasnotbemtatedat8u. 

The Striki~ diucmca in the acqlwtce of systems 
bctwattTabk1utdF~3sbow,umeotiottxdxbon, 
tbxtsmdlvxhtuoflJ’attnotkcombinedineveryasc 
WitltxbWd~&ilityolthCSyStUiltMdokrfWS8. 
Ikdecidingf8ctofrhighqucachiPlors~uhting 
d?ectinbothrhi#bvdueforU’8ndrhdiuefcttce 
bewecntltcemissioaettqyofdonorxndt&8baorption 
eotrgyoftJlcacaptas.AgoodexMtpkkdibenxdtmn. 
tbcexdktttqtendh&rtivityofwftichismrialydue 
torsmde#rWdiNemceofits~nvcku@b 
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FSg. 2. The influence of the rotation an& on Uz for diiennt systems. 



oftbephoto-Frksractioo. 
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absorph band to tbc location of the NPU duorescence. 
on the u&T band. the s-tnembered riug beterocycks 
sboukl have only a small seositixbu activity, ahhou& 
tbair U’-values are ratbcf bi. In tbc case of pyryiium 
bothakfgevalwofUandasnrllcnergydihtenceis 
W. 

Tbc model s-ted seems to tefkct some tekvant 
rehths co- the energy tnnsfer phcaotnenon in 
the phobFries reaction. in spite of some drastic 
apptuxinmtioaa. Thefefore. it can be helpful for 8 sys- 
teamtic aarch of inhWton of the reaction inv&ated. 
Tbeexpensesforobtain&tharestdtsucratbusman 
andatkastafou&sekctionofWuctufcsfotpnclicrl 
tests can++ &en. In Fii 4 the transition energies and 
tbcuaantnmtnoments(whicbcaaksbowntobeina 
neuly direct pfupoftioaality to up of some r-systems 
mpfcseatediacomparisontotbeemissionmzr(yof 
NPU. Neuly all the systems are unchecked, W sboutd 
have a quencbi~ e&c! on the pbotA%es raactbo. 

Attention had been Kivcn to 8 minimal diierence in the 
excitation energy to the emission encr~y of NPU, to hi& 
tYdtblllOlttUttS8OdtO8rudlcitnt~Yd 
the systems. Tbc number of compounds con&fed can 
kextendedarbit&yandtbemodelprcsentalcanbe 
transformed to other pbotoreachs, the stimulation of 
anihiktion of whiib is of pfactbl interest. 
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