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The effect of an external electric field on the total fluorescence of solute molecules is studied 
up to fourth order theoretically, and is checked experimentally with 4'-N.N-dimethylamino-
4-nitrostilbene in dioxane at room temperature. 

I. Introduction 

In previous papers [ 1 - 5 ] electro-optical emission 
measurements have been developed, theoretically 
and experimentally. With these methods the in-
fluence of an external electric field on the fluores-
cence of solutes is measured and f rom the resulting 
quant i t ies electric moments in the fluorescent 
excited state and in the corresponding Franck-
Condon (FC) ground state can be determined. 
Fhese measurements can be done spectrally resolved, 
or optically integrating over the whole fluorescence 
band, in this way def in ing "electro-optical emission 
measurements ( E O E M ) " and "integral electro-
optical emission measurements ( IEOEM)". The 
latter method is preferential ly used since the 
measur ing accuracy is much better because of the 
better photon statistics. On the other hand, less 
informat ion on molecular quanti t ies can be derived. 
Because of the high relative accuracy of this latter 
method especially with highly polar molecules, the 
a t tempt has been m a d e to detect an effect of fourth 
order in the electric field applied to the solution. 

Hence the first theory of IEOEM is extended to 
the fourth order and then the results f rom measure-
ments are analysed with respect to second and 
fourth order terms. Molecular quanti t ies derived 
f rom second and four th order then should give 
values equal within the measur ing errors if the 
molecular model used is sufficiently elaborated. In 
this way a fur ther test of the model connecting 
molecular quanti t ies with macroscopic values can 
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be per formed, as well as of the experimental quali ty 
of the method. 

II. The Photon Current in a Modulated Electric Field 

The experimental ly observed photon current 
pE{<p) in an electric field £ a can be expanded to 
fourth order with respect to E.d 

pE(<p)=p[\+2X{<p)Ej + 4X(<p)E% (1) 

whre the expansion coefficients 2X(cp) and AX(cp) 
can be de te rmined by varying the applied electric 
field. cp is the angle between E.d and the polarization 
direction given by an analyzing polarizer. With the 
used method [3], the electric field is modula ted in 
order to be able to detect even small changes of p 
due to an electric field 

E.d = F g -I- £ w cos co 1. (2) 

Putting £ a f rom (2) into (1). af ter some trigono-
metric t ransformat ion and rearrangement . pE(cp) 
results: 

pE(cp) = p [1 + XCJ(cp) cos to t + X2cj(<p) cos loot 

+ X3oj(cp) cos 3 o n + XAw{(p) cos 4 c o t ] , (3) 

where p is the photon current without an external 
field, 

(4) 

Xm(<p) = 2X(cp) 2£g £w + 4X(cp) (4El £w + 3£g £3), 

X2OA(P) = 2X{cp)\El + 'X(cp) (3 E\El + j £ 4 ) , (5) 

X31:J((P)= 4X(cp)EgEl (6) 

*4CM= *X(cp)\Ei. (7) 
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With the appara tus described in [3], the quant i ty 

Xm(<p) 
X((p)=-

~> E F (8) 

can be measured. 
Putting Xu, f rom (4) into (8) yields 

A » = 2X((p) + 4X(cp) (2E\ + | E2). (9) 

The following ( independent ) l inear combinat ions of 
X(cp) values are impor tan t experimental ly: 

X 2 = X ( p = 0 o ) + 2 A > = 9 0 ° ) 

= 2 X 3 + 4 X 3 ( 2 £ 2 + f £ 2 ) , ( 1 0 ) 

X 3 = 6X((p = 0 ° ) - \%X((p = 90° ) 

= 2 X 2 + 4 X 2 ( 2 £ 2 + f £ 2 ) , (11) 

in this way defining the following terms 

2 X 2 = 2 A > = 0 o ) + 223f(?> = 9 0 o ) , (12) 

2 X 3 = 6 2 Z ( p = 0 ° ) - 18 2JV(<^ = 9 0 ° ) , (13) 

4 X 2 = 4A'(^ = 0 ° ) + 2 4 A ' ( ^ = 9 0 o ) , (14) 

4 X 3 = 6 = 0 ° ) — 18 = 9 0 ° ) . (15) 

Hence, once X(cp) has been de te rmined at d i f ferent 
field strengths, f rom a regression analysis of the 
X (cp) with respect to the field strength term 
( 2 £ 2 + y E l ) the exper imental quant i t ies 2X(cp) and 
4X(<p) and thus 2 X 2 , 2 X3, 4 X 2 and 4 X 3 can be 
determined. 

III. The Second Order Effect Terms 2 X 2 and 2 X 3 

In order to be able to de te rmine molecular 
quantities, like the pe rmanen t d ipole moment /.i°e °f 
a free molecule in its f luorescent state, f rom the 
measured values of macroscopic quanti t ies, like 
2X(<p) or 2 X 2 and 2 X3, a sui table model must be 
used to connect the quanti t ies. A rigorous and 
general discussion of such considerat ions has been 
given recently by Liptay et al. [6]. T h e basic model 
used here with IEOEM is that developed originally 
for electro-optical absorpt ion measurements by 
Liptay. It is based on the Onsager reaction field 
model that connects the electric field E acting on a 
solute with the externally appl ied Field Ed. The 
theory of IEOEM has been publ ished [3, 4], It was 
shown there, that in the case of strongly polar mole-

cules the following relations between the experimental 
: X 2 and 2 X 3 values and the molecular dipole 
m o m e n t hold, if the transition dipole momen t 
involved in the considered fluorescence process, the 
d ipole moment in the fluorescent state and that in 
the corresponding FC-ground state are at least ap-
proximately parallel: 

2 X 2 % 0, 

2 X 3 = 
( k n Ml 

where 

/ < e = / e ( 1 - / a ° r V 

(16) 

(17) 

(18 ) 

With a spherical approximat ion to the molecular 
shape one has 

Je = 
3£ 

2 f i + 1 

1 2 £ 
./ — 7 4 71 £0 a 3 2 £ + r 

(19) 

(20) 

where 4na}/3 is about the solute's molecular 
volume, £ the dielectric constant, £0 the permit t ivi ty 
of the vacuum and y.°e the polarizabili ty of the solute 
in its fluorescent state. 

IV. The Fourth Order Effect 

The theoretical model given in [3, 4] can be 
extended to fourth order without any problem. But 
with today's and the near fu ture ' s measur ing 
accuracy only effects of the permanent d ipole 
momen t can be de termined experimental ly f rom the 
four th order effects. Hence the theory, a l though 
developed taking into account minor effects of 
polarizabil i t ies and transition polarizabil i t ies [7], is 
displayed here for the mere dipole term only, which 
is by far the most significant one. Also, parallelity of 
the dipole moment and the transition dipole 
moment involved in the fluorescence process is 
assumed. With this simplif icat ion, the calculation 
gives 

4 X 2 ^ 0 , (21) 
4 1 

X 3 
21 (kT)' Mt (22) 

using the defini t ions already given. Hence, Me can 
be determined independent ly of : X 3 and 4 X3. 
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V. Experimental Check 

In order to be able to detect a fourth order effect 
well above the photon noise level, the experimental 
check was done with the well-investigated molecule 
4 ' -N,N-dimethylamino-4-ni t ros t i lbene ( D M A N S ) in 
dioxane at 298 K. 

Table 1 shows one set of nine values for X 3 and 
X2 at nine di f ferent field strengths F a , for which the 
de termining terms 2EgEw and 2E\ + \El are 
given, too. The relative error of a single X 3 value 
within a given set is less than 3%, the error between 
independent sets of X 3 values is about 2.5%. Hence 
a single set has been given and analyzed further . 

X2 is about 3% of X 3 what justif ies that minor 
terms could have been omit ted with (17) (see [3], 
too). T h e values of 2 X 2 and 2 X 3 as well as those of 
4 X 2 and 4 X 3 de te rmined f rom a linear regression 
according to (10) and (11) are given in Table 2, 
together with the resulting dipole moments . 

The agreement between the results f rom the 
second and fourth order effects must be looked at as 
pretty good, having in mind that the fourth order 
effect amounts to only about 1.5% of the total 
measur ing effect. The error given in Table 2 is 
derived f rom the s tandard error of the respective 
regression coefficients within one set of X 3 values. 
One should add about 2.5% due to statistical errors 
between sets of X 3 values and about 4% due to 
cal ibrat ion errors. can be determined using an 
est imate for y.°e/a3. But this is not within the scope 
of this paper (see [8]). The agreement with previous-
ly de termined values for of D M A N S in dioxane 
solutions is also good ([3, 8], and references cited 
therein). 

VI. Conclusions 

The extension of the model used with IEOEM to 
interpret experimental effects of fourth order in the 
electric field strength has mainly been done to check 
and prove the quali ty and applicabil i ty of the 

Table 1. Values of X2 and X3 at different field strengths, 
represented by the field strength terms 2 £ p £ w and 

~> F F 2Ej + 1 E2 
2 '-v. X 2 X 3 

1012 ITT2 V2 1012 m -2V2 10~20 m2 V - 2 1 0 - | 7 m 2 V ' 2 

10.3 21.4 - 5920 191.1 
22.9 48.1 - 5900 191.0 
40.6 90.2 - 5870 190.8 
51.3 107.2 - 5900 190.6 
63.4 133.1 - 5860 190.2 
73.9 155.4 - 5800 189.4 
81.8 173.3 - 5820 189.3 
99.1 208.4 - 5850 188.9 

122.2 257.2 - 5840 188.2 

Table 2. Results from a linear regression according to (10) 
and (11). 

2X2 /10" •17m2 V-2 - 5.91 ±0.02 
2X 3/10" 17 m2 V-2 191.69 ±0.18 
4X 2/10" 34 m4 V-4 40 ± 20 
4X 3/10" "34 m4 V-4 - 1330 ± 2 
//e/10-3 0 Cm 127.5 ± 0.1 (from 2X 3) 
/ /e /10-3 0 Cm 111 ± 1 (from 4X 3) 

model . From the results - the regression coefficients 
and their errors - it can be seen that this model is 
well suited for the description of four th order 
effects, too, with IEOEM on small molecules. Hav-
ing in mind the complexity of the fluorescence 
process and therefore the various ways of possible 
effects of an external electric field on the fluores-
cence intensity, then this result cannot be considered 
trivial as it could be looked at, at a first glance. In 
addi t ion , the experimental set-up has proven to be 
of adequa te quali ty even for the detection of a small 
four th order effect. 
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