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Photochemistry in the Electronic Ground State. I. Vapor 
Phase Irradiation of Organic Compounds by Continuous Wave 
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Abstract: Limonene and isoprene were irradiated at various pressures by means of a continuous wave CO2 laser. 
The results show that it is possible under controlled conditions to obtain reactions in the electronic ground state 
under nonequilibrium conditions. The possibility of carrying out reactions obeying symmetry selection rules of 
thermal reactions and having thermodynamic and kinetic properties of photochemical reactions by means of 
infrared laser light is discussed. 

Since laser sources have been developed, many ex­
periments established the fact that saturation of 

excited states (electronic as well as vibrational) may be 
obtained by optical pumping.3-9 

In a gas mixture, under conditions of intense mono­
chromatic infrared (ir) radiation, at controlled pressure, 
a situation may be achieved where the electromagnetic 
energy pumping exceeds collisional relaxations. In 
such a system the energy distribution among the mixture 
components is a function of their absorption coefficients 
and may differ considerably from the Boltzmann type 
distribution of energy which is specific to isothermal 
conditions. 

If the mixture components are chemically intercon­
vertible, a steady state may be achieved where the ratio 
among interacting compounds is a function of the ab­
sorption coefficient of the monochromatic ir radiation, 
rather than on the equilibrium constant K defined by 
eq 1 where A and B are the interconvertible gas mixture 
components. 

K = [A]/[B] (1) 

The nearest analog to the latter system is one where 
the mixture components are kept simultaneously at 
different temperatures. The thermodynamic condi­
tions are similar to those of a system which is subject to 
monochromatic ultraviolet (uv) or visible light, which 
is absorbed preferably by one of the components. The 
difference is that the latter system undergoes reactions 
in electronic excited states which, according to symmetry 
selection rules, very often leads to products different 
from those obtained in ground state reactions.10 On 
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the other hand, ir light under the previously mentioned 
conditions may lead to vibrationally excited states in the 
electronic ground state, the vibrationally excited mole­
cules may undergo reactions which are indistinguishable 
in nature from thermal reactions from a symmetry se­
lection rule point of view, but the ratio between starting 
material and product will not depend on the free-en­
ergy difference but on the absorption coefficient as it is 
in an ordinary photochemical reaction. 

The purpose of the present study was to test the feasi­
bility of using monochromatic infrared radiation to in­
duce photochemical reactions in the electronic ground 
state. 

The ir absorption spectrum of most organic com­
pounds starts above 2.5 n (4000 cm - 1) with energies less 
than 14.3 kcal/einstein, so that single photon processes 
are rendered impossible for most organic reactions. 
Laser light seems to be the only monochromatic source 
that may fulfill the requirement of more than a single 
photon transition. We have studied the possibility of 
irradiating organic compounds in the gas phase by con­
tinuous wave (cw) ir laser to obtain stepwise photon ab­
sorption. By taking advantage of the long radiative 
lifetime of vibrational states, it was possible to study the 
collisional lifetime by controlling the pressure of the 
system. The simplest cw laser operating at high inten­
sities is the CO2 gas laser. Attempts to irradiate com­
pounds at medium pressure (50-700 Torr) using a CO2 

laser are reported in the literature. *1_ 16 In all previous 
cases emission of uv or visible light or chemical reac­
tions ceased upon reduction of pressure. 

Results and Discussion 

A. Irradiation at Low Pressures. 1-Limonene (1) 
was irradiated at 2 Torr in a 4-m long irradiation cell 
by means of a 5-W beam at 10.6 /x (943 cm - 1) obtained 
from a CO2 laser. The starting material recovered 
after irradiation retained its original optical activity, 
but vapor phase chromatographic (vpc) separation 
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Figure 1. The infrared spectrum of isoprene: (a) in liquid phase 
in a 0.1-mm cell; (b) in gas phase at 73.5 Torr in a 10-cm cell; (c) 
in gas phase at 14.2 Torr in a 10-cm cell. 

showed the presence of many cleavage products. Cou­
pling the vpc column with a mass spectrometer facili­
tated identification of some of the products, the main 
one being isoprene (2). Isoprene could be formed by a 

Figure 2. Plot of the total amounts of products (C) in arbitary 
units, obtained by iradiation of isoprene at low pressure vs. the 
pressure (p). 

retro-Diels-Alder reaction, which, according to sym­
metry selection rules, is allowed only in the electronic 
ground state. The energy of activation is estimated to 
be greater than 60 kcal/mol,17 far above the 2.7 kcal/ein-
stein corresponding to 10.6-̂ 4 wavelength of irradiation. 
Other products were benzene, toluene, ethylbenzene, 
methylethylbenzene and isomers of allocimene, dihy-
drolimonene, and low molecular weight compounds 
which could be formed by further cleavage of isoprene 
(2) or from the cleavage of limonene (1) to form aro­
matic compounds. There is no indication of the elec­
tronic state involved in the formation of compounds 
other than isoprene (2), but also in these reactions, acti­
vation energies far exceed the 2.7 kcal/einstein supplied 
by the CO2 laser in a single photon process and may 
reach the value of 100 kcal/mol when carbon-carbon 
single bonds are cleaved.18 Multiple photon transitions 
are highly improbable by a 5-W continuous beam, and, 
moreover, the reaction shows no sensitivity toward 
fluctuations in light intensity of about 15 % which should 
strongly influence a multiple photon reaction. In spite 
of the fact that the temperature measured was 25°, it 
may be argued that the reaction obtained was an ordi­
nary thermal reaction where the ir beam just replaced a 
hot element. A study of the pressure dependence of 
the reaction provided an answer to this argument. 
Since the vapor pressure of 1-limonene at room temper­
ature is only 2 Torr, we chose to study the irradiation of 
isoprene, the vapor pressure of which is about 600 Torr 
at room temperature. The ir spectrum of isoprene is 
shown in Figure 1. It is seen from the figure that a 
broad absorption exists at 10.6 M (943 cm - 1X the nature 
of which does not change significantly upon increase of 

(17) H. Kwart and K. King, Chem. Rev., 68, 415 (1968). 
(18) K. Tararaa in "Handbook of Organic Structural Analysis," 

Y. Yukawa, Ed., W. A. Benjamin, New York and Amsterdam, 1965, 
pp 537-540. 

pressure, and it retained its main characteristics even in 
the liquid phase.19 

The products obtained from irradiation at 1 Torr 
were identical with the mixture obtained by irradiation 
of limonene (I),20 but limonene (1) itself was not de­
tected. Although small molecular weight products 
like C2H2, C4H4, and C4H6 can be formed directly from 
excited isoprene (2), higher molecular weight com­
pounds may appear via a vibrationally excited dimer of 
isoprene (2) generated in a high vibrational state; it 
could not readily be deactivated due to the relatively low 
frequency of collisions and therefore underwent further 
cleavage. At pressures above 3 Torr no detectable 
amounts of products were formed. Upon reduction of 
pressure the amount of products increased, until a max­
imum value was reached at 0.05 Torr, whereas with 
further reduction of pressure the amount of products 
decreased. In Figure 2 the variation of the total 
amount of products (C) is plotted vs. the variation of 
pressure (p) at constant beam intensity and after 1 hr of 
irradiation. 

In the following discussion we shall try to analyze the 
pressure dependence of various excited states of a light 
absorbing material, which is subject to intense mono­
chromatic radiation. 

Expansion of the Beer-Lambert equation to low-
pressure conditions gives eq 2 where I0 represents the 

I = J0(I - dp) (2) 

intensity of radiation incident on the absorbing species 
at pressure p, I the light intensity transmitted through 
the cell of length /, and e the extinction coefficient. The 
quantity of light absorbed I0 — I = E is given by eq 3. 

(19) There is a finite absorption but no maximum. 
(20) High-temperature pyrolysis of isoprene and other conjugated 

dienes has been shown to give similar products: cf. E. GiI-Av, J. 
Shabtai, and F. Steckel, J. Chem. Eng. Data, S, 98 (1960); J. Shabtai 
and E. GiI-Av, hr. J. Chem., 1, 231 (1963) 
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E = htlp (3) 

Later in Figure 4 it will be shown that this equation is 
valid for isoprene at pressures below 30 Torr. From 
Landau and Teller's21 equation (eq 4, where K is con­
stant), it is seen that the rate of collisional relaxation is 

pr cc exp(X/rI/s) (4) 

proportional to the pressure. According to these data 
we can write eq 5 for the rate of formation of singly ex­
cited isoprene. Here A* represents the concentration 

dA*jdt = htp - A*K1P - K2A* - A* (J0 (5) 

of molecules excited by one photon, K1 = rate constant 
for collisional relaxation, K2 = rate constant for uni-
molecular relaxation, and ei = absorption coefficient of 
A* for the excitation by an additional photon to the 
state A**. 

Assuming that a steady state is achieved we derive 
eq 6. Knowing that K2 is very small compared with Ki,22 

A* = I0epl(K2 + KlP + eJo) (6) 

and as long as collisional relaxations are much faster 
than two photon excitations, eq 6 is reduced to eq 7. 

A* = UtIK1 (7) 

At very low pressures, as K1P becomes smaller, the latter 
considerations may become invalid, and a slight pres­
sure dependence may appear. Due to the minor de­
pendence of A* on pressure, the fraction of excited mol­
ecules in the total mixture increases as the pressure de­
creases. This effect will lead to a pressure dependence 
of the apparent absorption coefficient and finally to sat­
uration. Upon saturation A* equals the concentration 
which corresponds to p/2. 

In this case A* is linearly reduced with reduction of 
pressure. Assuming now that part of A* is further ex­
cited by absorption of photons, then with similar con­
siderations we obtain eq 8 for the concentration of A**. 

A** = A^eJoliK.p + K, + /062) (8) 

At pressures where A* is pressure independent A** in­
creases with a reduction of pressure. At lower pres­
sures, where saturation conditions for A* are achieved, 
A * becomes pressure dependent, and K4p may approach 
the value of K-0 + J0e2. Finally, A** reaches a maxi­
mum value, and with a further reduction of pressure 
A** is reduced. Applying the same treatment to the 
absorption of additional photons will show a sharper 
dependence on pressure, with a maximum near the sat­
uration conditions. From this treatment it is seen that 
qualitatively the experimental results (see Figure 2) fit 
into a scheme where a successive absorption of photons 
is responsible for the observed reaction. A more de­
tailed treatment is impossible since the exact mecha­
nism of the reaction is unknown. The negligible depen­
dence upon light intensity shows that the experiment 
takes place very near to saturation conditions, possibly 
also in higher levels of excitation. 

In further experiments we have introduced various 
inert gases to the reacting gas. Addition of helium at 
pressures exceeding the pressure of isoprene decreased 

(21) L. Landau and E. Teller, Phys. Z. Sowjetunion, 10, 34 (1936). 
(22) R. C. Millikan in "Molecular Relaxation Process," Chemical 

Society Special Publication No. 20, The Chemical Society, London, 
Academic Press, London and New York, 1966, p 219. 

the rate of formation of all compounds with molecular 
weights larger than isoprene but did not influence the 
formation of low molecular weight products even at a 
pressure of 20 Torr. Similar results were obtained with 
argon, but product formation was totally inhibited with 
nitrogen at a pressure of 10 Torr, independent of the 
partial pressure of isoprene. The relationship between 
He and N2 is the inverse from what is expected from 
their thermal conductivities which are 3.43 X 10 -4 and 
5.78 X 10-5 cal cm - 1 sec - 1 deg -1 , respectively.23 

This experiment excludes the possibility of an iso­
thermal reaction, because, if the optical energy pumping 
did not exceed collisional relaxations, then the laser 
beam would act as a hot wire in the irradiation cell, and 
deactivation by an inert gas will be in accordance with 
its thermal conductivity. On the other hand if eq 5-8 
are valid, then deactivation will depend on the vibra­
tional deactivation constants, and the nitrogen diatomic 
molecule should be more efficient than He which cannot 
vibrate. Moreover, isoprene itself is most efficient due 
to matching of all energy levels.24 

In our discussion we have neglected the fact that due 
to the nonharmonic character of vibrational modes, 
successive absorption of photons may be forbidden. 
It should be emphasized that in the relatively complex 
molecules involved in the reaction, absorption by many 
modes may be responsible for the measured absorption 
at 10.6 ju (as is already seen from the broad nature of the 
band). Since the reactive state that we try to achieve 
is analogous to a state where the compounds with pre­
ferred absorption coefficients are at a higher tempera­
ture, it is not essential to direct all the irradiating en­
ergy which is necessary to cleave a specific bond at that 
bond itself.25-29 Even if the energy is distributed 
among the various modes in the molecule, the proba­
bility of bond cleavage increases. It may also be ar­
gued that the energy which is stored in the absorbing 
modes is redistributed in all the other modes, so that 
the absorbing mode acts as a window through which the 
electromagnetic energy of the laser beam is pumped into 
the molecule while being itself raised no more than a 
single or perhaps a few steps above the vibrational 
ground state. This model can be tested by emission 
experiments from the absorbing compound. Such 
emission experiments appear in the literature.11-16 

In most cases emission appears not only from the band 
which was primarily excited by absorption of the laser 
light but also from other levels including levels with 
much higher energies than those supplied by the laser 
beam. Furthermore, Robinson, Woodward, and 
Barnes11 described an experiment where simple organic 
compounds under the influence of 10.6 û radiation 
emitted light from all the vibrational levels which ap­
pear in the absorption spectrum and also found that the 
total intensity of the light emitted depended on the ab­
sorption coefficient at 10.6 fx. 

(23) R. C. L. Bosworth, "Heat Transfer Phenomena," Associated 
General Publications PTY, Ltd., Sydney, Wiley, New York, N. Y., 
1952, pp 29-32. 

(24) C. B. Moore, Accounts Chem. Res., 2, 103 (1969). 
(25) N. B. Slater, "Theory of Unimolecular Reactions," Cornell 

University Press, Ithaca, N. Y., 1959. 
(26) C. N. Hinshelwood, "The Kinetics of Chemical Change in 

Gaseous Systems," 3d ed, Clarendon Press, Oxford, 1933, 
(27) O. K. Rice and H. C. Ramsperger, J. Amer, Chem. Soc, 49, 

1617 (1927). 
(28) L. S. Kassel, / . Phys. Chem., 32, 225 (1928). 
(29) L. S. Kassel, ibid., 32, 1065 (1928). 
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Figure 3. Plot of the total amounts of products (C) in arbitary 
units, obtained by irradiation of isoprene at high pressure vs. the 
pressure (p). 

From this discussion one may draw the following 
conclusions. 1. Electronic ground state reactions can 
be induced by absorption of irradiation. 2. Stepwise 
excitation may lead to reactions with energies of activa­
tion far above the energy/einstein of the incident radia­
tion. 3. Nonequilibrium states may be achieved by 
the influence of the incident ir monochromatic light. 4. 
Product formation depends upon the vibrational life­
time which may in itself be controlled by the partial 
pressure of either the reacting material or that of an in­
ert gas that may be introduced separately. 

Most organic compounds have a considerable ab­
sorption at the wavelength of 10.6 n used in these exper­
iments. When laser sources will be available with suffi­
cient intensity at other specific wavelengths, it will be 
possible that photochemistry in the electronic ground 
state may be introduced in those cases where selection 
rules prevent the desired product formation through 
electronic excited states. 

B. Irradiation at High Pressures. It is obvious 
that earlier reports of reactions of organic compounds 
employing 10.6-yu laser beam irradiation at higher pres­
sures8-16 are completely different from the reactions 
reported above. In order to study the difference we 
have also carried out irradiation of isoprene at higher 
pressures. 

Between the pressures 3-30 Torr no product forma­
tion was detected at a beam intensity of about 30 W; 
further increases of pressure led to the formation of 
three dimeric products.30,31 The total product forma­
tion after 20 min of irradiation as a function of pressure 
is shown in Figure 3. Unlike the experiments carried 
out at lower pressures, the total amount of products 
was sensitive to both variations in beam intensity as 
well as pressure. The data in Figure 3 can be inter­
preted as follows. At 30 Torr most of the light is not 
absorbed. This is seen in Figure 4A, where the amount 

(30) The exact structure cannot be deduced from the mass spectrum. 
(31) I. N . Nazakov, /. Gen. Chem. USSR, 25, 307 (1955). 

0 08 

0 IO 20 I (cm) 

Figure 4. (A) Plot of E cs. /. (B) Plot of (d£/d/)p cs. I. 

of light absorbed (E) (eq 9) is plotted vs. the path length 

E = /0(1 - e-d") (9) 

on the beam in the 15-cm cell. In Figure 4B, (d£/ 
d/)p (eq 10) is plotted vs. I. This derivative is propor-

(dEjdl)p = hepe-'lp (10) 

tional to the amount of light absorbed by unit volume 
of gas at point / in the beam cross section. From Fig­
ure 4B it is seen that at a pressure of 30 Torr (dE/dl)p 

hardly changes with /. At this pressure the experi­
mental conditions may be compared with those of a hot 
wire surrounded by a cold isothermal cylinder.32 Also, 
at the same and higher pressures the thermal conduc­
tivity is pressure independent,33 and, neglecting heat 
losses by convection, the amount of heat conducted to 
the walls is proportional to the length of the wire. 

From Figure 4A it is seen that the amount of light 
absorbed in the 15-cm irradiation cell increases con­
siderably with pressure, while Figure 4B shows that at 
higher pressures (dEjdl)p becomes very large at the 
cell entrance but then falls off sharply with /. In the 
analogous hot wire experiment this is equivalent to a 
shortening of the wire while pumping more power into 

(32) R. C. L. Bosworth, "Heat Transfer Phenomena," Associated 
General Publications PTY, Ltd., Sydney, Wiley, New York, N . Y., 
1952, p 35. 

(33) Reference 32, p 32. 
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it. In this case the thermal losses will decrease while 
the temperature will rise considerably. It is clear that 
under the conditions described the reaction at the higher 
pressures can be explained by an ordinary thermal pro­
cess where the laser beam merely acts as a heat source. 

The most important question in our discussion is 
whether the reaction rate of a substance in a gas mix­
ture is dependent on the light absorbed by other com­
ponents in the gas mixture. In a 15-cm cell we have 
irradiated successively two gas mixtures with the follow­
ing constitutions: the first sample consisted of pure 
isoprene at 272 Torr; and the second sample 110 Torr 
isoprene, 58 Torr /ra«s-butene, and 110 Torr pentane.34 

Both mixtures had the same optical density and ap­
proximately the same heat content and the same ther­
mal conductivity. 

Since the rate of an isothermal dimerization is given 
by eq 11 where V is the rate of dimerization, K = rate 

" ( ^ 

V = X[M]2 
(H) 

constant, and [M] = the concentration of the monomer, 
we have divided the total amount of dimers obtained 
in each experiment by the square of the partial pressure 
of isoprene in that experiment. The rate constants 
obtained in this manner and expressed in arbitrary units 
are 55.8 and 56.2 for mixtures 1 and 2, respectively. 
The same rate constant is obtained for the dimerization 
of isoprene in experiments 1 and 2, in spite of the fact 
that in experiment 1 all the light was absorbed by iso­
prene and in experiment 2 most of the light was ab­
sorbed by trans-butene. 

It is evident from the latter experiment that isoprene 
reached the same temperature in the two separate ex­
periments, where it absorbed different fractions of 
light. No differentiation of temperatures among mix­
ture components according to their absorption coeffi­
cients takes place at pressures above 30 Torr and with a 
beam of 30-W intensity, in contrast to what we assume 
for the same compounds at pressures below 3 Torr. 

Similar reactions induced by a CO2 laser and carried 
out at pressures above 30 Torr were reported by other 
authors.x 1_ 16 In an interesting study of the unimolecu-
lar decomposition of BCl3,

8 it was found that at a 
pressure of 150 Torr, the rate of reaction depended on 
the 25th power of the laser intensity. This dependence 
was reduced to the fifth power at a pressure of 375 
Torr and to the second power at a pressure of 675 Torr. 
This behavior was related by the authors to a cascade 
excitation through collisions of excited molecules which 
competed with their collisional deactivation. 

If our interpretation is considered, then increasing 
the pressure will lead to an elevation of temperature. 
Equation 12 represents the rate of decomposition of 

-d[BCl3]/d/ = [BC\3]Ce-AE/KT (12) 

BCl3 as a function of temperature, where C is a constant, 
T absolute temperature, and AE energy of activation. 
Since all the light is absorbed by the sample, then /, the 
light intensity, represents the rate of accumulation of 
thermal energy. The thermal conductivity to the walls 
by the gas is given by eq 13.23 After a steady state is 

dQjdt = K(T - 298) (13) 

Figure 5. The irradiation system: (1) laser discharge tube; (2) 
electrodes; (3) Brewster angle sodium chloride windows; (4) mir­
rors, (a) the laser mirrors, (b) mirrors for folding the beam into the 
cell; (5) irradiation cell, with Brewster angle sodium chloride win­
dows (5a); (6) capillary entrances; (7) material tubes; (8) thermis­
tor (Veco 531); (9) magnetic valves; (10) liquid air containers; 
(11) inert gas controlling system; (12) vessels containing mixtures 
of isopentane and methylcyclohexane as thermal fluid; (13) metallic 
spiral tubes; (14) magnetic stirrers; (15) heaters; (16) thermo­
couples; (17̂ i temperature controlling system; (18) McLeod gauge. 

obtained, the temperature at a specific point in the cell 
is given by eq 14, where D is constant. 

T = 298 + DI (14) 

(34) The pressure extinction coefficients of trans-bv&ene and isoprene 
are 15 X 10~4 and 5 XlO-4, respectively; pentane is completely 
transparent. 

Equation 12 is reduced to 

-d[BCl3]/d? = [BCl3]Ce1--AE/(298+Z)/)*] (15) 

The B-Cl bond cleavage occurs at temperatures where 
DI > 298, and eq 15 will be very sensitive to / . As we 
have shown above, D increases with pressure, and at 
high pressures as K(2% + D) » AE, dependence of eq 
15 on /vanishes, as was observed by the authors. 

Experimental Section 
Materials. All materials were first purified by distillation and 

then repeatedly by preparative vpc on a 20 ft X !/s in. column 
packed with 30% SE-30 coated on 30-60 mesh Chromosorb W 
until analytical vpc (capillary column 120 m X 0.02 in. coated with 
SE-30 on a Varian Aerograph 1200 gas chromatograph equipped 
with a flame ionization detector) indicated no impurities. The 
same analytical vpc technique was used for the quantitative esti­
mation of the irradiation products. In order to analyze the prod­
ucts, the gas chromatograph was coupled with a Hitachi Perkin-
Elmer RMU6 mass spectrometer. 

Laser. The cw CO2-N2-He laser used (Figure 5) consisted of a 
3-m long discharged tube with two Brewster angle sodium chloride 
windows and a cavity consisting of two concave mirrors at 4-m 
distance. The output coupling was achieved by a 6-mm hole in one 
of the mirrors. 

Irradiation Cells. A 15-cm and a 4-m cell were used for the high-
pressure and low-pressure experiments, respectively (Figure 5). 
The cells contained two control systems. 

A. A System for Adjusting the Pressure of the Organic Com­
pounds Which Were Irradiated (Figure 5). This was based on the 
dependence of the pressure on the temperatures of the compounds 
in tube 7a and tube 7b (vide infra). System 17 then controlled 
separately the temperatures of the compounds in the above tubes 
by switching on and off either the magnetic valves (9a and/or 9b) 
to let the flow of liquid air through the metallic spiral tubes (13a 
and/or 13b) or each of the electric heaters (15a and/or 15b) to 
adjust the temperatures measured by thermocouples (16a, b). 

B. A System for Controlling the Pressure of the Inert Gas. A 
control unit (11) switched on and off the magnetic valve (9c) accord­
ing to the temperature of a thermistor (Veco 531) (8). Since the 
heat flow from the thermistor (8) to the walls of the system is a 
function of the total pressure, therefore the temperature of the 
thermistor (operated at 12 V) depends on the pressure. A cold 
trap (10a) isolated the thermistor from the organic compounds. 

Yogev, Loewenstein, Amar j Irradiation by Continuous Wave COi Gas Laser 



1096 

Irradiation Experiments. In each experiment 100 ml of the 
purified organic compound was placed in one of the tubes (7a or 
7b). During irradiation, the compound was distilled from one tube 
to the other by keeping the distillation tube at a somewhat higher 
temperature than the receiver tube. When the distillation was 
complete the temperature difference between the tubes was reversed 
and the distillation repeated in the opposite direction. Reversals 
of direction of distillation were repeated until the end of the irradia-

The majority of reported2 nematic mesophases occur 
at substantially elevated temperatures. Recent dis­

coveries utilizing the nematic mesophase as an aniso­
tropic solvent for spectroscopy3 and as a substrate 
exhibiting an important electrooptical response4 have 
placed increasing importance on the development of 
room temperature nematic activity. Within the diaryls, 

x-0-Y-<D^z 

whether as single compounds5 or mixtures,6 this search 

(1) (a) Wright-Patterson Air Force Base; (b) Wright State University. 
(2) W. Kast in "Landolt-Bornstein," 6th ed, Vol. II, Part 2a, Springer-

Verlag, Berlin, 1960, p 266. 
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tion. The pressure of the vapors in the cell was adjusted by con­
trolling the temperature at both tubes, 7a and 7b. 

The inert gases which were added in some experiments flowed 
through the cell slowly at a controlled pressure. After 1 hr of 
irradiation the products and the remaining starting material were 
collected in one tube and analyzed. The relative quantities of the 
products were then estimated by the peak areas of the gas chromato-
gram. 

has been primarily restricted to anils. We were con­
cerned with the influence of the central linkage upon 
diaryl structures with low temperature nematic poten­
tial. 

A structural problem related to the assignment of 
oxygen in unsymmetrical diaryls with an azoxy central 
linkage arose. The presence of a formal negative 
charge on oxygen makes azoxybenzenes relatively strong 
Lewis bases and susceptible to structural elucidation 
via lanthanide shift reagents. Both the emergence7 of 
shift reagents as tools for structure determination and 
the recent disclosures8 related to the polarizing and 
structural influence of central linkages upon meso­
morphic activity within the diaryls prompted us to 
report our results. 

Results 
The relative ordering of nematic thermal stability for 

15 central linkages is shown in Table I and the effect of 
central linkage variation within a homologous series in 
Figure 1. The results of the influence of the central 
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Abstract: The influence of the central linkage on the mesomorphic and electrooptical behavior of diaryl structures 
with low-temperature nematic potential is examined. The nematic to isotropic transitions for a wide variety of 
diaryl structures exhibit a parallel behavior for center linkage variation within a homologous series. No corre­
sponding parallelism for the crystal to nematic transitions is present. The relative ordering of nematic thermal 
stability for 15 central linkages is examined for the 4-n-butyl-4'-methoxydiaryl derivatives. Low-temperature 
diaryl nematic systems are possible with a wide variety of central linkages. Several of these systems are examined 
with regard to the influence of the central linkage upon their ability to light scatter when electrically activated. 
Application of a new lanthanide shift reagent, tris(l,1,1,2,2,3,3-heptafluoro-7,7-dimethyl-4,6-octanedionato)-
europium(III), [Eu(fod)3], to determine isomeric distributions of several unsymmetrical azoxybenzene mixtures is 
described. Upfield shifts are observed for protons on the 4,4' substituents. This anomaly is discussed in terms 
of the expression for the pseudocontact interaction. 
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