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COMPARATIVE ESR STUDIES OF SOLID POLYCRYSTAL- 
LINE ALKALI METAL SALTS OF TCNQ AND TCNQF4 

Ma T. JONES, T.MARU0, S. JANSEN, J. ROBLE, 
University of Missouri-St. Louis, Department 
of Chemistry, St. Louis, Missouri 63121, USA 
R. D. RATAICZAK 
Muskingum College, Department of Chemistry, 
New Concord, Ohio 43762, USA 

Abstract The results of comparative ESR 
studies of the polycrystalline salts of alkali 
metal TCNQ and TCNQF are presented. The 
temperature dependenge of the relative 
magnetic susceptibility as determined by ESR 
techniques is presented. All the TCNQ salts 
studied show a thermally activated 
paramagnetism, whereas, at least, one of the 
TCNQF salts follows Curie Law. The principal 
compoAents of the g-tensors have been measured 
as a function of temperature. There is 
considerably more variation in both sets of 
measurements from alkali metal to alkali metal 
for the salts prepared from TCNQF4 than there 
is for those prepared from TCNQ. 

INTRODUCTION 

ESR studies of dilute solutions of KTCNQ and 
KTCNQF4, in our laboratory, have demonstrated 
that both anion radicals are ion paired in 
solutions of ether type solvents. The proposed 
structures for the ion pairs are different for the 
two different radical ions . This structural 
difference arises because the total charge density 
distribution in the two anion radicals is 
considerably different due to the strong electron 
withdrawing fluorine atoms of TCNQF4. 
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22 M. T. JONES et al. 

A more recent study, in our laboratory, of 
the physical and spectroscopic properties of the 
solid state potassium salts of TCNQ and TCNQF 
shows that the two salts not possesd 
isomorphous crystal structures . A review of the 
literature shows considerable variation in the 
crystal structures when TCNQF is substituted for 
TCNQ in the preparation df charge transfer 
complexes from a given donor(See references 1 and 
2). Also observed is a discontinuous change in 
the ESR spectral envelope of polycrystalline 
KTCNQF at 150 K. Based on our ESR study of the 
polyc&talline salts of KTCNQ and KTCNQF4, we 
have discovered what may be a general and 
relatively quick technique to screen 
polycrystalline charge transfer salts for the 
existence of low lying thermally activated exciton 
states. 

Thus, a comparative ESR study of the entire 
alkali metal series of solid state TCNQ and TCNQF 
anion radical salts has been initiated, 4 
preliminary report of which is presented here. 
The reasons are several fold. One, to see if the 
differences between KTCNQ and KTCNQF4 are 
paralleled in the balance of the alkali metal 
series. Two, to determine what effect, if any, 
the heavy alkali metal ions(- and Cs) have 
directly(i.e., because of their larger spin orbit 
interaction engeries) upon the g-tensors of their 
respective salts. Three, since, in general, 
excitonic solids possess many of the same 
electronic and crystalline properties as possessed 
by low dimensional conductors, it was of interest 
to further test our newly discovered technique for 
screening for excitonic solids. 

EXPERIMENTAL TECHNIQUES 

The TCNQF was prepared as described in Ref. 3 and 
TCNQ was aurchased from Aldrich Chemical Co. The 
alkali metal TCNQF and TCNQ salts were prepared 
from the appropritte precursors following the 
procedure described in the litejjature for the 
respective alkali metal TCNQ salts . D
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COMPARATIVE ESR STUDIES OF TCNQ AND TCNQF, SALTS 23 

The the details of the ESR spectrometer and 
the experimental techniques used in th2 studies 
described here are discussed elsewhere ' and will 
not be repeated here. 

EXPERIMENTAL RESULTS 

TEMPERATURE DEPENDENCE OF ESR SPECTRAL INTENSITIES 

The experimental study of the temperature 
dependence of the ESR spectral intensities(i.e., 
the magnetic susceptibility) is of considerable 
significance because it provides insight as to the 
electronic and magnetic properties of the systems 
under study. For example, many charge transfer 
salts and complexes display activated ESR magnetic 
susceptibilities and many of these are observed to 
be exciton solids in which the planar paramagnetic 
species present in the complex are stacked 
pancakewise. Thus, based only on an ESR study of 
the temperature dependence of the magnetic 
susceptibility of a series of polycrystalline 
solids, one can make a limited judgement as to 
which materials might be so structured in the 
solid state. This information when combined with 
an ESR study of the spectral envelopes as a 
function of temperature can be very useful as 4a 
rather definitive screen for excitonic solids . 
Table I summarizes the results of our studies on 
the alkali metal TCNQF salts and provides a 
comparison with the resufts for the corresponding 
TCNQ salts taken from the literature. The 
temperature range used for the study of the TCNQF4 
salts was 110 to 300 K with exception of ICTCNQF4 
which has been studied from -4 .2  to 300 K. 

It is interesting to note that all of the 
alkali metal TCNQ salts display activated(i.e., 
low lying excited) paramagnetic states with a 
narrow range of activation energiesq whereas, one 
of the alkali metal salts of TCNQF follows Curie 
law(i.e., LiTCNQF4). 
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24 M. T. JONES et al. 

TABLE I Summary of Activation Energies, J, in 

ev. for Alkali Metal TCNQ and TCNQF4 Salts. 

Ratio 
M: T Metal TCNQ TCNQF4 

1: 1 Li 

1: 1 Na 

1: 1 K 

1: 1 Rb 

1: 1 cs 

2:3 cs 

a 0. lob 
0.23 

f Curie Law 

O.2ld C 
0.24 

0 .  053h 

f 

- 0 .  042f 

0.2gb -0.053 

0 .  16e 

'J. G. Vegter, J. Kommandeur, P. A Fedders, Phys 
Rev. B. 1, 2929-42(1973). Corrected for doublet 

. Hibma, P. Dupuis, J. Kommandeur, Chem. Phys. 

'i?SilEon, G. Berthet, J. P. Blanc, J. Gallice, 
H. Robert, and C. Thibaud, Phys. Stat. Sol (b) 99, 

aT . Hibma, Ph.D. Dissertation, University of 

4 4  . T. Jones and D. B. Chesnut, J. Chem. Phys. 38, 

'This work. 
gSpectra show the superposition of two thermally 

RM . T. Jones, S. Jansen, A. Berndt, S. Puloka, 
R. D. Rataiczak and D. J. Sandman, In Preparation. 

esonance. 

15, 17-20 (1972) . 6, 

63 (1980) . 
roningen, The Netherlands, 1974. 

311 (1963) . 
ctivated species. 
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COMPARATIVE ESR STUDIES OF TCNQ AND TCNQF, SALTS 25 

ESR SPECTRAL ENVELOPES OF POLYCRYSTALLINE SAMPLES 

The ESR spectral envelopes of polycrystalline 
alkali metal TCNQ and TCNQF salts have been 
studied as a function of tempdrature for most of 
the possible alkali metal TCNQ/TCNQF4 pairs. 

Figure 1 shows a plot of the values of the 
principal components of the g-tensor for 
polycrystalline LiTCNQF . As Table I shows this 
material obeys Curie Lgw over the temperature 
range of the study. Hence, the spin concentration 
is independent of temperature as is the ESR 
spectral envelope as shown in Figure 1. It is 
also of interest to note that the polycrystalline 
ESR spectral envelope is symmetrical in contrast 
to the spectral envelope of LiTCNQ which is 
asymmetrical. 

2.00206 2-6 

T/K 

Figure 1 Plot of the values of the principal 
components of the g-tensor for LiTCNQF4 as a 
function of temperature where g 
+Is,  g3 = diamonds, and <g> = thangles. 92 = = squares, D
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26 M. T. JONES d d. 

Figure 2 shows several spectra taken as a 
function of temperature for the NaTCNQF4 salt. 

I I 
I I 

I I 

--,---77 I1 I 

I I 

Figure 2 ESR spectra of NaTCNQF4 as a function 
of temperature where A = 237 K, B = 227 K, 
C = 212 K and D = 161 K. 
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COMPARATIVE ESR STUDIES OF TCNQ AND TCNQF. SALTS 21 

The NaTCNQF salt at room temperature 
displays a comjlicated spectrum at room 
temperature which appears to be the superposition 
of two spectra both of which arise from thermally 
activated paramagnetic species. As the 
temperature is lowered the intensities of both 
spectra decrease. However, one decreases more 
rapidly than the other. We are working on the 
problem of deconvolution of these spectra in our 
laboratory. 

The ESR spectral envelope of polycrystalline 
KTCNQF is strongly temperature dependent and 
undergaes an abrupt change at gg 150 K(See Ref. 2) . 
A number of charge transfer salts are known to 
undergo crystalline phase transitiong15as a 
function of temperature(e.g., KTCNQ and 
triphenylmethylphosphonium(TCNQ) ) . In many 
instances, these phase transitdns are reflected 
in changes in the observables of an ESR 
experiment(e.g., the g-tensor, magnetic 
susceptibility, spectral linewidth, etc.). The 
rather dramatic change in the ESR spectral 
envelope 
raises the question as to whether this might b8 
due to a such a phase transition. This question 
remains unanswered at the moment, however, a 
number of physical studies are underway in an 
attempt to provide the answer. 

The RbTCNQF salt appears to behave in a 
fashion similar t8 that of the KTCNQF4 salt. 

Figure 3 shows a plot of the values of the 
principal components of the g-tensor for CsTCNQF 
as a function of temperature. Two things are of 
interest. First, there is a significant narrowing 
of the spectral linewidth as the temperature is 
lowered. Second, the spectra are symmetrical as 
they are for LiTCNQF4. 

The values of the principal components of the 
g-tensors were measured from tqe spectral 
envelopes using the method of Kneubul . Values so 
obtained at room temperature are shown in Tables 
I1 and 111. One is struck by the fact that in the 

as a function of temperature for KTCNQF 
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28 M. T. JONES CI a/. 

D 

T/K 

Figure 3 Plot of the values of the principal 
components of the g-tensor for CsTCNQF as a 
function of temperature where g = square$, g2 = + I s ,  g3 = diamonds, and <g> = triangles. 

TCNQ series all the spectra are symmetrical(i.e., 
g = <g> with the exception of those obsewed for 
t%e Li(1:l) and Cs(2:3) salts. In the TCNQF 
series, the K and Ftb(1:l) salts displat 
asymmetrical spectra. These differences are under 
active investigation. 
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