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be experimentally distinct; in procedures C1 and C4, genera-
tion of the cation automatically gives the correct anion, thereby
combining steps i and ii. The C procedures presumably all
proceed by this process, but the two-phase systems are poten-
tially mechanistically complex. Some of the betylates, for ex-
ample, may act as phase transfer agents thereby making it
difficult to distinguish between (a) substrate phase transfer
(with the actual reaction occurring in the aqueous phase), and
(b) “normal” phase transfer of the anion followed by a sub-
strate-reagent ion-pair reaction in the organic phase; micellar
and interfacial processes can also further complicate the pic-
ture.

Both the phase transfer and ion-pair processes are obviously
capable of extension well beyond the betylate reactions given
here, and we foresee application of betylate chemistry and of
these methods not only in synthesis but in mechanistic and
biological studies as well.
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Mixed Phenazine- N-Methylphenazinium
7,7,8,8-Tetracyano- p-quinodimethanide.

A Quasi-One-Dimensional “Metal-Like” System with
Variable Band Filling

Sir:

In the past few years there has been enhanced activity in the
design and synthesis of highly conducting pseudo-one-di-
mensional (1-D) organic'+? and inorganic complexes?: so that
the saliant features of such 1-D materials can be understood.*
To date only a few prototype organic systems have been
studied. These are based on 7,7,8,8-tetracyano-p-quinodi-
methanide (TCNQ™.) (2) salts of heterocyclic open shell sulfur
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Table I. Unit Cell Parameters for (NMP),{(Phen);-,TCNQ

(NMP)o.74- (NMP)o.s4-
(NMP) (Phen)g - (Phen)o.4¢-
(TCNQ)# TCNQ TCNQ
a, A 3.8682 (4) 3.890 (8) 3.865(7)
b A 7.7807 (8) 7.799 (3) 7.611(32)
¢, A 15.735 (2) 15.706 (6) 16.329 (51)
@ 91.67 (1) 91.75 (6) 93.73 (49)
8 92.67 (1) 92.96 (13) 91.53 (31)
v 95.38 (1) 95.45 (2) 94.65 (20)
v, A3 470.7 473.4 477.4

4 Reference 19.

(and/or selenium) (e.g., tetrathiofulvalene (TTF)), and closed
shell nitrogen containing (e.g., N-methylphenazenium
(NMP*, 1) cations. The results of such studies and, in par-
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ticular, the former open shell cation, TTF, has led to significant
advances in the understanding of the physics of 1-D organic
materials. However, many fundamental questions still persist.
Since the charge-transfer organic 1-D complexes studied to
date differ in structure and stoichiometry, comparisons be-
tween them have to be reported with caution. To alleviate the
intrinsic comparative difficulties, we attempted to design an
isomorphous series of highly conducting 1-D organic complexes
which possess a variable filled conduction band so that the
physical properties could be studied as a function of band
filling, i.e., Fermi energy.’ Of the available prototype organic
1-D “metals” (NMPH)(TCNQ™-)¢ was chosen as the model
system.”8 [t seemed reasonable that, if the TCNQ chain pro-
vides a driving force for the stabilization of the 1-D structure
and if on the average each TCNQ in (NMP*)(TCNQ™) is
TCNQ!'~, removal of NMP* (and of course the electron as-
sociated with its TCNQ™- moiety) would reduce the average
charge per TCNQ, i.e., TCNQ?~ (z < 1). Removal of the
cation would destroy the unit cell; however, substitution of the
NMP+ cation with a neutral molecule of comparable size,
shape, and polarizability should stabilize the structure.!? For
these reasons the substitution of phenazine, Phen (3), for
NMP+* in (NMP#)(TCNQ™), (1)(2), was attempted.

Scheme 1

A)NMP* PRy + Li*TCNQ™ + Phen® + TCNQ°

B) (NMP*) (TCNQ@™) + (Phen®) (TCNQ®)
\(NMP)X (Phen),.x (TCNQ)

C) (NMP*) (TCNQ); + Phen® ———— > 10>x> 05

D) (NMP*) (TCNQ); + (Phen°)(TCNQ°)+(TCNQ°)/

Through reactions A, B, C, or D, outlined in Scheme I,
complexes of (NMP*),(Phen) - (TCNQ™),(TCNQY)_,
= (NMP*),(Phen) -, (TCNQ)*~, 4, stoichiometry with 1
2 x 2 0.5, could be isolated as dark reflecting needle crystals.
Visual appearance and crystaliographic, elemental composition
and differential scanning calorimetry (DSC) measurements,
as well as temperature dependence of the conductivity and
magnetic susceptibility, indicate that these crystals resemble
but are not identical with (NMP+)(TCNQ—).12

Unit cell determinations were obtained on 4 (x = 0.24 +
0.01 and 0.46 £ 0.01).'8 The results suggest that 4 (x = 0.24
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Figure 1. The absorption spectra of LIi*TCNQ™ (a), TCNQC (b),
NMP+PF¢~ (c), phenazine (d), and (NMP)o.s4(Phen)o.4s(TCNQ) (e).
The ordinate is arbitrary.
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Figure 2. Differential scanning calorimetry traces of (NMP),
(Phen), -, TCNQ as a function of x.

and 0.46) is isomorphous to that reported by Fritchie!® for
(NMP)(TCNQ), Table I. The large standard deviations are
an artifact of the small crystals utilized and broad w scans!®
which are characteristic of disorder.20

Evaluation of the composition of 4, i.e., x, was carried out
by elemental analysis (which verifies that the (NMP*+ +
Phen)/TCNQ ratio was 1:1 within elemental error) and
electronic absorption spectra (~107% M in acetonitrile).?!
Figure 1 shows the electronic absorption spectra of TCNQ™-
(a), NMP* (b), Phen (c), TCNQY (d), and (NMP*),-
(Phen) —x(TCNQ™),(TCNQ) - for x = 0.54, 5 (e). The
46%, replacement, i.e., x = 0.54, of Phen for NMP* in 5§ is
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Figure 3. The temperature dependences of the conductivity for
(NMP),(Phen); -, TCNQ (x = 1.00, 0.94, and 0.81).

calculated from the evaluation of the absorbance, A4, of the
842-nm absorption,!42! and the sample weight via

= WTCNQ—!obsd)
Wsample
_ (X)MWrceng-

(OMWnmp+ + (1 = X)MWpye, + MWreng
where MW is the molecular weight, ¥ and w are the sample
volume and weight, respectively, and b and ¢ are the path
length and molar extinction coefficient and

x = 384.40z with z = A(MWTCNQ—-) Vsample

204.19 — 15.04z begar

% TCNQ™-

(la)

(1b)

The spectra, as illustrated in Figure I, show that § exhibits
absorptions characteristic of Phen (Ayax 347.5 nm), NMP*
(Amax 259 nm), TCNQ (Amax 394 nm), and TCNQ™ (Ayax 842
nm). Attempts to solve four simultaneous equations for the
concentrations of each of the four species in solution were
thwarted by the failure of the mixture to obey the Beer-
Lambert law below 600 nm.

Complex 4 exhibited a DSC trace characteristic of that of
(NMP*)(TCNQ--). Unlike (Phen)(TCNQ)!? and
(NMPH)(TCNQ),™,!4 4 exhibits an exothermic decomposi-
tion at 2200 °C. For larger x, the decomposition exotherm
occurs at higher temperature. A new exothermic feature at
~5-15 °C lower temperature than the exotherm also appears
with a magnitude which increases with x. Figure 2 depicts
several DSC traces for 4 as a function of x.

An attempt to replace NMP* in (NMPH)(TCNQ),™, 6,
with Phen via reaction D led to the isolation of 6 for small
amounts of added Phen and 4 for larger amounts of Phen.

The dc electrical conductivity, o, of 4 is also similar but not
equivalent to that of (NMP*)(TCNQ™+),22 Figure 3. The
“metal-like” behavior, i.e., do/dT < 0, is observed for all of
the samples measured near room temperature. The charac-
teristics of the conductivity and magnetic susceptibility which
will be reported in full at a later time are (1) the temperature
at which the maximum conductivity is achieved decreases with
x; (2) the omax/orT ratio increases with decreasing x, and,
finally, (3) the conductivity data for 4 (1:0 > x > 0.5) can be
fit to the previously reported temperature dependent mobility
model.22

The details of the ac and dc conductivity, magnetic sus-
ceptibility, ESR, and thermoelectric power, as well as other
measurements, will be reported later.
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Electronic Structure and Magnetism of Inorganic Compounds. Volume
4. By P. DAY (University of Oxford). The Chemical Society, London.
1976. ix + 277 pp. $45.50.

This volume in the series contains four chapters on Electronic
Spectra, Magnetic and Natural Optical Activity, Magnetic Suscep-
tibility Measurement and, new this year, Luminescence Properties
of Inorganic Compounds. The high standards of previous volumes are
more than met by Volume 4. The coverage of the literature, primarily
for 1973, appears comprehensive. The three-year delay between the
time the work appears in the journals and the publication of this work
is unfortunate but probably unavoidable. Particularly appreciated
by this reviewer is the range of topics covered in most chapters in-
cluding monographs and reviews as well as journal articles, on theory,
experimental techniques and instrumentation, and results. The writing
is concise yet still very readable and relatively free of typographical
errors. The authors have understandably but regrettably limited
critical analysis of results and conclusions to a small number of cases.
When they have chosen to comment their remarks are very useful. All
in all this is an excellent piece of work and the authors deserve much
credit for a massive undertaking so well done.

W. A. Baker, The University of Texas at Arlington

Carbohydrate Chemistry. Volume 8. Senior Reporter: J. S. BRIMA-
COMBE (University of Dundee). The Chemical Society, Burlington
House, London. 1976. 485 pp. $66.00.

This is another of the Specialist Periodical Reports and covers the
literature available to the group of seven reporters from mid-January
1974 to mid-January of 1975 in admirable fashion. Part I, concerned
with mono-, di-, and trisaccharides and their derivatives, contains 27
chapters on such topics as amino sugars, ethers, cyclitols, glycosides,
nucleosides, NMR spectroscopy, and conformational analysis. Articles
dealing with microbial polysaccharides, enzymes, glycoproteins, and
glycolipids are among the eight chapters concerned with macromol-
ecules in Part II. There are more than 3100 references (mainly to
papers published in 1973 and 1974), and many useful diagrams. The
reporters have managed the difficult task of presenting indepth cov-
erage of an impressive number of topics in a clear and concise manner.
The reviews demand considerable background from the reader; they

should be valuable to the research worker, to the faculty member
wishing to organize a course, and to anyone interested in really digging
into this area. Ideas for further research turn up continually. A de-
tailed list of contents helps to compensate for the lack of an index.
Volume 8 is a stimulating and detailed account of advances in car-
bohydrate chemistry during the period surveyed.

Robert A. Weisman, Wright State University

Beam-Foil Spectroscopy. Edited by S. BASHKIN (University of Ari-
zona). Springer-Verlag, Berlin-New York. 1976. xiv + 318 pp.
$28.30.

This book presents a remarkably complete introduction to and
survey of the current status of beam-foil spectroscopy (BFS). It con-
sists of ten chapters by eleven different authors, all of whom are rec-
ognized authorities on BFS. Bashkin’s introductory chapter on ex-
perimental methods in BFS sets the tone for the remainder of the
book—a lucid presentation rich in information about BFS. Topics
covered include hydrogenic and multiply-excited levels populated in
BFS; mean life measurements utilizing BFS; oscillator strengths;
applications of BFS in astrophysics; Lamb shift and forbidden decay
studies; coherence, alignment and orientation of the BFS source; and
fast projectile electron spectroscopy via beam-foil excitation.
Throughout the book, care is taken to balance the experimental dis-
cussions with theoretical calculations. The relative advantages and
disadvantages of BFS compared to other methods of obtaining in-
formation about monatomic systems are also discussed. Ample sug-
gestions for BFS studies remaining to be made are sprinkled
throughout the book. Perhaps the strongest point of this work is the
extensive reference list provided at the end of each chapter and in the
appendix. These alone make this book an excellent source work on
BFS.

Arlen R. Zander, East Texas State University

Physicochemical Methods of Mineral Analysis. Edited by A. W.
NicoL (University of Birmingham, England). Plenum Press, New
York, N.Y. 1975. xv + 508 pp. $34.80.

The book originated from a university course in England which
presented an account of new physicochemical methods applicable in



