
Table 1. Solar x-ray spectrum recorded by Bragg spectrometer. 

Lab. Intensity 
Wavelength eas. above le- 

observed predict at (104 ment Transition Notes 
(A) ( photons 

(A) cm-2 sec-1) 

13.7 13.820 1.4 Fe xvii 2p So-3p' 'P Possibly also Ne ix, 
Narrow. 

15,0 15.012 11.7 Fe xvII 2p 'So-3d 'D1 Narrow. 

15.25 15.261 7.2 Fe xvIn 2p 'So-3d 'P Narrow. 

16.0 16.006 4.2 0 vni IS 25S/-3p -?P/2, 1i/ Lyman A. Narrow. 

16.72 16.774 11.1 Fe xvii 2p S,o-3s P1 Narrow. 

17.01 and 17.051 14.7 Fe xvii 2p S,-3s 'T Doubled by excursion 
417X05 of pointing control. 

Both peaks narrow. 

17.65 and 17.768 21.0 o vi 1'2 '1(IP 'Pt Doubled by pointing 
17.72 control excursion. 

18.54 and 18.627 30.0 0 vii 12 So-1s3p P, Doubled by pointing 
118.61 control excursion, 

18.8 and 18.969 23.2 0 viI Is -iS,-22p -P j/ Lyman a. Doubled. 
X18.9 

, 
Broad wings. 

20.8 20.910 N vii 1s -S,_._-3p / Lyman . Very weak 
line. 

21.55 21.602 461.0 Ov i ts2 S-ls2p 'P, Broad. 

21.70 21.804 212.0 0 vii Is2 'S2-ls2p 3'P Broad. 

23.2 31.2 Broad. Unidentified. 
Possibly N vi. 

24.8 24.781 85.2 N vii lsS,12-2p 2P3/2, 1/2 Lyman a, Broad. 
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tensities. The intensities are given in 
numbers of photons per square centi- 
meter per second in each line above 
the earth's atmosphere. 

These intensities have been computed 
from the observed fluxes and the meas- 
ured spectrometer efficiency. The esti- 
mated accuracy is 50 percent. In 
Table 1, four groups of two lines each 
are shown bracketed. These are single 
lines that were doubled by pointing ex- 
cursions which interrupted the continu- 
ity of the spectrometer scan. 

The narrow widths of the lines of 
Fe-xvn, indicate that they originate 
in active regions of approximately the 
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same dimensions as plages. The Lyman 
/ line of 0 viii is also narrow, but the 
lines of 0 vii and N vii are as broad as 
would be expected from a source cov- 
ering the full disk. 
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Electroconductive Polymers 

Abstract. Polymers of a new type with an unusuial combination of properties 
have been synthesized. They are of high molecular weight, they are soluble in 
organic solvents, and they can be cast as films. Their electrical conduction is 
electronic in the solid state and can be controlled up to a conductivity of 10'3 
ohm1 cm-1. 
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That electroconductive organic poly- 
mers possessing the mechanical proper- 
ties of the common insulating plastics 
have potential value is attested by the 
numerous reported attempts at syn. 
thesis. The work from previous years 
has been reviewed (1). The more re- 
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cent contributions (2) deal with the syn- 
thesis of conductive polymers by in- 
troducing conjugation, free radicals, 
charge transfer complexes, or metal 
ions as part of a polymeric structure 
and, more empirically, by pyrolysis 
of otherwise nonconductive materials. 
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troducing conjugation, free radicals, 
charge transfer complexes, or metal 
ions as part of a polymeric structure 
and, more empirically, by pyrolysis 
of otherwise nonconductive materials. 

The resulting products have been either 
insoluble, infusible powders or, if sol- 
uble, of low molecular weight, low 
conductivity, or both (3). We now 
report preliminary studies of a class 
of electroconductive polymers, of high 
molecular weight, that can be depos- 
ited from solution as homogeneous 
films suitable for making physical 
measurements. 

Microcrystalline, monomeric salts of 
the tetracyanoquinodimethane anion 
(TCNQ-) and related complex anions 
-for example, (TCNQ)---possess con- 
ductive properties (4). Our observa- 
tions are that combinations of these 
ions with polymeric cations produce 
polymers that can readily be cast as 
coherent films and have electric con- 
ductivities as high as 10-' ohm-' cm-' 
(5). 

Poly(2-vinylpyridine), molecular 
weight 2.2 X 10, was alkylated with 
excess dimethylsulfate in alkaline so- 
lution. The resulting poly(l-methyl-2- 
vinylpyridinium methylsulfate) (6) 
was freed of inorganic salts by dialysis 
and was shown by titration to be com- 
pletely N-alkylated. A solution of this 
polymer in 50 percent ethanol, well 
stirred under nitrogen, was mixed with 
a solution of the lithium salt of TCNQ 
in 50 percent ethanol, the amount of 
TCNQ being sufficient to provide one 
TCNQ anion for every monomer unit. 
The precipitate formed was collected, 
washed with aqueous ethanol, washed 
repeatedly with ethanol, and dried in 
a vacuum over phosphorus pentoxide. 
Films of this material were cast from 
dimethylformamide or acetonitrile and 
cut into shapes appropriate for four- 
point probe measurement of conduc- 
tivity; silver electrodes were painted 
on as contacts. Conductivity of these 
films was markedly dependent on the 
presence of neutral TCNQ, which was 
added, in these studies, to the solutions 
from which the films were cast (Table 
1). 

A copolymer of styrene and 2-vi- 
nylpyridine (molecular weight greater 
than 5 X 104) containing 45 mole per- 
cent vinylpyridine residues was alky- 
lated with n-butyl iodide in a mixture 
of ethyl acetate and nitromethane. 
Analysis of the ether-precipitated poly 
mer indicated that 80 percent of pos 
sible quaternization had occurred. Th 
product was allowed to react wit 
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Table 1. Conductivity of poly(l-methyl-2- 
vinylpyridinium TCNQ) films. 
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cipitated salt was washed repeatedly 
with ethanol before drying in a vacuum 
over phosphorus pentoxide. Analysis 
indicated that seven-eighths of the 
iodide anions had been replaced by 
TCNQ-. Films of this product were 
cast from dimethylformamide. Again 
conductivity was strongly dependent 
on the presence of added neutral 
TCNQ (Table 2). 

Results similar to these two have 
been obtained with quaternized deriv- 
atives of other basic polymers, includ- 
ing poly(1l-vinylimidazole), poly(4-di- 
methylaminostyrene), poly(ethylene- 
imine), poly(4-vinylpyridine), as well 
as with incompletely quaternized sam- 
ples of poly(2-vinylpyridine). In all 
cases the conduction behavior is sim- 
ilar to that just described, ranging 
from less than I 0-1 to 10-` ohm-' 
cm-~, depending on the neutral TCNQ 
content of the polymer films. The con- 
duction process is electronic, as dem- 
onstrated by experiments in which 
polarization or electrolytic effects have 
been shown to be absent after the pas- 
sage of large amounts of charge. The 
conductivity as a function of tempera- 
ture can be described by the expression 

r = oe-/ 1. Experimentally deter- 
mined activation energies in the pres- 
ence of added TCNQ are of the order 
of 0.1 to 0.3 ev. 

Those TCNQ-containing films hav- 
ing relatively good conductivity, that 
is, approximately 10-5 ohm-' cm-', 
have a matte surface and in several 
cases have been shown by x-ray dif- 
fraction to possess a degree of order 
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that does not result from crystallites of 
neutral TCNQ; in systems having poly- 
(2-vinylpyridine) as the basic unit, 
this order corresponds to a 6.3-A spac- 
ing. Except at very high concentrations 
(more than 20 percent), there is no 
evidence of crystalline neutral TCNQ 
in the conductive films. The coinci- 
dental appearance of regularity with a 
sharp increase in conductivity over a 
narrow TCNQ concentration range 
strongly indicates that ordered struc- 
tures play an essential part in the con- 
duction process. 

The maximum conductivity of the 
TCNQ-doped films of the various pol- 
ymers examined lies in the region 10-3 
to 10-' ohm-' cm-1, regardless of the 
polymeric cation; the narrowness of 
this range suggests that the polymer 
backbone and side chains do not par- 
ticipate directly in charge transport. 

In studies of crystalline ammonium 
and imonium salts of TCNQ- and 
(TCNQ)-,, ions it has been observed 
that conductivities of the complex 
salts are usually 10' to 107 times those 
of the simple salts (4). It is tempting 
to conclude that conduction in our 
polymeric TCNQ derivatives is associ- 
ated with contiguous ordered regions 
in which the conduction process is re- 
lated to that in the complex salts. It 
can be determined from Tables 1 and 
2, however, that the overall ratio of 
neutral TCNQ to its radical anion in 
our most effectively conductive films 
is considerably less than unity, the 
value that would correspond to the 
(TCNQ)-2 ion. 

that does not result from crystallites of 
neutral TCNQ; in systems having poly- 
(2-vinylpyridine) as the basic unit, 
this order corresponds to a 6.3-A spac- 
ing. Except at very high concentrations 
(more than 20 percent), there is no 
evidence of crystalline neutral TCNQ 
in the conductive films. The coinci- 
dental appearance of regularity with a 
sharp increase in conductivity over a 
narrow TCNQ concentration range 
strongly indicates that ordered struc- 
tures play an essential part in the con- 
duction process. 

The maximum conductivity of the 
TCNQ-doped films of the various pol- 
ymers examined lies in the region 10-3 
to 10-' ohm-' cm-1, regardless of the 
polymeric cation; the narrowness of 
this range suggests that the polymer 
backbone and side chains do not par- 
ticipate directly in charge transport. 

In studies of crystalline ammonium 
and imonium salts of TCNQ- and 
(TCNQ)-,, ions it has been observed 
that conductivities of the complex 
salts are usually 10' to 107 times those 
of the simple salts (4). It is tempting 
to conclude that conduction in our 
polymeric TCNQ derivatives is associ- 
ated with contiguous ordered regions 
in which the conduction process is re- 
lated to that in the complex salts. It 
can be determined from Tables 1 and 
2, however, that the overall ratio of 
neutral TCNQ to its radical anion in 
our most effectively conductive films 
is considerably less than unity, the 
value that would correspond to the 
(TCNQ)-2 ion. 

To use the electron microscope in 
cytochemistry, it is important to find 
reagents that will not only react selec- 
tively with the specimen to be viewed 
but increase the electron opacity at the 
site of a particular enzyme or func- 
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Combination of the TCNQ radical 
anion with the cationic groups of most 
of the polymers we have prepared to 
date is apparently not stoichiometric. 
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tional group of the specimen and hence 
improve the contrast of the image. 
Reagents which contain elements of 
high mass density as well as high atomic 
number (1, 2), or have the ability to 
combine after the tissue reaction with 
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Osmiophilic Reagents: New Cytochemical Principle for 

Light and Electron Microscopy 

Abstract. Established histochemical procedures have been altered by utilizing 
reagents which contain a group capable of reacting selectively with OsO,,. This 
permits the cytochemical demonstration of a particular enzyme or functional 
group of a macromolecule with the light and electron microscope. The osmiophilic 
groups used thus far are mercapto, thiocarbamyl, and diazothioether. The "osmium 
black" produced at the site of reaction is electron opaque, is insoluble in lipids, 
and is not altered when the issue is embedded in acrylic and epoxy resins. Its 
fine amorphous character enables it to be maintained precisely in the electron 
beam. 
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