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Contribution from the. Inorganic Materials Research Division, 
Lawrence Radiation Laboratory, 

and the Department of Chemistry, 
University of California, 

Berkeley,California 94720 

The Reaction·· of Tetrasulfur Tetranitride . 

with Sulfu:ric Acid 

Steven A.· Lipp and WilliamL. Jolly-

Abstract 
~ 

The stable products of the reaction of tetrasulfur tetranitride 

with 100% sulfuric acid are sulfur dioxide; sulfC3JIlic acid, bisulfate ion, 

disulfate ion, ammonium ion, and an unidentified. cation which probably 
( 

• contains an S-N bond and which has an intense uv and a complex visible 

absorption spectrum. The approximate stoichiometry of the overall 

reaction has been determined by a combination of analytical techniques. 
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Introduction 
~~ 

The chemistry of tetrasulfur tetranitride (S4N4) dates back to 
. 1 

1835, when Gregory obtained the compound by the reaction of disulfur 

dichloride with ammonia. Since then, many researchers have studied 

this compound and its large family of derivatives.
2 

In this paper, 

we report the results of our study of the reaction of S4N4 with 100% -

sulfuric acid. Two related studies have been described by other workers. 

Goehring and her co-workers3 have reported the preparation of 

sulfur.trioxide adducts of S4N4. Depending on the ratio of reactants, 

either S4N402S03 or S4N4·4S03,can be formed. When excess sulfur 

trioxide is used, the sulfur nitride complex is oxidized to S3N205 

and sulfur dioxide is evolved. Subsequent hydrolysis yields more 

sulfur dioxide as well as ammonia, sulfuric acid and sulfamic acid. 

The hydrolysis of S4N4 in acidic dioxane-water solutions has been 

studied by l'rair and Murthy~. They showed that the principle products 

are ammonium ibn, sulfUr dioxide, hydrogen sulfide, 'and elemental 

sulfur. 

Even before we began our study, it was known that the products of 

the reaction of S4N4 with 100% sulfuric acid were.not just a combination 

of those of the two aforementioned reactions, i.e., the reactions of 

S4N4 with S03 and with aqueous acid.' Several investigators5- 7 have 

reported the formation, in freshly-prepared "solutions" of S4N4 in 

concentrated sulfuTic acid, of a radical which has recently been identL"ed 

+ as S2N2. The purpose of this study was to characterize the stable 

products of. the reaction (i.e., those present after the decay of intermediate 

+ 
species such as S2N2 ) and, if possible, to establish the stoichiometry of the 

overall reaction. 
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In order to systematically investigate the reaction, 100% sulfuric 

acid was used. as the solvent ins~ead of ordinary concentrated (95%) 

sulfuric acid; thus more methods of .analysis were applicable. The 

analytical procedures employed successfully included esr, DInr, 

electrical conductivity, cryoscopy, 'uv-visible spectroscopy, and 

classical chemical analysis. 

~. - The 100$ sulfuric acid (hereafter deSignated as H2S04 

unless otherwise specified) was prepared by mixing Baker and Adamson 

Reagent Grade concentrated H2S04 (95%) and Baker and. Adamson Reagent 

Grade 15% fuming H2S0
4

• The solution was first adjusted to the 

, '. 8 point where fuming just stops by the "fair and foggy" method. 

Exactly 100$ acid was obtained by a readjustment with either slightly 

aqueous or slightly fuming H2S0
4 

until the maXim.um freezing point 

was attained. 9 The method of determining freezing points is explained 

in the section on cryoscopy. 

TheS
4

N4 used was prepared.by the method of Vil~ena-Blanco and 

JOllylO and was recrystallized from benzene until'the melting point reached 

186°. The product was then stored under vacuum until needed. 

The reactions of S4N4 with H2S04 usually were' studied on a standard 

vacuum line. The H2S0
4 

was first degassed, and the S4N4 was slowly 

added from a tipping side-arm. In order to prevent local heating by tr.e 

exothermic reaction, the solution was stirred magnetically and kept 

in an ice bath as long as tl;lere was evidence of rea.ction. In general, 

physical measurements were made using solutions which had been kept 

for several days and which contained a negligible concentration of 

radical species. 

• 

• \ 
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~. - It has been shown by Gillespie and Wasifll that 

very accu+ate determinations of bisulfate ion concentrations in H2S04 
can be achieved by conductivity measurements. The mobility of 

bisulfate ion is so much higher than that of a.~ other species in 

R S04 that the conductance can be considered to be a. measure of just 
2 . 

. 12 
that ion's concentration. 

The conductivity cell was of the basic design of GillesPie. 13 

The solutions were maintained under an atmosphere of dry nitrogen, 

and the cell was placed in a bath thermostatted at 25 ± .005°. The 

measurements were made with an a. c. Wheatstone Bridge using a 1000 cps 

oscillator as the signal source and a Taktronix Type 532 oscilloscope as 

the balance point detector. A balance point to better than 1 ohm in 

2,500 ohms could be obtained. 

The cell was calibrated with Reagent Grade ammonium sulfate. 

A plot of ammonium sulfate concentration versus conductivity was drawn. 

The data of different runs were found to be consistent to better than 

0.'C1o. The concentrations of bisulfate ion in the ~\N4 Ifsolutionslf used 

in this study were determined by measuring the conductivity of the solution 

and by reading the bisulfate ion concentration fro~ the plot. 

~. - The freezing point depression method has been shown by 
·14 

GUlespie et al. to be an accurate method for determining the total 

concentration of all species in H2S04 solutions. 

1 for H2S04 has been shown to be 6.12 kg deg mole-

The cryoscopic constant 

and the freezing , 

point to be 10.3710
• The measurements we~'e performed in a closed systeill 

with an atmosphere of dry nitrogen kept over the solution. The temperature was 

measured with a Hewlett-Packard quartz thermometer placed in a mercury-filled glass 
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well to insure good thermal contact. Stirring was accomplished by 

the up and down motion of a glass spiral attached toa glass-enclosed 

iron rod. 'The stirring motion was effected by aperidically actuated 

magnetic solenoid surrounding the upper tuhe. 

The solution was cooled below the freezing point with a cold 

water bath, and the supercooled solution was seeded by touching 

the outside with a liquid-nitrogen cooled swab. An air jacket was 

placed around the outer tube, which was submerged in a cold bath and 

allowed to warm. . Every seventeen seconds the temperature was automatically 

printed out on a Hewlett-Packard digital printer. All readings were 

recorded to 0.0001°. The temperature was then plotted against time, 

and the melting point was determined as the intercept of the two 

straight segments of the curve. These segments corresponded to the 

temperature regions in which the solution was in contact with solid 

H~S04 and 'in which the sample was completely melted. 

The freezing point of the pure sulfuric acid was found to be 

10.409 ± 0.002°. The quartz thermometer was very accurate for determining 

temperature. differences over a small range, but it was not as precise 

for determining true temperatures. Therefore, the freezing point used 

to calculate the freezing point depression was the one determined in 

this study rather than the reported value of 10.371~. 

The .total number of species in solution was calculated using the 
14' 

formula 

v = e (1 + .002e)/(6.12m ) ~ md/m s s 

where v = total moles of species in solution per mole of solute 

e = freezing point depression (from ideal.u.ridissociated value 

which is 0.245° higher thlfIl the actual freezing point of· pure H2S04) 

.. 

Ii 
I 
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ms = stoichiometric concentration of' solute in mole/kg of' 

solvent 

md = total concentration of' self'-dissociation. species (H20, 

md values were determined f'rom the tables of' Bass, Gillespie and 

b · 14. . - t Ro ~nson ·f'rom the known concentration of HS04 in he solution. 

NMR. - A Varian A-6o spectrometer was used. Signal intensities 
"'"""" 

were .measured using [co(NH3)6]2(S04]3 (which is soluble in H2S04 and 

which gives one moderately sharp peak.) as an internal standard. The 
, . . 

[CO(NH3)6J2fs04]3 was itself compared with purified (NH4)2S04 as a 

check on the accuracy of the method. The results consistently 

showed less than 2% error. 

UV-Visible. - The uv and visible spectra were obtained with a 
~ 

Cary 14 spectrophotometer, using quartz cells. Various path lengths, 

from 0.1 rom to 5 em, were used in order to obtain reasonable absorbances 

in each spectral region. 

~~. - To determine the sign of the charge on the species 

with the intense uv band, an electrolysis cell, containing five compartments 

separated by medium-porosity glass frits, was used. Solvent was placed 
. 

in the four outer compartments, and the solution being studied in the 

center. Ad. c. potential of 15 volts was applied across the cell f'or 

several hours, during which time the cell was kept in a cold water bath 

to prevent decomposition of the solution. By examining the spectra of 

the solutions from the three central compartments, the direction in whi~h 

the species preferentially migrated (and consequently its polarity) was 

determined. 
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Results 
~ 

~. - When S4N4 and H
2

S04 were mixed under vacuum, the evolution 

of sulfur· dioxide (identified by ir and mass spectrometry) began immediatel¥. 

When the solution was kept at room temperature or below, the sulfur 

dioxide was evolved slowly, and, after a few hours or a few days 

(depending on the concentration of S4N4)' the amount of sulfur dioxide 

evolved invariably leveled off at 2.00 ± 0.02 moles.per mole of S4N4. 

The final ratio was the same regardless of the concentration, as long 

acid, NH3S0
3
, on the basis of a mixed melting point and comparison of 

the ir spectrum with that of a commercial sample of NH
3
S0

3
• The total 

amount of sulfamic acid precipitated was determined by Kjeldahl analysis 

. for four "solutions" which were approximately 0.15 m in S4N4. The data, 

after correcting for a small amount of dissolved sulfamic acid, showed 

, 
• 

, 
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A small amount of elemental sulfur was always produced in these 

concentrated "solutions". It had rio appreciable solubility in sulfuric 

acid, and was collected with the sulfamic. acid precipitate. Water 

washings remc-red all the sulfamic acid; the weighed residue corresponded 

to approximately 0.1 mole of sulfur per mole ofS4N4 • 

NMR. -' The nmr spectrum of thesolu-tion left after filtering off 
""""". 

the sulfamic acid consisted of a triplet (6.3 ppm downfield from TMS, 

with a 53-cycle splitting corresponding to ammonium ion. When the 

spectrum was taken shortly after the reaction had begun, the triplet was 

very broa.d. The broadening was due to the presence of the paramagnetic 

species S2N2+ in solution. As this radical decomposed, the nmr lines 

sharpened until they had a width at half height of approximately 4 cps, 

which is almost as sharp as the lines of an ammonium salt dissolved 

in pure sulfuric acid. 

The nmr-determined yields of ammonium ion, expressed as moles of 

NH4 + per mole of S4N4 consumed, are listed as found fO.r solutions 

having the nominal S4N4 molalities indicated in parentheses: 1.20(0.143), 

1. 32( 0.151), 1. 56( 0.153), 1. 45( 0.159), 1. 50( 0.170), 1.43(0.333). There 

appears to be no trend in the data, and the wide variations in the results 

cannot be attributed to experimental error, which is approximately ± 5 %. 

We believe that the observed variation in the results can be attributed 

to a general non-reproducibility of the reaction stoichiometry. Probably 

two or more decomposition reactions take place simultaneously, and 

variations in the rate of each reaction cause measurable shifts in the 

overall s.toi chiometry. 

Conductivity measurements were performed 

on solutions of nominal S4N4 concentrations ranging from 0.012 to 0.16 m. 

For solutions lesst~an 0.02 m the number of moles of free HS0
4
-· in solution 

....... 



-8- UCRL';19E)55 -

per mole ofS
4

N
4 

added ranged from 0~94 to 1.00. Upon going to higher 
- -, 

concentrati~ns the relative yield of HS04- decreased quite markedly. At 

the highest concentration studied (0.153'm), themole ratio was 0.53, 

with intermediate concentrations showing a consistent trend in the 

ratio. 

It was shown that the HS0
4
-/S

4
N4 ratios could'be shifted by simply 

diluting the solution, once formed, with sulfuric acid. For example, 

by dilution from 0.151 to 0.036 m,the HS0
4
-/S4N4 ratio was shifted 

from 0.527 to 0.916. These data indicate that the shift in the HS04-/S4N4 

ratio with change in the nominal S4N4 concentration is due to a shift 

in some concentration-dependent equilibrium involving bisulfate ion, 

rather than-to a change in the stoichiometry of the overall reaction. 

For some of the solutions, cryoscopic and conductivity measurements 

were performed simultaneously. - The data are present'ed in Table I. 

As might be expected, changes in the nominal S4N4 concentration affected 

the total number of species per S4N4 in qualitatively the same way 

as they affected the HS04-/S4N4 ratio. It should be noted, however, 

that the former changes are much greater than the latter. 

TheHS0
4
-/S

4
N
4 

ratio of about 0.5 at nominalS
4

N
4

concentrations 
- , + 

around 0.15 m is considerably smaller than the corresponding NH4 /S4N4 

ratio of approximately 1.4. Clearly an additional anion must be present 

in solution to balance the charge of the ammonium ion, not to mention 

any additional positively charged species that might be present. This 

anion must be the conjugate base of an acid as strong as, if not 

stronger than, H2S04 • The most likely candidate, noting the stoichiometric 

restrictions, is HS
2
0

7
-, the conjugate base of disulfuric acid (H2S20

7
). 

If HS20
7
-were present, it would exist in equilibrium with HS0

4
-, and 

upon addition of water to the solution it would be expected to react as 

follows. 

, 
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Table I.· 

Conductivity and Cryoscopy Results 

Nominal S4N4 Total number of 
Concentration HS04-/S4N4 species per S4N4 (molal) 

0.1530 0·529 4.38 

0.1512 0·527 ·4.33 

0.1434 0·533 4.38 

0.0519 0.738 4·97 

0.0501 0.744 4·94 

0.0482 0.782 4.85 

.0.0260 0·916 5·10 

0.0257 0.870 5·20 

When water (in the form of concentrated H2S04) was gradually added 

to solutions of S4N4in H2S04, the melting point of the solutions rose 

rather sharply, leveled off at a maximum, and then decreased upon further 

addition of water. A plot of melting point ~. added water for one of 

these "titrations" is shown in Figure 1. In this case the maximum 

melting point corresponded to 1.3 moles of water added per mole of S4N4 

initially used. The solution used for the titration was 10.67 ~ (moles 

of water per liter of solution ). 
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The shape of the titration curve can be explained by the presence 

of disulfuricacid (H2S
2
0
7
) in equilibrium with its conjugate base 

, , ( )' 14 according to equilibrium expression A • 

(A) H S ° ~, H+ S ° -2 27 + H 2 7 

If a significant amount of H2S20
7 

were present the melting point would 

rise upon adding water because of the net decrease in species as disulfuric 

acid and w-a:ter reacted to form solvent sulfuric ,acid. 

Assumi~ that there is no ion pairing in these solutions, and 

using the measured values of the HS04-concentl'ation at two different 

dilutions, it is possible to calculate the concentrations of all the 

self-dissociation species. The four independentequilibria14 are given 

below: 

'(A) 

(:8) 

(c) 

(D) 

It is then possible to calculate the net change in each of these,species 

upon subsequent additions of water and thus to determine a theoretical 

titration curve. We made only two assumptions in these calculations. 

First, that there is no ion pairing,and second, that only the four 

equilibria (A, B, C, and D) are involved. 

• 

t 
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The dotted line in Figure 1 is the titration curve calculated 

using the equi1ibrimn constant values of Gillespie and Robinson
16 

(KA = 1.4 X 10-2 mole/kg, KE = 1 mole/kg, KC = 3.5 X 10-5 mo1e2/kg2, 

-4 2/ 2) . KD = 1·7X 10 mole kg • Obviously when these constants are used, 

there is a very poor fit to the experimental points. Also, the 

calculated value of the disulfate ion yield is too low to maintain charge 

neutrality. (The calculated species yields are HS20
7
-/S

4
N4 = 0.494; . 

H2S207/S4N4 = 0.080; HS04-/S4N4 = 0.491.) 

In view of the complexity of the solutions and their high ionic 

strength, it is reasonable to assmne that the applicable equilibrium 

constants for reactions A-D would be considerably different from those 

reported by Gillespie et a1. By adjusting the values of these constants, 

it was possible to obtain the good fit shown by the solid curve in 

Figure 1. This curve corresponds to the following constants and 

yields: K = 3 X 10-3 ; ~ = 4 X 10-3 ; K = 1 X 10-5 ; ~ = 3.5 X 10-5 ; A -~ C -~ 

HSO~P7-/S4N4 = 1.60; H2S207/S4N4 = 0·30; HS04-/S4N4 = 0.40. It is 

disturbing that the adjusted value of KE is of an entirely different order 

of magnitude from that of Gillespie et ale However the moderately 

good fit shown by the dashed curve in Figure 1 corresponds to constants 

which are considerably closer to the Gillespie constants. The dashed 

curve corresponds to the following constants and yields: 

-3 1:0-4. -4-KA =7 X10 ; KE=0.2;KC =2x ,Ku=1.7 XIO ; HS20
7 

=1.303; 

H2S207/S4N4 = 0.311; HS04-/S4N4 = 0.665. It should be noted that the 

calculated yields of HS20
7
-, H2S

2
0

7
, and HS0

4
- changed Significantly 

on going from the constants for the solid curve to those for the dashed 

curve. We shall accept the yields corresponding to the solid curve, 

but with the realization that they are very uncertain. 

II 



-12- UCRL-19655 

In order to determine the importance of ion pairing effects, we 

determined the melting point of a 0.25 m ammonium sulfate solution in sulfuric 

acid (0.50 m ammonium bisuJ.,fate). The result corresponded to 3.99 species 

per mole of ammonium sulfate. Thus, to the limits of the technique 

employed, there was no ion pairing by the ammonium and bisulfate ions. 

~~. - The analyses for sulfamic acid 

(1.49 NH
3

S0
3
/S

4
N
4

) and for ammonium ion (1.2-1.6 NH4+/S
4

N
4

) account for 

2.7 - 3.1 nitrogen atoms per S4N4.Thus 0·9 -L3ilitrogen atoms· 

per S4N4·are unaccounted for and are presumably present in the form of 

one or more as yet Unidentified species. In the hope cif obtaining 

information about such species, optical spectroscopic investigations 

were initiated. 

Immediately after mixing S4N4 with sulfuric acid, a rather complex 
o . 

spectrum is observed: a broad peak at 4560 A,a multiplet centered 
o 0 . 

around 4000 A, an intense absorption at 3260 A, and an extremely intense 

absorption at 2140 1. The peaks at 4560 A and 3260 A decay rapidly 

according to first-order rate laws with half lives of 22 and 40 minutes, 
o 0 

respectively. As the peak at 3260·A decays, a shoulder at 3510 A becomes 

apparent, and then the latter peak decays by first-order kinetics with a half-

life of 48 hours. These absorptions always show first-order decay; however, 

I 
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the half-times vary with the reaction condition. When the sample is not 

continuously evacuated to remove all evolved sulfur dioxide, the half-

lives are those reported. However, when evacuated~ the bands decay much 

more rapidly. 

The effect of sulfur dioxide in the reactions has not been investigated, 

and the exact·· nature of the species corresponding to the transient 

absorption bands has not been determined. The spectrum remaining after 

four days of pumping on a sample is shown in the upper part of Figure E. 

The multiplet in the visible region and the single peak in the uv region 

always appear together in the same intensity ratio and show no further 

change on standing. Assuming that the absorptions corresponds to one 

species per S4N4 the. maximum extinction coefficients in the visible and 

8 -1 -1 . 
uv are 5 and 27,000 1 mole cm', respectively. 

The stable spectrum apparently does not correspond to any known 

species. Indeed, the splitting of the visible band is quite unexpected 

in such a0 i gh1y polar and highly hyo.rogen-bonding solvent as sulfuric 

acid. Generally the greater orientation of solvent molecules in highly 

polar solvents tends to obscure vibrational fine structure. 17 However, 

the spectrum of nitrous acid in aqueous sulfuric acid, shown in the lower 

part of Figure 2, shows some resemblances. The multiplet and the intense 

+ singlet have been assigned to HONO and NO respectively. By adjusting 

the sulfuric acid concentration, the relative concentrations of these two 

.species can be altered by shifting the following equilibrium:
18 

+ + 
HONO + H ~. NO + H20 

At sulfuric acid concentrations above 70%, essentially all of the nitrous 

+ acid is converted to NO. The splitting between the two lowest-energy 
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-1 
peaks of the HONO spectrum is 1015 cm - a frequency which is close 

to the vibrational frequency of free NO, 1. e., 958 CIll-
l

•19 The splitting 

between the two lowest-energy peaks in the solution under study is 

580 cm-l • This corresponds rather closely to the vibration frequency 

. -1 20 
of free Nfl, 1. e., 610 cm • This analogy suggests' that the species 

under study contains an NStermina1 group. 

+ 'If the spectrum is due to sulfur analogs of HONO and NO, such as HONS 

+ ~~ 
and NS , the 1atterAwould be expected to shift their relative concentrations 

upon changing the sulfuric acid concentration. When the sulfuric acid 

strength was varied from 95% sulfuric acid to 15% fuming sulfuric acid 

there was only a 5% shift in the relative absorptions. Over this range 

both the water activity and hydrogen ion activity change by several orders 

of magnitude
2

\ and the relative intensities would be expected to reflect 

this change. The small observed shift probably was caused by a change 

in the extinction coefficient on altering the properties of the solvent. 

When a twenty-fold excess of ammohium sulfate was added to the solution 

in 100% sulfuric acid, the ratio of the two absorptions changed only by 

a few percent. This result again coUld be accounted for by a change 

in the nature of the solvent. 

Upon adjusting the temperature of the cell compartment from 5° to 40°, 
r 

a change in the peak intensities would be observed if the visible and 

uv peaks were due to two species in equilibrium and if they had a non-zero 

heat of conversion. We found essentially no shift in the relative peak 

° heights ov~r this temperature range. Thus, the two absorptions at 2140 A 

° and 4000 A appear to be due to a single species in solution. 
I 
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In order to permit comparison of the spectrum with that of a compound 

known to have a terminal SN group, the gas-phase electronic spectrum of 

NSCl was obtained. Solid S3N3C13 exists in equilibrium with the gaseous 

monomer NSC1. S3N3C13 was prepared according to the method of Schr8der 

·22 and Glemser . by the reaction of C12 with S4N4 • The produce was re-

crystallized twice from ~C14 and gave a sharp melting point ~t 89° 

(literature 91°,23 98°24). A sample was transferred to a 2-cm quartz 

absorption ce~L equipped with a ball joint. The cell was attached to a 

standard vacuum line, evacuated, and then sealed off. At room temperature (23°) 

° the vapor spectrum consisted of only one very strong peak at 2140 A. The 

intensity of the absorption increased with time until the equilibrium 

vapor pressure was reached, at which time the peak was well off scale 

on the Cary 14 spectrophotometer. At 5° the peak absorbance stabilized 

at 2.33, and its extinction coefficient was calculated (using Patton 

24 and Jolly's vapor pressure data ) to be 11,300. As the temperature 

was raised, many sharp, weak absorptions appeared in the range 3600-4900 A. 
At 60° at least 50 distinct absorptions with recurrent'splittings could 

be seen. 

A gas phase sample might be expected to show many more vibrational 

splittings than a species in solution. 17 The fact that the unknown 

sulfuric acid solution and NSCl vapor both have an intense absorption 

peak at the same wavelength in the uv and a complex multiplet in the visible 

supports the idea that the unknown species in sulfuric acid contains an 

SN terminal group. 
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'. . . 

~~. - A solution of S4N4 in sulfuric acid was placed 

in the central compartment of a five-compartment transference cell for 

a determihation of the polarity of the species exhibiting the spectrum 

of Figure 9. Fifteen volts d. c. was applied for two hours with the 

cell in a .10° bath. The solutions from each compartment were then 

examined by uv ... visible spectroscopy. The species was found to migrate 

to the cathode (negative electrode), and the ~elativeintensities of 

the absorptions remained the same. This result established that the species 

is positively charged. 

~.~. - Attempts were made to precipitate the cationic 

species as a salt by saturating the solution with salts of suitable anions. 

Solutions ~aturated with salts of HS04 -, HS20
7 
-, and B(HS04)4 - were 

added to concentrated S4N4 solutions, but in no case was any salt 

precipitated. 

Attempts were made to precipitate the species by lowering the dielectric 

strength of the solvent. Sulfuryl chloride (SOC12) ~nd nitrC£methane (CH
3

N0
2

) 

are both non-electrolytes, but up to their solubility limits there was 

no sign of precipitation. 

Discussion 
~ 

The analytical data can be summarized in the form of the following 

equation for the net reaction of S4N4 with sulfuric acid. 

') 

• 
", 
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The last species in the equation was empirica~ formulated to balance 

the atoms and charges. In view of the uncertainties in the analytical 

data, particularly in the yields of HS20
7
- and H2S20i' the formula of 

this species has practically no significance. We do know that an 

unidentified cationic species, probably containing at least one 

SN linkage, is formed in high yield. (If less than 0.5 mole of this 

species forms per mole of S4N4' itsuv molar extinction coefficient 

. -1-1 
exceeds 54,000 1 mole em - a value which is unusually high.) 

Clearly the reaction of S4N4 with sulfuric acid cannot be said to 

be understood until this important species is identified. 

~. This work was supported by the U. S. Atomic 

Energy Commission. 
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Figure 1. Cryoscopic "titration" of 0.15 m S4N4 in H2S04 with water 

. (added as conc. H2S04). See text for sign£ficance of curves. 
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0.8 UNKNOWN SPECIES IN 

S4N4 SOLUTION 

. 0 

WAVELENGTH. A 
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Figure 2. Uv and visible spectra of H
2

S0
4 

solutions. Upper: 0.002 M 

S4N4 in 100% H2S04(uv spectrum taken in 0.013-cm. cell; visible 

spectrum taken in 5.00-cm cell). Lower: 0.004 ~ NaN02 in H
2

S0
4 

(uv spectrum taken in 0.050-cm cell in 71% H2S04 ; visible spectrum 

taken in 5.00-cm. cell in 44% H2S04). 
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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