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The Reaction of Tetrasulfur Tetranitride

with Sulfuric Acid

Steven A. Lipp and William L. Jolly -

.. Abstract

P

The stable products.of the reaction of tetraeulfur tetranitride

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

disulfatenidn, 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 stoichiomet?y ef the overall

reaction has been determined by a:combinatien of aﬁélytical techniques.
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zgtroduction

The chemistry of tetrasulfur tetranitride (S th) datesvback‘to
1835, when Gregory1 obtalned the compound by the reaction of disulfur
dlchlorlde w1th ammonia. Slnce then, many researchers have studied

this compound and its large family of derivatives. In this paper,

bwe-report the results'of‘our study of the reaction of ShNh with 100% -

sulfuric aCid. Two related studies have been descrlbed by other workers.
| Goehring and her co--workers3 have reported the preparatlon of
sulfur trioxide adducts of Sh L Depending on the ratio of reactants,
either Sh y* QSO or Sh ), hSO .can be formed. When excess sulfur
trlox1de is used, the sulfur nitride complex is ox1dlzed to 83 5 5
and sulfur d10x1de is evolved. Subsequent hydrolys1s ylelds more

sulfur dlox1de as well as ammonia, sulfurlc acid and sulfamlc acid.

The hydrolys;s of SHNﬁ in acidic dioxane-water solutlons has been‘

studied by Nair and MUrthyg. ‘They showed that the principle products

are ammoniunviOn, sulfur dioxide, hydrogen sulfide, and elemental
sulfur.

Even before we began our study, 1t was known that the products of
the reactlon of Sh 4 with lOO% sulfuric acid were not Jjust a combination

of those of the two aforementloned reactions, 1.e.3fthe reactions of

5-T

ShNﬁ with SO, and with aqueous acid.  Several investigators have

3

reported the formation, in freshly-prepared 'solutions" of ShNL in

concentrated sulfuric acid, of a‘radical'which"haS'recently been identive

as SENé . The purpose of this study,was to characterize the stable

d

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

species Suchvas S ) and, if possible, to establlsh the st01chlometry of the

averall reaction.
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In order to systematically 1nvest1gate the reactlon, 100% sulfuric
acid was used as the solvent instead of ordinary concentrated (95%)
sulfuric acid thus more methods of analys1s were applicable. The |
analytical procedures employed - successfullv 1ncluded esr, nmr,
electrical conduct1v1ty, cryoscopy, uv~v1s1ble spectroscopy, and
class1cal chemlcal analys1s |
| Erperimentali
,Generairv- The 100% sulfuric acid.(hereafterhdesignated as HéSOu
'unless otherWise Specified) was prepared‘by mixing'Baker and Adamson
Reagent Grade concentrated HQSOu (95%) and Baker and Adamson Reagent -
Grade 15%-fum1ng H,SO " The solution was first adgusted to the
point where_fuming just stops by the "fair and foggy" method.8 ,
Exactly iQO%-acid was obtained by a readjustment-uith'either slightly
aqueous'orfsiightly fuming HesOMIuntil thefmakimum:freezing point
 was attainedQ9 The method of determining freezing,points is explained
in the section on cryoscopy | ; : : |
The Sh L used was prepared by the method of Villena-Blanco and |
Jolly and was recrystallized from benzene untllﬂthe melting point reached
186°. The product was then stored under vacuum untll needed.
The reactions of Sh h with H, sou usually were studied on a standardv;
~ Vacuum line.‘ The H SO,4 was f1rst degassed and the Sh ), ¥as slowly
added from:aftipping side-arm. In order to prevent iocal heating by tlre
exothermic reaction, the solution was stirred maénetically and kept
in an lce: bath as long as there was eVidence of reaction. In general,
physical measurements were made using solutions Wthh had been kept
for several days and which contained a negligible concentration of

radical species.

1
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Conductivitx. - It has been shown by Gilles_pi-e:' and Wasifll that
very accurate determinations of b1sulfate ion concentratlons in H SOLl
can be achleved by conduct1v1ty measurements The.moblllty of
blsulfate_ion is so much higher than that of any'other species- in

H.SOh'thatutne conuuetance can be eonsidered to be a measure of just.

that ionﬂs'eoncentration.Jf2 :

The conductivity cell was of the basic design of Gille_spie.l3
The solutions were maintained under an atmosphere_of'ory nitrogen,
and the eeil:uas placed in a bath thermostatted at 25 * .005°. The
measurements were made with an a. ¢ Wheatstone Brldge us1ng a-1000 cps
0801llator as the signal source and a Taktronix Type 532 osc1lloscope as
the balance»p01nt detector. A balance p01nt to better than l ohm in

2,500 ohms could be obtained.

The‘eelliwas calibrated with Reagent Grade srmonium sulfate.

_A plot of ammonium sulfate concentration versus eonductivity was drawn.
The data‘of<different runs‘were found to be consistent to better than
0.2%. The concentrations of bisulfate ion in the Sh y "solutions" used
in this study were determlned by measurlng the conduct1v1ty of the solution

~and by readlng the blsulfate ion concentration from the plot.

Crxoscogx. - The freezing point depression method has been shown by
Gillespie‘EE al;lh to be an accurate method for determining the total
concentration of all species in H SOll solutlons. The cryoscopic constant
for HQSOAL has been shown to be 6.12 kg deg mole l‘and the freezing

point to be 10.371°. The measurements weie performed in a closed system

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

measured w1th 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 motlon of a glass splral attached: to a glass enclosed
iron rod. The stlrrlng motlon was effected by a- perldlcally actuated.
‘magnetic solenoid surroundlng the upper tube. |

The solutlon was cooled below the freez1ng'§oint withfa cold
water-batthand the SUPercooledisolutioh was seeded'hy touching
the outs1de w1th a llquld-nltrogen cooled swab. | An air Jacket was

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

allowed to warm. -Every seventeen seconds the temperature was-automatlcally

printed.oution"a.Hewlett—Packard'digital_printerrfﬂAll readings were
recorded tovb.OOOl°f. The temberature was then plotted against time,
and the melting point was determined as the interceut of the two

straightxseéments of the curve. These segmehtsecorresponded to the
temperaturehregions in_uhich the solution was iﬁ{cohtact withtsolid

HéSOh and{in which the sample was completely melted;v

The free21ng point of the pure sulfuric a01d was found to be

ld{h09 0. 002 . The quartz thermometer was- very accurate for determlnlng

temperature,dlfferences over a-small range, but 1tlwas not as Pprecise
for determihing true temperatures. 'Therefore,'thlereezing point used
to calculate the freezing point depression_wasethe7one determined in
this studyvrather than:the reported value of 10,3715.

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

formulalu_i
v= 6 (1+ .ooee)/(6.12ms) - md/ms
where v = total moles of species in solution per-mole of solute
8 = freezing point depression (from ideal undissociated value

. which is 0.2L45° highervthan the actual freezing point of pure

H'sou)
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'_stoichiometricVCOncentration of solnte‘in‘mole/kg'ofv

n%‘=
~ ° solvent
md ='total concentration of self-dissociation,Species (H2O,
| H3O H, H28207)
my values were determined from the tables of Bass, Glllesple and

Roblnsonlkjfrom the known concentration of HSOu' 1n the solution.

gﬁg.’-ln Varian A—60 spectrometer wasbused : Signal intensities
were measured using [Co(NH )6] [SOu]3 (which is soluble in HQSOI1L and
whlch glves one moderately sharp peak) as an internal standard.. The
[Co(NH )6J [SOLL]3 was itself compared with purlfled (NHh) 50, as a
check onvthe accuracy of the method. The results,consistently
showed less than 2% error. e '

UV-Visible. - The uv and visible spectra mere:ootained with a
Cary lhtspectrophotometer; using quartz cells. Various path lengths,
from O.i‘mm to 5_cm; were used in order to obtaintréasonable absorbances
in each spectral region. | : |

Ionlc Polarltx To determine the sign of the charge on the species
‘ w1th the intense uv band, an electrolysis cell, conta1n1ng five compartments
4separated by medivm-porosity glass frits, was used. Solvent was placed
in the four outer compartments, and the solutlon belng studled in the
center. Aﬂd‘ c. potential of 15 volts was applled across the cell for
-several honrs; during which time the cell was keptuln 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 which
the species preferentially migrated (and consequently its polarity) was

determined.
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vResultsf

General.b- When SMNL and H_ SOl+ wehe mixed under vacuum; the evolution /
~of sulfuisdiekide_(identifled by ir and mass spectrometry) began immediately;
When'theASOlution was kept at room temperature orhbelbw; the sulfur

dioxide was evolved slowly, end} after a few'hours.er a'few days

(depehdiné on the coheentration.ef ShNh), the amount of sulfur dioxide
evolved inﬁariably leveled off at 2.00 t10;02'moles:§er mole of SN .

The final ratio was the Sameiregardless of the cohcehtratibn, as lohg’

as there was sufflclent H, SOu to react with all the Sh )y |

33

When a sample of. §, N, enriched in 5§ to the’ extent of 48. 6% was
o 4y

treatedIWithhsﬁlfuric acid,'mass-spectrometric analysis of the resulting
sulfur'dioxide showed'thet.it came‘combletely from the ShNh' (The
sulfur ratids were'aetermined on a C. E. C.vModel;21;620 mass spectrometer,
and the resﬁlts showed noneviation between the 338/3 S ratlo in the
ShNh and in the resulting sulfur dioxide.) -

In feirl& concentrated solutlons" (above 0. Oi m 5) of N, a flnev
precipitete&formed. The precipitate was 1solated'end shown to be sulfamic
acid, NH3

the ir spectrum with that of a commerc1al sample of NH3SO3. The total

anmunt of sulfamlc acid prec1p1tated was determlned by KJeldahl analysis

SOé, on the basis of a mixed melting point and comparison of

for four solutlons which were approximately O. 15 m in Sh h. The data,
after correctlng for a small amount of dissolved sulfamlc ac1d, showed .

that 1. h9 0.02 moles of NH3SO3 formed per mole,of Sy, -
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A small amount of elemental'sulfur-was always produced in these
cohcentrated;"solutioﬁs"; It had no appreciable seldbility in sulfuric

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

‘weshings‘remcved all the sulfamic'acid§ the weighed fesidue corresponded

to approxlmately 0.1 mole of sulfur per mole of - ShNh |
| QMBE { The nmr spectrum of the solution left after fllterlng off

the sulfamic acid consisted of a trlplet (6 3 ppm downfleld from TMS,
w1th e 53-cycle spllttlng correspondlng»to ammonium ion. When the _
spectrum1Was taken sheftly after the reaction hed_begun, the triplet was
vefy broad; fThe broadeninngas due to the preseﬁcefdf the paramagnetic
sﬁecies Séﬂéf in 301utiop. As this fadical‘decempeeed, the nmr lines
sharpened until they had a width at half height_oﬁ approXimately_h'cps,
which is almost as sharp'as the. lines of an ammeniﬁﬁ salt dissolved
in pure.sulfﬁric acid. |

The-hm?-determined yielde of ammonium ion,:eﬁbressed as moles of
NHh+ per mqlevof ShNh consumed, are listed as.fou#dffer solutions
having the homina; 5, 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:vefiations in the results
cannot bevaftributed to experimental error, whieh.is approximately + 5 q,
We believe ﬁhat the ebserQed variation in the results can be attributed
to a generai non—reproducibility of the reection steichiometry; Probably -
twovor moreedecOmposition reactiens take plaee eiﬁQltaneously, and
variatione in the rate of each reactipn cause meaeﬁrable.shifts‘in the
overall sﬁoichiometry.

Cdnduetivitx and Cryoscopy. - ConductivityAmeasurements were perfermed.
on solutions of nominal SlL y concentrations ranglng from 0.012 to 0.16 m.

For solutlons less than 0.02 m the number of moles of free HSOh » 1n solution
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per mole of Sh L added ranged from O. 9h to 1. OO. Upon going to hlgher

' concentratlons the relatlve yield of HSOu decreased quite markedly At
the hlghest concentratlon studled (0.153 m), the mole ratlo was 0.53,
with internediate'concentretions showing a consistent trend in ﬁhe
.fatio.".r _ | _ _ |

It was shown that the HSOu /S Nﬁ ratios could be shifted by simply
diluting the solutlon, once - formed, with sulfurlc a01d. For exampleJ
by dllutlonv_ from o_.151 to o.o36 m,the HSO, /Sb'Nh ra.tlo was shifted
from'O 527-55'0 916 These data indicate that the shlft in the HSOu /SMN
ratio with- change in the nominal ShNﬁ concentration is due to a shlft
in some conoentratlon—dependent equlllbrlum involv;ng bisulfate ion,
rather thenito a changevin the stoichiometfj of ﬁne overall reaction.

ForfSOme of the solutions; cryoscopic and condncﬁivity measurements
were performedVsimultaneously."The data are presenﬁed in Table I.

As might'be.ekpected,'cnenges’in the nominai Suthconcentration affected |
the totei'nnnber of species per ShN; in qualitativeiy the same way

as they affected the HSOH_/ShNh ratio. It should be noted, however,

that the fofﬁer changes are much greater than the iatter.

The HSO /Sh M ratio of about O 5 at nomlnal Sh M concentratlons
around 0.15 m is cons1derably smaller than the correspondlng NHL /Sh M
ratio of_approx;mately 1.&, Clearly an addltlonal anlon must be present
in SOintion to balance thevcherge of the ammoniun'ion, not to mention‘
any additional positively chafged speciee that night‘be present. This
anion.muStvoe the conjugate base of an acid as stroné as, if not
strongernfnan, HQSOh. The most likely eandidate; noting the stoichiometric
the conjugate base of dlsulfurlc acid (H

restrictions, is H82 77 2”0 7)

If HS207 were present, it would exist in equlllbrlum with HSOM , and

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

o

| fOllOWS .

'



-9- S UCRL-19655

Table I.

Conductivity and Cryoscopy Resuj,ts _

Nominal 8Ny Totai ~number of

Copgizzizziéé . Hsoh'/sumh‘ SP¢¢1§S per 5,1,
h-6.153o - 0.529 | o L4.38
0a512 0.527 | : :~_<u.33

0.1434% 0.533 - 438
_0;0519 oo b7
0.0501  0.7hk | -1:  4;9u,
Co.ok82  o.82 ’  r:~h.85
50.026ov N - 0.916 .”:‘j5.10
"79;0257 _' 0.870 _  tl.f-5.2o

HS0," + HO = H,SO0,, + HSC4- ‘

'ther.l water. (in the form of concentrated HESOH) was gradually added :
to soluti_ohs bf SLLN)-}- in H-QSOM_, the melting point of the solutions rose
rather ._sharply? leveled off at a maximum, and then decreased upon further
addition _vawa.,ter. A plot of melting point vs. | added wa.tér for one of
these "‘t"it.rations" is shown in Figure 1. In this -case the maximum
melting point corresponded to 1.3 moles of waté'r.. adgled per mole Qf‘ ShNh‘
initially used. The solution used for the titrétioh was 10.67 Mb (moles

of water‘pe_r liter of solution ).
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The shape of the titration curve can be explalned by the presence
of dlsulfurlc acid (H S 0_.) in equlllbrlum w1th 1ts conaugate base

_ 22 7
accordingjto equilibrlum express1on (A).lLL

A » -+ -
N ( ) | 1{23207 <_._H + HS,0,

CIf a siéﬁificanﬁ amount ef H28207 were present the meltlng point would
rise upon addlng water because of the net decrease in SpeCl°S as dlsulfurlc
acid and water reacted to form_solvent sulfurlc‘acid.

Assuming that there is no ioanairing'in‘these solutioes,.and
using the'ﬁeasured valuee of the HSOuf_concentratieﬂ at two different.
dilutions, it'is poseible.tb calculate the conceﬁtrafions of all the
self-diéeeciatien species. The four independené'equilibrialh afe given,

below:

Ay SO
@) HS.0, T B + HS,0

(B)  HQO + HS0, T H ot + HS0,~

2" 3

B o : p e -

(C) | 2H,S0, T HO' + HS0,
. o + -
. ._.(D) | _Hesoh T=H + HS0),

4

It is fhen'pessible to calculate the net change’in eech of these species
upon sdbeequent additions.of‘water-and thus.to_determine a theoretical
titratidn curve. We made only two assumptions ih‘these calculatione.'
First, that there is no ion pairing; and second,vtﬁat only theefour

'equilibriér(A, B, C, and D) are involved.
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Thé;dotted line in Figure 1 is the titrétion_curve calculated

‘using the equilibrium constant values of Gillespie and Robinson

-5

(k, = 1.k X 1072 mole/kg, Ky =1 mole/kg, Kq = 3.5 X 10 mole?/kgz,

A
N

Ky = 1.7 X'lo- moleg/kge).v Obviously when these ébnstants_are used,

vthere is a very poor fit to the experlmental points. Also; the

calculated value of the dlsulfate ion yleld is too low to malntaln charge
neutrality,' (The calculate@ specigs yields are H8207 /ShNﬁ = 0.494;

5,0 /s ), = 0.080; HSOu-/SuNL = 0.491.) |

In’vlew of the complexity of the sdlﬁtioné.énd their high ionic
strength;’it'is‘réasonablé'to'assume that the appiicable'equilibriuﬁ,
cdnstants.fér reactions A-D would be considerabiy'd;fferent frém those .
reported by'Gillespie et al. By adjusting fhe Yaiues of these constants,
it was possible to obtain the good fit shownlﬁy the solid curve in
Figure 1. :fhis éurve corresponds to the followingvconstants and
K = 1X 12075 K = 3.5 X 107
HS0,0 /su ), 1.60; H,S 07/ShN o.3o;f Hsouf/suyu = 0.40. It is

yields: K, = 3 X 1073; Ky =4 x 1073

dlsturblng that the adjusted value of KB is of an entiiely different order
of magnitude from that of Gillespie et al. However the moderately

good fit Shown by the dashed curve in Figureli_ébrresponds to constants

" which éfé-donsiderably‘closer to the Gillespie‘éonstants. The dashed

curve coffesponds to the following constants and yields:

= 7X 1073, -k 1.7% 107%,

Ky =0.2; K, =2x10; Kj=217X10 H8207- = 1.303;

8,0 /su ), = O 311; Hsou‘/suNh = 0.665. It shqﬁld be noted that the

KA

calculated yields of HS,0,", H,8.0,, and Hsoh"changed significantly
on going from the constants for the solid curve to those for the dashed
curve. We shall accept the yields corresponding fo the solid curve,

but with the realization that they are very uncertain.
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inierder to determine'ﬁhe'impoftance of ion §éiiing effecﬁs;‘we
determined fhe melting point of a 0.25 m 'ann'non.il.l‘m‘_» sulfate solution in sulfuric
acid (O 50 m ammonium blsulfate) The result cerresponded to 3.99 species
per mole of  ammonium sulfate. Thus, to the limifS'bf the teehnique 2
employed, there was no ion pairing by the ammonlum and blsulfate ions. : ;,c
UV-VlSlble Sgectroscogx. - The analyses for sulfamlc acid

3
2.7 - 3 l nltrogen atoms per Sh L Thus O. 9 - l 3 nltrogen atoms

(1.9 NH SO3/Sh 4) and for ammonium ion (1.2-1. 6 NHM /Sh h) account for

per Sh h “are unaccounted for and are presumably present in the form of
_one or more as yet,unldentlfled species. In theahope of obtainlng
informaﬁion about such'speeies, opticsl speetroscebic investigations

were iﬁiﬁiated.. » |

immedietely after mixing 8N, with sulfurie‘écid, a rather comple#

spectrﬁmvis observed: a broad peak at h560 Z,-e multiplet centered
around_hOOOezjban intense absorption at 3260 K,esnd an extremely intense
absorption at 2140 A. The peaks at 4560 A and 3260 A deeay rapidly
'accordlng to first-order rate laws with half llves of 22 and L0 minutes,
respectlvely. As the_peak at 3260-A decays, a shoulder at 3510 A becomes'
apparenﬂ,‘end then the latter peakidecays by flrst-order klnetlcs Wlth a half-

life of 48 hours. These absorptions always show first-order decay; however,
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the_half-times vary with_the reaction condition..'When the sample is not
= continuousi&_evacuated to remove.all evolved snlfur"dioxide,'the half-
lives'ere.those repcrted.” However, when evacnated} tneAbands decay mnch
more rapldly | |

The effect of sulfur dioxide in the reactlons has not been 1nvest1gated
and the exact nature of the specles correspondlng to the transient |
'absorptlon bands has not been determined. The spectrum remalnlng after.
four days of pumplng on a sample is shown in the upper part of Figure 2.
The multlplet in the visible region and the s1ngle peak in the uv reglon
~always appear tOgether in the same intensity ratio.end show no further
change'onjétending. fAssuming that the absorptions ccrresponds to one
' species pergSuNh the,meximum'extinction coefficiente in the visible and
uv are 58 and 27,000 l mole ™t cm-l, respectively.ﬁ,

The stable spectrum apparently does not correspond to any known
species. Indeed the splittlng of the visible band is quite unexpected
in such a hlgh y polar and highly hydrogen-bondlng solvent as sulfuric
~acid. Generally the greater orlentatlon of‘solvent molecules in highly

17

polar solrents tends to obscure'vibrationel finebstrncture} . However,
the spectrum of nitrcus acid in aqnecus sulfuric_acid,'shonn'in'the iower
_ part . of Fignre 2,‘shows'some reseﬁblances. The multiplet and the intense
singletuherevbeen assigned to HONO and N'O+ respectively. By adjusting

the sulfuric acid concentration, the relative concentrations of these two

.species can be altered by shifting the following -equilibrium:l
+ +
HONO + H <X NO + H0

At sulfuric acid concentrations above T70%, essentially all of the nitrous

. +. . i
acid is converted to NO . The splitting between the two lowest-energy
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'peaks of the HONO spectrum is 1015 cm -1 - a frequency whlch is close o
to the v1brat10nal frequency of free No, i. e., 958 cm l. 9 The spllttlng
between the two lowest-energy peaks in the solutlon under study 1s‘
. 580‘cm %ﬁ. This correspomk;rather closely to the v1brat10n frequency
of free ﬁS, i.e., 610 cm-l.go This ‘analogy suggests that the spec1es o o
under study contalns an NS termlnal group. ‘
| If the’ spectrum is due to sulfur analogs of HONO. and NO, such as HONS v
ApeLsns
and NS the latterﬁwould be expected to shift thelr relatlve concentratlons
upon changing the sulfuric ac1d concentratlon.__When the sulfuric acid
strengthﬁnasrvaried from 95% sulfuric acid to lB%?fuming sulfuric acid
there waS'only a 5% shift in the relativetabsorptlons. :Over-this.range:l
both the Water activity and hydrogen ion activit& change by several orders
of magnitudegl, and the relatlve intens1t1es would be expected to reflect
this change. The small observed shift probably was caused by a change
in the extlnctlon coefflclent on altering the propertles of the solvent.
When avtwenty—fold excess of ‘anmonium sulfate was added to the solution
in lOO%isulfuric 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 ofvthe solvent. | | -
Upon-adjusting the temperature of the cell:compartment from 5° to 40°,
a change in the peak intensities would be observed if the visible and
uv peaks were due to two species in equlllbrlum and if they had a non-zero
heat of,convers1on., We found essentlally no shift in the relatlve peak - Y

heights over thisbtemperature range. Thus, the,two absorptions at 2140 A

e :
and 4000 A appear to be due to a single species in solution.
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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 electronlc spectrum of

NSC1 was obtalned Solid S_N Cl exists in equlllbrlum with the gaseous

33 3
monomer NSCl.. S3N3Cl3 was prepared accordlng to the method of Schr&der
and Glemser?z by the reaction of Cl2 with Sl+ )y 'The produce was re-

crystallized twice from CCl, and gave a sharp melting point at 89°

(1iteraturef9l°,23 98°2u). A sample was transferred to a 2-cm quartz

~ absorption cell 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. Tne
intens1tytof the absorptlon increased with time untll the equlllbrlum

vapor préésure was reached, at which time the peak_was well off scale‘

on tﬁevCaryvlﬁ spectrophotoneter;' At 55 the peak absorbance stabilized

at 2.33;:and_its extinction coefficient was calcniated (using Patton

and Jolly‘sfvapor pressure dataeu) to be 11,300. As the temperature

. was raised, many sharp, weak absorptions appeared in the range 3600}&900 R.

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

17 The fact that the unknown

splittings than a species in solution.
sulfurlc ac1d solutlon and NSC1 vapor both have an 1ntense absorption
peak at the same wavelength in the uv and a complex multlplet 1n the v1s1ble

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

SN terminal group.
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'EggigvPoiefitx. - A,selution'efeshﬁh in sulfufie;ecid wesdplaced
in the centrel compartment of a five;compartmentftfanéference cell for
a determlnatlon of the polarlty of the species exhlbltlng the spectrum
of Figure‘9 Flfteen volts d. c. was applied for two ‘hours with the
cell in a‘1§°tbath._ The solutlons from each compartment were then . o)
examined njduv;visible sﬁectrescopy.' The-species ﬁés found to‘migrate'u
to the cathode (negatlve electrode), and the relative intensities of
the absorptlons remained the same Thls result established that the spe01es
is pritivelyieharged{ |

_ IsolatidnjAttemEts..- Attempts were made to precipitate the cationic

species asva ealt by eaturating the solution with.salts of suitable anions.
Solutlons saturated with salts of HSOh , HS O7 , “and B(HSOh)h were |
added to concentrated ShNﬁ solutlons, but in no case was any salt |
prec1p1tated. |

Attempts were made to precipltate the spe01es by 1ower1ng the dlelectrlc
strength of the solvent. Sulfuryl chloride (SOCl ) and nltro&methane (CH NOQ)

are both nonfelectrolytes,-but up to their solublllty limits there was

v s pamtren e *

no sign of precipitation.

Discussion

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

equation for the net reaction of § N, with sulfuric acid. - o o

S#Nhnf 6.8 HQSOMV»'E.O SOEv+ 1.5 NH3SO3 f l.5 NHh

+

8

+ 1.6‘1‘13207 + 0.4 HSO, = + 0.3 H28207 + 0.1 8 + o 5 8¢,
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The iastrépeéies in the equétion wasvempirically formulated to balance

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

data, partlcularly in the- ylelds of HS0_~ - and H_S,0;, the formula of

2 7 2"2 7’
this species_has practically no significance. We do know that an
ﬁnidentified.cationic speciés, probably coﬁtalnlng at least one
SN linkage;'is formed in high yield. (If less thén 0.5 mole of this
species forms per mole of ShNh’ its uv molar extlnctlon coeff1c1ent
exceeds 5h 000 1 mole l-c:m-l - a value which is unusually high.)

Clearly the reaction of 34 h with sulfuric acid cannot be sald to

be understood until thls 1mportant species is 1dent1f1ed.
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‘Figure 1. Cryoscopic "titration" of 0.15 m 5,1, in:HéSOu with water

';(added as cone. Hésou);‘ See text for significance of curveé. :
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igure 2. Uv gnd visible spectra of HESOu solut10n§, .Ugger. 0.0QE‘g
‘SMNM in 100% HESOh(uv spectrum taken in O,Ql3-cm cell; visible .
spectrum taken in 5.00-cm cell). Lower: 0.004 M NaNO, in H_SO,
‘(uv spectrum taken in 0.050-cm cell in 71% HQSOu; visible spectrum

taken in 5.00-cm cell in 4% Hesoh)‘
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process disclosed in this report.
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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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