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THE AESQORPTION SFRECITULL OF UITDRYL CIILORIDE
ATNTRYINES

The absorption spectrum of nitryl chloride, N0,CL, has been
invesbigated photopraphically in the visible and uitraviolel regions
with a Cenco replica grating specirograph., A continuum was found
which extends from 33004 tc & recion beyond the 22004 1imit of the
apparatus, o band structure vas cbserved., This strongly indicates
thiat, while lhe cromd state potential funcltion possesses a minimum,
that of the excited state does not.

The absecrption cocfficients from 30004 to Z2200A have been
measured using a DBeclman Model DU spectrophotoncter adapted Lo a
recording instrument, The absorption was found to follow the FHeer-
Lambert Law, OSample values for the absorption coefficients are 1.32
at 30004, 7.0y at 25004, and 15.0 at 23004, in units of atm™ten™t at
360°K. A nlot was made of the absorntion coefficient vs wavelength,
and lthe repidity with which the coefficient is rising with decreasing
wavelength indicates that the masimum lies beyond the 22004 limit of
the eduipment,

The infrared absorption snectrum has been measured throughout
the range of lulSP, using a beckian Yodel IR-2 spectrovhotometer,
Eight comparatively strony bands were found, with indications that a
ninth lay just bevond the lSP limit of the instrument.

It is assumed that 110,C1 1s an asymmetric top molecule of

symetry Cnpye  Such a molecule possesses sin fundamental vibrations,



all active in the infrared. Three of these yield type A bands, two
vield type B bands, and one yields type C bands. Only one tyne B band
was found and it was assumed that the other band lay just oulside the
range of the instrument,

Pundamental frequency assicnments have been made on this basis

as follows:

v, 1322 em~t .56 1 Type &
v, 1170 8,55 Type A
Vs 798 12,51 Type A
Va 1695 5,90 Type B
Vs (643) (15.5) Type I
Ve 733 13.65 Type C

This assignment is consistent with the envelopes expected for

a planar molecule with rescnalting structures:

o thermodynamic data were found for M0,Cl. The following
constants have been approximated from spectrum analysis and statistical

theory for 300, 500, and 1000°K,, and a pressure of one atmosphere:



300°K. 500°K. 1000°K.,

ge 63.3 6946 80.5 cal./deg.mol.
Cy 8.7 11.9 15,7 cal./deg.mol,
B°-EJ 2000 5100 13,200 cal./mol.



IHTRODICTLION

Spectrographic investigations in the Scheol of Chemistiry are

concernad, in part, with the class of molecules containing the grouping

where Q is any atom capable of forming such a grouping, such as H, C,
5, Cl, etc.

Nitryl chloride was chosen for invesitlgation since it {alls into
the above classification, and since no mention of its spectrum can be
found in the chemical literalure.

In addition, 10,0l contains a large percentage of oxygen, is a
powerful oxidizing agent, quite stable at 100°C., and, with its boiling
point of =16°C., might well find usarce as an oxidizing agent in rocket
propellants,

Although a slight amount of information has been reported on
H0,Cl, no themodynamic data were found. If such data were known, the
nature of its various reactions could be determined.

spectrographic data are of great value, since they can be used

to estimate thermodynamic quantities, with high accuracy.



PREPARATICH CF WITRYL CHIORIDE

Little work has been done with nitryl chloride, although several
preparations have been reported in the literature, and some studies
have been made ol its physical properties, liost of these preparations,
however, have features which make the sampie produced unsuitable for
spectrographic investigations.

Kuller,(l) in 1862, produced MO,CLl by the reaction of gaseous HCL
and N0,. This process also produces NOC1 and H;0, which are serious
conbaminants and difficudt to remove,

Hassenbach{2) passed gaseous N0, and Cl, through a heated tube
and isclated a product which was principally HO,Cl, Oxides of nitrozen
interfere because of thelr absorption spectrum and are hard to remove.

Other methods based on standard chlorvination techniques have
been reported. Odev and Vignon(3) reacted cold PClg and 1,043 Zuskine(8)
used PClg and IHl053 and an I. G. Farben patent(9) used HNO5; and C1H3C,.
A1l of these methods also yleld contaminants which are hard to remcve,

Schumacher and Sprenger(5) have reported a methed which appears
satisfactory for the preparation of samples pure enough for spectrographic
work, and it was adopted in this investigation. It consists of the

oxidation of NOCL with concentrated ozone gas to form nitryl chloride:
NGC1 + O3 —=10,CLl + O,

The only impurities are the oxygen and excess ozone, both of which are
easily removed by punping on the sample, cooled to -145°C, Schumacher
prepared HOC1 by the direct reaction of MO and Cl,. A simpler method

has been repcrted by Whittaker,(lo) in which gasecus 10, 1s passed



throuch noist KCL:
230, + KC1 — KiCy + 1CCL,

e preparation of nitryl chloride finally adopted consists of
four steps: preparation and purification of ¥0,, reaction of HQE and
101 to Torm 10CL, the preparation snd -urification of ozone, and the
oxidation of HOCL with ozone to zive N0,Cl, USince the steps are
essentially separate procesces, each will be described separately in
the following sections,

Mitrorsen dioxide was prepared by heating a mixture of 70% G. T.
lead nitrate and 309 clean, dry sand to L50-500°C, The reaction may

be described by the equations:

2Pb (1057, —= 0Oy + 2Pb0 + 4H0,, and

EPbO + SiOE _— Pbgsi04.

The sand forms a natrix vihich reacts with the FoO formed and
prevents the destruetion of the rlass tube containing the mixture.
The apparatus 1s presented schematically in Figure 1, The tube contain-
ing the lead nitrate was made Irom Pyrex tubing and vwas attached to the
condensine system by means of a 10/30 Yno lube" standard taper joint.

The electric heater was made from 2 inch copper pipe, closed a
the boltbtom and wrapped successively with a layer of ashestos paner for
electrical insulation, 17 feet of Llo. 22 nichrome wire, and several
lavers of asbestos paper for thermal insulation, The voltare on the
wiring was controlled by a Variac or Fowerstat, 60 volts being ontinum.

Anyv voltare nmuch higher than this value caused the lead cxide and sand
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to fuse with the Pyvrex tube, and destroyed it,

The condensing cell was fitted vith a 10/3C standard taper joint
on each end so that the lead nitrate tube and the ROCL assembly could
be attached.

The 10, was collected in a trap cooled by a dry ice-acetone
mixbure, and the oxygen was allowed to escape inte the atmosphere
through the soda lime trzp. The 10, produced was relatively dryv and
pure, but was redistilled intc the second trap tc eliminate small
amounts of nitric acid that may have been ormed.

The 1001 reaction assembly was composed of eight vertical tubes,
22 mm in diameter and 30 cm long, arranged so that the gas flowed from
one to the next in succession. The first six were £illed with moist
K01 (2.0 water as recormended by whittaeker), ithe seventh vwith Call,,
and the eighth with F,05. The last tube was fitted with a 10/30 standard
taper Jjoint so that a condensing bulb could be attachzd,

The MO, was vaporized directly into the ECL tubes, where the
reaction to form MOUl occurred essentially instantaneously. The boundary
of the reaction could easily be followed since the NG, is reddish-
trovn, while the NOCl is greenish=yvellow, This boundary provided a
simple indicaiion of the exhaustion of the reagenis. Vhen the reaction
reached the end of the fourth tube, all the tubes were refilled with
the moist KCl, In this manner, never less than two tubes, the fifth
and sixth, acted as "purge" units, insuring that no O, could be
collected with the ¥OClL. The HOCLl was collected in a trap ccoled with
a dry ice-acetone mixture. This trap was fitted with a 10/30 stendard

tager joini sc that it could be detached from the LOCL train, and



transferred to the czonizing apparatus, The trap had an cutlet of
capillary tuving te allow free passage of unceondensable gases, such

as air, through the system during collection of the NOCL. ‘hen
sufficient NOCl had been collected, the outlet was sealed with a tcrch,
and the trap was disconnected from the reaction syster and capved with
a 10/30 standard taper plug. Il was stored over dry ice until needed.

Spectrographic examination of this material showed nc trace of
10, lines in the visible or ultraviolet regions.

EBecause of the extreme explosion sensitivity of licuid oczone,
it was felt desirable to try to prepare 10,01 frem HOCL and dilute
ozone, which would remove the necessity for having liquid ozone. 'This
was first attempted by maintaininc the temperature of the BOCL such
that its vapor pressure was apprexinately eaqual to the pertiel pressure
of the ozone. Dilute ozone, directly from the ozonizer, was passed
over the ligquid NCCL, and the reswlting gas condensed with liquid
nitrogen. Considerable time was expended with this process, but the
difficulties of trying to maintain the ontimum conditions ruled it out
as a good method,

It was then thought teo condense 0C1 in a tube, and to condense
the 05-0; mixture over it, using a liguid nitrogen bath. This also
bore no fruit, since the two molecules anparently react only in the
concentrated gaseous state.

Decause of the failure of these attempts, it was necessary to

resort tc the use of concentrated ozone as susrested in the initial

work of Schumacher and Sprenger.

T

The concentrated ozone was prepared in the same manner as
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reported by‘ﬁilson,(ll) using a duplicate apparatus.

The ozonizing train consisted of a safety trap, a sulfuric acid
bubbler and P00, tube to remove water, a fritted glass disc Lo remove
dust and P,05 particles, the oczonizer, and the condensing bulb.

The ozonizer (diagrammed by‘Robinson(12)) consisted of three
concentric glass tubes. The inner tube was sealed to hold water, and
the ouber tubes formed a water jacket. The oxygen passed between the
two inner tubes, where 11 was partially converted to ozone by the action
of the high voltage discharge. The water jacket and one side of the
transformer secondary were grounced to a wster pipe, while the other
side of the transformer secondary vrinding was comnected to the central
water tube. The conductivity of the water wac quite sufficlent to
produce an even discharge, The water jacket alse served to keep the
unit cool, improving its efTiclency.

The transformer was a General Elechric X-ray transformer, the
primary of which was controlled with an autotransformer.

Nitregen in the system was convertsd quantitatively to L0 in
the ozonizer, and, since N0z has a spectrum of its owm, It had to be
renoved. There are indications also that it catalyzes the decomposition
of ozone., The dry ice-acetone mixture altained a low enough temperature
that the ;05 was adequately removed,

The ozone was condensed in the condensing bulb {diagrammed by
Uilcon(ll)) Immersed in liguid nitrogen. Zecause of the extreme shock
sensitivity of liguid czeone, the Dewar flask containing the 1igquid
mitrogen was placed on an elevator, driven by a small reversible electric

motor, and the elevator and condensing bulb were placed in a wooden case
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with a deor of safety glass, In this wayr, the liguld nitrogen could be
raised or lowered at vwill with complete safetly to the operator.

The lerge, "lbous "ireak svobs" at the top of the condensing bulb,
and the 2 rm capillary tubing atiached to them, are For the purpose of
rrotecting the rest of the apparatus from the shock of an ozone explosion.
The capillary tubing offers a relatively uvnhampersed path to the slow
flow of the gases, but acts as a "brake" to the shock wave., The "weak
spots” were made from 12 mm tubing on which spots had been heated, and
blovm out. Thelr purpese was Lo further relieve the force of the sheck
wrave by releasing it te the atmosphere. In practice, this arrangement
has worked wvery well to protect the remainder of the equipment from
damage, All glassware within the case was usually demoliched.

Orone was preparec by passing the oxyren thirough the system at
a rate of 5-7 bubbkles per second for a perlod of Two nours, and con-
densing the partislly ozonized gas with licuid nitreren. UOxygen
condensed with the ozone was removed by vumping on the sample cooled
in liquid nitrezen for a period of four Lhours.

Pipure 2 illustrates the system used to orepare lthe 10,01, The
volure of the reaction flask was about one liter., A Eourdon gauge, used
as the null cell, is of the type described by Larr and Anhorn.(l3) In
order Lo prolect the gauge from undesirable pressure differentials,
which might destroy it, a stopcock was placed acrose it, and left onen
at all times, excent then ectuvally meccuring the pressure of the NOLCL,
when the stepcoels was clesed,

—

The soda lime trap was vrapped wiih asbesbos nancr and 5 foet of

do, 22 nichrone wirve, similar to the 0, heater. It was run ab 20 volhs,
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and operated hot enough to deccmpose the ozone effectively, and to absord
the 10CL and 10,01, thus protecting the pump and comneciing rubber
tubing.

Mitrosyl chloride was introduced into the evacuated system %o a
pressure of 200 mm as measured by nanometer A. The ozone was allowed
to build up to the same pressure by lowering the liquid nitrogen, and
was then introduced into the NOCL where the oxidation took places, The
reaction mixture was frozen down into the trap vith liguid nitrogen and
he system evacuated, The excess czone end oxygen were pumped off,
after which the temperature of the M0,Cl was raised to =78°C., Further
pumping removed carbon dioxide which had formed from the oxidation of
the stopcock lubricants (described later). Carbon dioxide did mot
interfere in the ultravioleil abscorption measurements except as a dilvent,
gince the first absorption band deoes not extend to wavelength longer
than 17004, However, as a ailuent, it caused preat error in detemmining
the absorpticn coefficients of J0,CL, and it had to be removed. The
HOLCLl vwras then allowed to vaporize into the absorption cell assenbly.

liitryl chloride has a strong corrosive action on mercury, and
special precautions had Lo be talen Lo rnessure the oressurs. No decon—
pesition traps could be used, because of the danrer of decomposition
products finding theilr way into the absorpliion cell. The null cell,
which gives a deflectlon wilth pressure dilferential, was used, with
the 10501l on one side, and the manometer B and air on the other, with
excellant rezults,

The wvarious absorption cells were then removed from the reaction

system, and transferred to the optical system lor the absorplion measure-



ments,
Silicone grease and Apiezon N were used as stopcock lubricants
with about equal resistance to oxidaltion., The Apiezon N did seem to

lose its lubricating efficiency a little quicker, however,

1



ULTRAVIOLET A¥D VISIELE IRVESTIGATIOIN:

The first absorpbtion work was largely of a qualitative nature and
had a two-~-fold purpose:

1) To test the purity of the product,

2) To get & general indication of the nature of the spectrum.

This was first undertaken by using an absorpiion cell of Fyrex
tubing 25 mm in diameter and 120 cm long, with optically flat Pyrex
windows fused onto the ends, This cell was attached through a stopcocl
to the H0,Cl reaction system, TWhen the cell was full of gas, the stop-
cock was closed, and the cell was transferred to the optical systen.
The light source was a 500 watt pnrojection lamp onerated at 90 volis,
and the recording device was a Cenco replica grating spectirogcraph,
adapted to use 35 mm spectrogravhic {ilm, type 103~F.

Close examination of the spectrum ohotographs showed no trace
of any scrt of absorption bands or structure at pressures up to 200 mm
throughout the visible range to 350CA, the limit of the apparatus, This
indicated that HO,CLl exhibited no absorption in the visible and the
neay wltraviolet regions, and that the samples contained no NO, or HOCL,
both of which have sirong visible spectra.

For the ultraviolet investigation, a similar cell was made from
20 rm tubing also 120 cm long, with ontically flat silica windows sealed
onto the ends. The ends of the tube were sround flat with 800 mesh
carborundun, and amnealed with a bunsen flame., The windows were 25 mm
squares of 96% silica {Corning filier number 791) having zood transmission
dovmn to 2200A. Since the Pyrex and silica could not be fused dirsctly,

they were scealed together with fused silver chloride. A layer of
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Savereisen cement was placed over the silver chloride to lend physical
strength to the seal, and this in turn was covered with a layer of
paraffin %o insure vacuum tightness, In use, this cell held a vacuun
very well, and did not seem to be noticeably attacked Ty the nitryl
chloride.

The lirht source was a hydrozen discharge lamp, furnished with
the Beckman model DU spectrophotcmeter. Its only disadvantage was its
low intensity, necessitating long exposures.

The spectrum photographs showed no trace of any band or fine
gstructure, but exhibited only a continuum from 3300A to a reglon beyond
the 22004 1imit of the equipment. This reglon of absorption was narrowed
by reduction of the gas pressure, but the continuum at each pressure
svill extended beyond the 22004 1imit, although the upper limit was
reduced from 33004 to 200CA, Slit settings varied from 0,01-.03 mm,
gulte sufficient to resolve the fine structure of T0,.

These data strongly indicate that, while the potential function
of the ground electronic state has a winimun, that of the exclted state
does not. Hence, any transition results in dissociation.

In order to interpret the data better, it was desired to know the
absorption coefficients for the range 3000-22C0A. This was accomplished
by the use of a shorter absorption cell (Fisure 3), with silica windows
sealed onto the ends as described earlier. The cell was made from 20 mm
Pyrex tubing, and was 15.2 cm long. A dummy cell completeiy of Pyrex,
and of similar volume, was connected te the abscrpiion cell through a
three way stopcock, and a vacuum line was attached to the third leg of

the stoncock. The stopcock was arranged so that the dummy cell could be
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connected alternately to the absorption cell and to the vacuum line., In
this way, the dumy was evacuated while an absorption measurement was
beinz made, the stopcock was turned, connecting the dummy to the absorp-
tion ecell and cutting its pressure by a factor depending upon the volumes.
A new absorption measurement was made while the dummy was again belng
evacuaved, and the whole procedure repeated. In this manner, several
readings of transmission could be made at different pressures, with only
one initial pressure measurement, that made with the null cell, Ancther
stopcock, not showm, was cennected directly from tho absorntion cell to
the vacuum line to enable readincs of cell transmission alone Lo be made,

The cell was attached to the FOLC1l assembly by a tube leading
from the dumy. In order toc keep a constant volwie, this tube was
always sealed off L 1/2 inches longz, after the cell had been filled and
the stopcock closed,

It was necessary to know the fracticn that the pressure was cut
by this scheme. This was accomplished by attaching the cell, by means
of the fiiling tube, to the top of an open tube manometer, using a shord
piece of Tygon tubing. (The tube pointed dowm and the cells were
horizontal). A short piece of glass tubing was sealed onto the bottom
of the U of the manometer, and a bulb of mercury was attached at this
point through a long plece of rubber tubing. Iy raising or lowering
the bulb of mercury, the mercury level in the manometer could be brought
to any given level. Vhen a reading of pressure in the cell was to be
made, the bulb was raised until the mercury level was at the L 1/2 inch
point on the fiiling tube of the cell assembly. The vacuum line was

attached to the third leg of the stopceck as in normal operation,



The pressure in the cell was reduced stepwise as described
earlier, and the pressure read each time after bringing the mercury
level to the I 1/2 inch point. Im this manner, the pressures were
read at constant volume, and the ratics of the pressures gave the
cutting fraction, which was found to be 0,L58. Thus, cach time the
evacuated dummy was comnected to the absorption cell, the pressure was
reduced to 158 its original value.

The cell was filled with H0,C1l and the pressure measured by
means of the mull cell, It was then remocved from the reactlon assembly,

he £illing tube sealed at L 1/2 inches, and the cell placed in the
optical system.

For this series of readings, guantitative valuves of transmission
weirs necessarysy hence, a Feckman model DU gquartz speectrophotometer was
used, and was adapted tc a chart recording instrument for permanent
records. This adapiation is described by'dilson.(ll) The cell was
placed on an optical Lench between the hydrogen discharge lamp and the
spectrophotoneter, and the various readings of transmission vs pressure
and wavelength made,

In order to try to find any fine structure that might have
escaped photographic analysis, the wavelength mechanism was driven by
a synchronous motor. Since the chart recorder wiag also driven by a
synchronous motor, calibration was an easy matter. Traces were made of
transmission vs wavelength for various pressures, Again, no fine
structure was found, only a continuum. The abscrption coefflicients were
found and plotted as a function of wavelength. This was rechecked,

using a point-to-point trace for accuracy and sneed,
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It was alse nezcessary to find the absclute abscrption coefficlent
at 30004 since the other ccefficients were based on the assumption that
this was zero, and are relative coefficients, Traces were made of
transmission vs pressure at 30004, and the optical density was pletied
against the pressure. The absorption coefficient was found from the
slope of this line, and the absolubte magnitude of the coefficients ai
other wavelengths were {ound from this value,

These coefficients are shovm in Table I, and a plet of the
coefficlents against wavelength is given in Graph 1. The calculations
are cderived Irom the Seer-Lambert Law.

It is noticed that the coefTicient rises slowly to about 27004,
then rises much more quickly to the 22004 limit.

It was desired to try 1o determine the dissociation products from
this excited state. Uo thermodynamic data were found for NC,CLl sc
approximations were used.

In the reaction

NO5Cl ~= L0, + CL (ZP),
it was assumed that the heat of reaction was the same 25 the heat of
formation of the N - C1 bond, which is 38.L Kcal/molﬂ%h) This is not a

bad assumption since the heat of dissociation for the reaction
HOCL e 10 + C1 (°F)

is given as 38 Kcal/hol.(lg) Actually, 38,4 is probably a lititle high
since the ¥ ~ 0 bond is strengthened in going from ¥0,C1 to 0., while
it remains essentially unchanged in goine from ROCL to NO.

Assuming 38.4 Keal/mol to be cormvect, the neat of formation of
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TAELE I

ADSORPTION COEFFICIENT VERSUS LAVELENGTH

3000 A 1.32 atm™t cm™t
2900 1.1
2800 1a59
2700 2.5h
2600 L.63
2550 575
2500 7.47
21150 9.08
2100 10.65
2350 12.70
2300 14.9
2250 High*
2200 High*

!

*Experimental error here was much larger than the actual
coefficients, and accurate values could not be found.

2L



Absorption Coefficient — atm™'cm™!

22

|507
106
-
50
O T L T T p——
&0 | 25; o | 300

Wavelength — mp

Graph | Absorption Coefficient vs Wavelength



23

10,01 at 300°K. can be calculated as follows:

0, + €L (°P) — 1H0,CL A H = =38, Xeal/mol.
1/2 A, + O, —= M0, Al = 8.1
1/2 81, —= £1 (%F) AH = 29.0

Adding, 1/2 i, + 0, + 1/2 Cly — 0,01  AH = -1.3 Kcal/mol,

Using this value, the heat of dissociation inte HOCl and oxyzen atoms

may be calculated:

1/2 ¥, + 1/2 05 + 1/2 Cl, —= [OCL AH = 12,5 Kcal/mol.

HO,C1L —= 1/2 K, + Op + 1/2 C1p AH = 1.3
/20, — 0 (*p)  aH=59.2
Adding, HOL0L — HOGL + O (OP) AT = 73,1 Keal/mol.

These values, when converted to electron-volts, become 1.56 ev
for 38,4 Kealfmol, and 3.17 for 73.1 Kcal/mcl.

The various excited states for chlorine and oxyren atoms, and
the HOCl and MO, molecules were found, and are listed in Table Il.

The excited states of the [0, molecule are not clearly known.
A spectrophotograph of LO; reveals a brozad absorpticn band extending
from about 5300A to LOCCA. A thorourh search of the literature<18‘32)
reveals that the bands of 0, in this region are too complex for
2nalysis, while that at B8900A 1s comparatively simple. It is not
clearly known whether the band at 8900A is Lhe band head for the whole
system or whether the band at 5300A is another system. In view of the
extent of the spectral ranpe, it secms hardly likely that a single

band could encompacs 6LU0A. Therefore, the assumption of another



State
o (p)
o (1)
c1 (bp)
NOCL*
NO, *

M0, * %

~

1l ev

TABLE II
FXCITED STATES AND ENERGIES
Energy over the

Ground State

15867 em~L 1.97

33793 4.19

71954 8.92

16240 2,02

8900 A 1.39

5300 A 230
23055 cm~1

22.8 Kecal/mol

ev.

Scurce
17
17
17
15
18
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electronic band starting at 53004 does not seem ot all unlikely.,

Using the energy values from Table II, the energy required for
several dissociation schemes have been calculated, and are listed in
Table IIT.

The wavelength at which NO,CLl begins to absorb is around 33004,
or 3.76 ev. This, plus the fact that the energies showm in Table III
may be slightly large, seems to indicate strongly that reaction L) is

the proper dissociation., The nature of the second excited state of

b

0, 1s unxnovm, howevers

The change in the slope of the curve of absorption coefficient
vs wavelength is best explained by the Franck-Condon Principle:
Transitions are nost probable when the nuclei do not change positions
zppreciably. This means that a transition "straight up" on the potential
function curves is most prcbable, as illustrated by lines 4 and © on
Graph 2. Line A would be an intense transition, because of the large
population of the lower vibrational levels of the lower electronic state,
Line B, of longer wavelength, would bte considerably weaker, since,
although the transiticn is quite probable, the population of the higher
excited vibrational states is low. Line C would also be weak, because
of the I'ranck=Condon Principle, although the population of the lower
vibrational states is large.

The fact that the absorption coefficient is still increasing at
22004 indicates that the transition from the lowest state of the molecule
consumes more energy than 22004 can supply. Part of the upper state
potential curve is dotted for this reason.

In summary, HOLCl exhibiis no electronic abscrption above 33004,



TABELE III

ENERGIES OF DISSOCIATION FOR SEVERAL WECHANISKS

Mechanism Energy
1) H0,C1 —== NO, + CL (2P) 1.66 ev
2) —— N0, + C1 (2P) 10.58
3) — NOx* + C1 (°P) 3.05
L) ——— HOL** + Cc1 (%) 1,00
o —» NOC1 + 0 (3P) Sy
&) —» NoC1 + 0 (1D) 5.1l

7) . NOC1* + (0°p) £9b
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and it is continuous from this value to a point beyond the 2200A 1limit
of the apparatus. No fine structure or band system was found., The first
electronically excited state is unstable, the molecule probably

dissociating according to the equation:
NO,C1 —= HO,** + CL (2P),

with dissociation 1limit at approximately L.0 ev or 3100A.
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INFRARED INVESTICATICES

In order to debermine the fundamental vibrational frequencles in
the infrared reglon, the Beckman model IR~2 infrared spectrophotometer
was used., However, the gas cells built into the machine could not be
used since they are put together with lead amalgam seals. The speclrum
obtainsd would have been principally that of decomposition products,
since 1i0,C) attacks the lead.

The spectrophotometer is built sco that the lirht scurce compart~
ment can be removed a short distance from the moncchromator unit to
allow the inserticn of svecial absorpbion celis., A lucite box one fool
in length and with a L inch sguare cross section was made, One and one-
Half inch diameter holes were cut in the ends to allow free passapge of
the infrared light, and the box was placed beltween the Light compartment
and the monochromator unit, which were joined with one foot extensicn
screws., The lucite box was held in place simply by the frictional force
on the ends. 4 pan of silieca gel was placed on the fiocor of the box,
and the cell, described later, was placed in the box. The weight of the
cell was supported by two V-blocks, also on the floor of the box, The
holes throurh which the glass leads to the cell entered {the box were
scaled with paraffin, insuvring a comparatively dry atmesphere in the box.

The absorpticn cell was made from 20mm Pyrex tubing, 2L cm long,
with threaded steel flanges ssaled onto the ends with Sauerelsen cement.
The ends of the cell were sround with carborundum and jewelers rouge until
both the glass and the meial were fiush and smeooth, Scdium chloride
windows were placed on the ends, and caps screwed on tc hold them in

place. Ariezon N was used as a sealing medium, bubt it was found that a
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good vacuurm could not be maintained. Vhen Aplezon { was substituted,
nowever, the cell held a good vacuvum. It did not seem to be attacked
by the 50,01, and no trace of 10, bands could be found in the spectra.
The windows were 1 1/2 inch in diameter, 1/L inch thick, and were
furnished by the National Technical Laboratcries.

In order to gel an indication of the spectrum as a whole, a
trace was made at high speed, and low damping, 20 minutes belngs required
for the complete range from l—lSp. Graph 3 illustrates the spectrum
obtained., The several strong lettered bands mers retraced using a low
speed and hirh damping, and are shown on the succeeding Graphs. Only
the envelopes are showm, since the resolution of the instrument is,
at best, & cm"l, while the rotational structure is of the order of
one cmt, (See section on structure.) The intensities of the various
bands are indicated by the pressures required teo give a reascnable
amount of transmission threough the 2hem cell. These pressures are
entered cver the center of each band. The amount of the spectrum
covered by the slit in each case 1s entered nesr the pressure entry
as a triangle representing the slit funetion, with the resolution just
below it,

These traces were made with the smallest possible slits and
greatest possible gain of the amplifier, but the resolution still was
of the order of 6 cm‘l, insufficient to resclve fine structure,

Graph 3 shows that at the 15P edge of the spectrum, there is
strong abscrption vwhich decreases with decreasing pressure of gas. This
strongly indicates the presence of another band just beyond 15p. The

exact location of this band cannot be determined vith the present
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equipment.

The intensity of bends A, B, C, &, F, G, and H indicates that
they are probably fundamentals., Banc D is weak and complex, and is
assigned as a combination band, The remainder of the bands are also
weak, and hirh in energy, and they are assigned as combilnation and
overtone bands,

It is to be noted that seven bands were intense, while there
can be only six fundamentals, One of these is, therefore, a combination
or overbone band.

It 1s assumed that nitryl chloride is a planar asymmelric top
molecule of symmetry Coy,. The six fundamental vibrations are as

shovm: (19)

Cl Ci Gl
1 }
N N N
N\ i 7
‘/0 0\. 4] 0] Q\ 0

Y, Y, 7
Cl- Y | Cl &
N— N-— N®

0 \O \O 0

P, p, & 0 08

\),,, Vs Ve

Two of these vibrations, {L and ﬁk , give rise to Type I bands.
Herzberg(19) describes these bands as possessing no ¢ branches, only P
and E branches. Only one band of this type was found, band H at 5.9p,
anc it was assumed that the other B band was the band just cuitside the

ranre at around lS.SP. Since \L involves stretCAiné of the bonds,



winile ig involves primarily bending, the higher frequency band was
assigned Lo 04 and the lower to Ys . Band B at 13'6F is the most
complex, possessing several mexima. DBecause of ils complexity, it was
assigned as a Type C band, and, hence, Qé s the only vibration yielding
this type band.

This left four Type A bands, which are described by Herzberg as

possessing clear, simple P, Q, and R branches. 9, s %L, and i& Flve
rise to Type A bands, and since Q; involves only bending, while the
others involve stretching of the bonds, it was assigned to the lowest
band at 12.5p.

Of the three remailning bands, it was notliced that the band at
7.8F was almest exactly twice the band at 15.5F. A study of the
symmetry properties(l9> shows that the second harmonic of 3% would be
a Type A band, and this was assigned to 2\&' .

YQ involves bending and some stretching of the bonds, vhile \%
involves primarily stretching. Therefore, band G was assirned 1o Vl,
and pand E to \E.

Using these values for the fundamental vibrations, the remainder
of the bands wers assipgned as shown in Tavle IV,

Fands M, N, and O were of such high frequency and sc weak that
several assigmments could be made within the experimental errvor. Hhence,
no assirnment was attempted.

Huch more information can be gotten from further resolutbtion of the

several bands, and from extension of the analysis beyond lSF.
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ASSIGMITENT OF IINFRARED BANDS

Frequency
(643) em™L
133

TABLE IV

Wavelengsth

(15.5) p

13.56
12.58
1125
8.58
787
7456
5.91
L. 86
3.85
332
2:95
2.75
2,35
2617

37

Assignment

Vs
Ve
V3

V4 — Vs
V2

Y, + Va
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MOLECULAR STRUCTUHE AND THERIODYIIALIC DATA

The rescoluticn of the Beclonan model IR-2 spectrophotometer is
insufficient to delermine the rotaticnal structure of the infrared
bands, and the moments of inertia cannot be accurately determined. In
orcger o calsulate the entropy of HOU.Cl, its three moments of inertia
rmust be knowm. From the vork of Donohue,(3h) the I - O bond distance in
H0, 1s found to be 1,204, and the ancle between the oxyrens, 132°. The
1T = C1 bond distance of 1.TA has been taikken from Fauling.(lh> 0,00

probably exists, then, as showp;

Cl

17a. —N 132

The center of mass is easily found to be O.5G5A from the nitrogen
to the chlorine.

Since the molecule uses all the valence electrons to form bonds,
and there are ncne remaining, it is assumed to be planar., The three
noments of inertia are defined:

I, is the least moment of inertia,
Ty, 1s the middle moment, and
I, is the largest moment,

The three moments have bren caleculated:

]

I = 6l % 1070 mmiom.2  (through the N = C1 axis)

1l % 10-40

1

Ty
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I, = 208 x 10740 (perpendicular to the plane of the
molecule),

The separatlon between the rotional lines in the infrared region

. . | . Q
is given by the expre351on:(lf)

h

87rcI,
0.l en™L, where I, = 6l x 10~Lo
The spectrophotometer would have to have a resolution betlter
than ob em™L in order to resolve these lines.

Statistical Mechanics(3L) vields expressions for entropy, internal

energy, and heat capacity as follows:

1) Translational case,

E = 3/2 RT
Cy = 3/2 R
S =R(3/2 1 + 5/21nT + 1InP + 1,157)

2) Vibrational case,

Z = RTu(e® - 1)L + Eo

L
]

wn
il

R [u(eu -1t - (1 - e-u)]

Ruel(el - 1)~2

CV
This is repeated for each fundamentel vibration.
3) Rotational case,
E = 3/2 RT
8= 3[3/2 InT + 1/2 In(I I,T, x 10120) - 3.&&6]
Cg = 3/2 R
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The symbols

Symmetry number; since NO,Cl has a symmetry number of

two, the total entropy must be reduced Ly a factor

#Alné.

Huelear Spin, Mixing, Isotope, and Anharmonicity

corrections have not been made, since they are, for

the most part, small,

M

—

S o

are conventional and are defined as follows:

hecw

¥l

melecular weight,

at:solute temperature,

pressure in atmospheres,
Plancks constent,

velocity of licht,

Boltzmans constant,
vibrational frequency in em™L,

2

Ey substitution of the proper values in the various formulze,

HO

heat capacity, internal energy, and entropy have been caleulated for a

nressure of one atmosphere. The internzl energy, as derived from

spectrograpinic data, 1s actuwally not the total energy, bul thn eneryy

above a "zero polnit" energy, which can be found only from chemical data,

The energies are, therefore, expressed as differences as shown,

The thermodynamic constants are listed as follows:

il

300°K. 500°L, 1000°K,

£3.3 59,5 8C.6 cal./deg.mol.
8.7 12,0 15.7 cal./deg.mol.
2000 5100 13,200 cal./wel,
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