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‘Introduction

In 1904, Drude, from the study'of the cispersion
of various substances was led to the conclusion that
the infrared absorption and emission bands‘of most
substances (ihcluding gaées) must be due to the vib;
rations of electrically charged atoms and moiecﬁles,
rather than to the oscillations of electrons inside
the stoms. In 1912.Bjerrum extendeq ﬁhe conceptions
of'Drﬁde, and with the accumulation of.data, it soon
becgme evident that much.ﬁas to be learmned about mole-
bular dynamics and structure from & study of infrared
absofptién spectfa.> |

The simplicity'of éhe diatomic structure prompted-
extensive investigétions on this typé of molecule, both
experihehtally and theoretically. The experimental ob-
ssrvations of 2 single fundamental frequency with a |
nﬁmber of harmonics, and the appearance of double
branches of fine structure in these Eands led to a
successful explanation of the dynamics of this mole-
cule in the light of the guentum theory. Such a mole-
cule could be represented by a mechanical dumb-bell
model with an elastic bond. |

An extension of .these ideas to the polyatomic
molecule has only begun, and complete anaiysis of the
structure and dynemics of even the simplest kinds of
polyatomic molecules has been reached in only a few

CaSESe.
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he infrared absorption of nitrogen peroxice has been
e s e T et e . 2
investigated by Danielsl, anc by Warburg an¢ Lelthauser® in

the region %ﬂ.to Zw . They observed bands at approximetely

edu, 5.7u and 6.l§y. Von Zahr® obssrvec bands at 6.}u'gnd

In order to obtain the fundamental Treguencies and to
attempt an analysis of the molecu¢ar structure of ¥0o and
N204, 1t was decicedto investigate the infrared absorption

of nitrogen peroxide and extend ti

chserv atiops 1nto the

[}

v

lonrer.vaveléngth rezion.
A“tpouol a considerable ambunt of investigétion on’
this eguilibrium mixture has_been céw“¢uq out in ﬁhe field
of chemistry, véry 1ittle is known at the present time cha~
cefningvthose properties which contribute to a knowledge. of
the structufe of the molecules FOg and NQQ4.
For an enalysis of the structure of polyatomic molecules
from the fundamental frequencies it is necessary to'make
certain assumptioﬁs regarding the binding Torc es between

pairs of atoms. A mathemat ical treatment of the vibrational

problem, even ror the less complex DOTVatOmLC molecules, will

1 Daniels, Jour. Amer. Chem. Soc., 47, p. 2856, 1925
%mr'burCD and Leithzuser, Am. C. PhySL“, 28, p. 313, 1909
9Eva von Fahr, Ann. d. Physilk, 33, p. 585, 1910

4pyring the course of this investigation C. R. Bailey and
A4.E2.D. Cassie have reported observstions on this gas to
1@)4an, report several additional tands. Nature, vol. 131,
v. 239, 1930.
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in general give a set of equations which are less in nunber

than the unknown quantities contained in them. These un-

W

bing

P

Lmowns are the force constents and the angles cescr

the

ULI

conetrical arrsngement of the atomic centers. If‘the
molecule contains a number of like atoms, and if there is
good evicdence of several equal bonds, the syrmetry of the
“eonfig Ufatlon will, in sons casés, reduce the unlmowns so
as to render solutions of the equatiohs“possible.

Hints re g arding structure are in some cases obtained
from a‘knowleége of the electric moment’of the moleculed,
€ g., in the triatomic ¢OlGCUlb the‘absence of a perma

dod argument for a linear model,

e

'nent electwlc moment is &
while an apprecilable electr;c momcnt indicates a triangular
structure.,It has also'been pointed out oy,Rawlins5 that,
Cif the specific heat of a triatomié molecule at low temper-
‘atu es approaches that of a diatoﬁic molecule, 2 linear,
or nearly linear structure 1s to be expeéted. These con-

derations at the present time are rot sufiicient to de-
termine uniquely the structure of polyatomic molecules,
bﬁt aré valuable as guides'in,cboosing a molecular model
consistent with infrared data.
" Although the fundamental fregquencies are in many cases

obtai e¢ from the Raman spectrz, it is necessary, especially

in the case of gases, to resort to the infrared absorption

SRamlins, Twrans. of Feraday Soc., p. 827, Sept. 1929
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spectra for a more complete analysis.

The spectrometer used in the present investigation
1i¢ not permit resolution of any of the bhands into rotat-
ional fine structure, and interpretation of the results.

is therefore confined “to the vibrational aspect of the

molecules.
Apparatus

A Leilss prisn spectrometer of the Wadsworth type was
used. The e"nerlmental arrangement is shown in Fig. 1. N

is a Mernst glower; iy, Mg, Hg,.M4, concave mirrors; mj,
; plane mirrors, g, Wadsworth n¢°ror, S1s Sg, sllts;
P, rocksalt prism; T, tbe mopile; Gl’ primery gal aaometer

3

.

and thermo-relay aup 1i ier; Go, secondary zalvanometer;

¥ r v z fl tions of G R, extension for
ﬁg, scale for eaa¢n deflection T 9, R, exter
‘rotating prlsmntable; L, tclescope for reading angle of

rotation on scale Kj; S, shutter; Cj, Co, absorptiCn cells;

W, mica or rocksalt window.

——— e,

Fig. 1. Experimental arrangement.
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The spectrometer was enclosed in a felt-lined box. The
cells, shutter and spéctrometer were arranged‘sp that they
could be operated by one observer. 4 Holl thermo-relay amp-
lifier, usec in connection with a Zernilke galvanometer for
'primary deflections and a sensiti#e Leeds & HNorthrup gal- .

vanoneter fqr secondary éeflections, proved to be very use¥
ful in studying»the.longer wavelength regions whére the
emiSsion of the glower was coﬁparatively wealk. A Moll>linear_
thérmopile,.enclosed in an air-tight brass cése.and placed
immediately'behind the exit slit, was used to detect the
radiation. |

. The spectrometer Was‘adjusted according to the:method
'sﬁggeéted‘té'the'authOr by W. W. Sleator Qf.the University

N o ‘

of Hichigan. The prism was first adjusted so that the enter-
ing beam of light striking the face of the prism is I'e:?lec‘téd‘
back through the entrance slit so that the reflected image

exactly £ills the slit. The angle of incidence of the mer-

cury green line (548l) was then_computéd from the minimum

deviation formula and the known index of refraction of NaCl

at this waveléngth.'The rrism was then turned throﬁgh'this

angle énd the VWadsworth mirror adjusfed so that the‘Hg

green line filled the opening of the second slit. The spect-
rometer was then checked with the Ig emission line at 1.61%};

and the COo absorption band at 4.2%}&. The indices of re-

fraction for MaCl, taken from tablesG, were plotted on a

€scnaefer & Natossi, Das Ultrarote Spekbtrum, p. 47.

EX
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graph with wavelengths through & ran .?u to 1§U- On a
separate graph the angle of minimum deviation was plotted

: wi£3 the indices of ref tﬁon . The wavelength for any
sancle of the prism table could then be determined by refer-
ring to the two graphs and correcting fqr the change in

the indices of refraction due to the temperature of the

The sensitivity of the receiving apparatus was svffi~

cient to obtain readings as far as l%ﬂ with the NaCl prism,

-

although the transmission of rocksalt in this reglon is

(F!

small.

Preparation of the Gas
Pure ni’r ogen peroxide was obtained by heating C. P.

oné condensing the gas by cooling with a

o

copper nitrate

=
‘,.l
H
ct
o]
]
o
O
L)
=
o
@
3]

nd CaCl. The apparatus, shown in Fig. 2,
was made,entirely of‘pyrex glass. In chambter A, water pres-
ent in Ehe copper nitrate was condensed, the gas pastlnD
thrbﬁgh.a drief of Polg and being condensed at C. The gas
was fofced into the absorption cell by partizlly evacuating
the cell. In this process 1t was. agaln pasqec through PoOg

to insure dryness.

Fig. 2. Apparetus for pre ar;ng r;trogep peroxice.
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Absorption Spectra of N0z and NoO4

The spectrum of nitrogen peroxide was mapped from %/1

to l?/t, using absorpiion cells 10 cm. in length with rock-

0

‘salt windows and slit widths ranging from .08 mm. t0 .5 mm.

Strong absorption bands were observed at 3.3u, 5.zu,'6.;§a;
7.284, 7.854, 15.5 and 15.6u, and a weal band at 3. 89

These bands with their approximate intensities are shown

SEE NEXT PAGE

Fige. 3. Infrared absorption spectra of HO2 and NoOg.

The observations on these bands were taken at a pres-
suvre of one atmosphere. The low intensity of the band at
S.B%u Gic¢ not permit accurate measvrement of its wavelength.

It is lkmnown from chemistry thet at ordinary tempera- .
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tures this gas is a mixture of NOp and NyOy. At about 150°
C, however, the gas consists entirely of ¥N0o.

In order to determine which bands were due to NOg and
which were due to Ny0,4, an investig ation of the infrared
absorption of this gas was undertaken at different tempera-
tures. The gas was heated by using an absorptlon cell hlth
nichrome wife'WOund about 1ts outer‘Surface and insulated
from the surface with aébestos. Tﬁe temperature was regul-

ated by the amount of current passed through ﬁhe nichrome
coil, and observed by inserting a theﬂmometer 1n a side
tube attached to the absorption cell, |

For'the region, %u to %ﬂ s ‘mica v1ndous were used vmthf
cells 35 cm. 1n length. The results f‘or th;s region are
shown in Flgs.,é and.o. The bands at‘S.aga, 5.)u and 7.8§u.
are due tQ NoO4, since they decfease in intensity and
finally disappear at fhe highér temperatures and increase
in intensity at the lower temperatures. The bands at 6.1§u
and 7. 29& increase in intensity as the temperature is raised
eand decrease when the temperqtvve is lowsred, and are there-

- fore attributed to NOp. The band at o.?u exhibits a pecul;—

'arity inasmuch as it decreases slightly with increase in
temperature and increases in intensity with decrease in
temperature, but does not disappear at the higher tempera-
tures as we woulc expect if 1t were due only to Ng0y. This

suggests that the S.§u band may be a characteristic fre-

\
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gquency of NOg anc NgOgh, and that the absorption bands of

both gases in this region are nearly superimposec.
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Infrared absorption of nitrogen peroxide at -
different temperatures in the region %/Lto jp.
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For the region , go to lé/lit was necessary to use
rocksalt windows on the absorption cells. To avoid break-

ing of the rocksalt windews, the cells were first fitted
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with mica windows. Openings were then cut in the mica and
the rocksalt windows mounted over these openings‘with duco
cement . This recuced the;strain on the roclksalt and pre-
vented cracking when the cell was heated.

Observations in this region were taken at temperatures

of 25° ¢ and 150° C. The band at lS.%u disappeared entirely -

100
807
4
Q
o L
Q.
@
8 60T
@
<
N L
2
W
¢ 401
&
20+
0-——F, —t = =
49 3 0 48° 55 50
PRISM ANGLE

Flg. 5. Infrared absorption of nitrogen peroxide at
Gifferent temperatures in the region Bu to §N-
at 150° C while 15.64 band remained at about the same in-
tensity.

These exreriments were sufficient to determine with
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some degree of certainty which bands could be aﬁtriﬁuted
to the two different types of molecules present in,thié
gas mixture. The'band° Gesignated as 4; B; C, and‘D in
Fig. 3. are'dué to 0o while the bands a', B', C¢', B' and
possibly a band neer 3.3 (D') are due to ¥50,.

It may be remarked here that Bailey and Cassie? re-
port the disappearance of‘all the bancs except bands B and
C at a temperéture of 100° C, and appafently did not ob-
serve the bend at 7.284. The euthor has exsmined the 3. 3u
and 7.29# bands at temperafures as high as 240° C with
some care. Both bancs remained at these high temperatures,
the 7.2§u bend increasing conslderably in intensity.

The low trensmissibility of HaCl in the region of
19u did not peérmit complete observation of the band at
15.6u. Bailey and Cassie give the wavelength of this band
as 15.6', ané in the following calcuvlations thelr value

has been adopted.

Infrared Absorption of Liquid Nitrogen Perdxide

In order to determine whether or not the 5.§p,band
was common to both KOp and NgOé, it was decided to inves-
tigate the infrared absorption of liquid NpoOy. Since this
liguic¢ boils at about 21°¢ C, 1t was necessary to construct
an absorption cell which could be cooled well below this

temperature. The difficulties encountered in obtaining a
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suitable cell for this liquid were many, anc a number of
cells were tried and diécarded. The cetails of the cell
finally used are shown in Pige. 6. Twoc sheets of mica 7
inches long, 1.5 inches in width and 0.1 mm. in thickness
were separated by a mica "gasket" 0.1 mm. in thiclmess and
clamped between two slotted brass strips. The top was left
open so that a small pointed tube could be inserted between
the mica plates. The upper pdrtion of the cell was surround-
'eG by 2 cooling chamber, The‘celi was filled with liQuid
 N2O4 by forcingvgaseous.nitrogen peroxide into the cell
through the small pointed tube inserted at the top, and
concensed. by coéling.'Ater the cell had been fiiled the
top was closed by clampiﬁg‘the mica- sheets together'with‘

the brass insert B, and scaled over with soft wex. The

7
(u

e cmewnemed
.

;

T
v

'

.
-
]

H

R ) T e

N
BLACK WAX
2—-LiOUID

F—MIC A

b

Tig. 6. Cell used in stucdying liquld NoOg.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-13-

cell was then plzced in the light path so that the beam
passed through the lower portion. in empty cell of the
seme thiclkness of micsa was attached so that both cells

could be thrown alternstely in and out of the path of.

light.
i00
O
Hz' H,0
-g. 80 /i\ ]
-
& 304 !
g N0s o | M
60 .
{3 I Ve ; N =~
& S / .,5:,,/‘ . ' 5.7p
b 3 4.7
i s :
& & 40 \\—//
20 /
]

49 40 35 30’ 25 20° 18° 10’
PRISM ANGLE .o

Fig. 7. Infrared absorption of liquid Tp04.

The results were not very gratifying andé were.made

leés certain dué to the concdensation of water vapor on

the win&ows of the absorption cell. However, in addition

to the HpO bends ab 9K, 4.7 and 6.26u, bands due to Tig0,
o . .

were observed at 5.6§u and .Zu, as shown in Fig. 7. The

(74

nearness of the broad HgO band at 9u made the wevelength
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ieasurenents of the 3.654 htanc uncertain, and 1t is prob-
gble thkat 1ts true wavelenzth is somevhat less than this

value.

Discussion of Bands

These results show that g0y, ot least in the liquic
state does have an absorption band in the region of the
6.)u band of NOg. The fac that the peak of the 3. /u,bana

~shows no apwrecliable shift at the_hlgher temperatures sug-
gssts that the Ng0, baﬁd in this regidn hés approximately

- the same frequency as the‘NOQ'band in the gasedus state.
It is’interestingvalso to note thet thi s}sumkation fre-

”quency,7%+!z§ » for Np0, has almost the same value as  the
vfrequency;zg, for‘ng as shown in Table I. The observed
‘valve for this frequency is 3008 cm-1.

The freQuencie§ end wavelengths of the ébsorption
hands fo: N0z and NgOy are shown in Table I. In the follow-
ing discussion the bands will be referreé to by the sym-
bols A;‘B, C, etec. z9 and z?ape the Tfundamental fre-
gquencies which were found to be-consistent with calcula-

tions, and g refers to tne ungyunct ical frequency.
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Structure of NOg

The nature of the chemical binding in N0g has not beeﬁ
definitely cecidlec. ﬂeqke? however, zives good evidence
from thermochemical conéiderations that’ﬁhis molecu1e has
'a'double bond ‘betwsen one of the O-atoms and the N-atom .
and a éiﬁgle beond connecting the other O-atom to the M-

atom, or symbolically

—

Q=

Blndln~ of this type would indic te an unsynmot”;cal

0

| structure. Baliley and C°SSle* attribute on1v th bapds B
~and C to W05 and conclude that the molecule is linear and
.symmetrical with an inactive fﬁndamental at abouﬁ 1¥u.
Consiceration bf the existenée of the three‘active Punda=
mentals;'A, Biaﬁdvc, with and active combiﬁatioﬁ band D,
in thé»ligbt of Dennison'sS® discussion regarding the con-
ditions Ffor the existence of such‘bands, would indicate
thét the TCg moleculc is not a symmetrlceal iinear struc-
tﬁre.
So far as the author is avare nb c¢ata ars avallable

concerning the electric momemt of this molecule. Strong

3.

o - o ) S N 5 - s -
and Weoov¥ have studied the fer infrared absorptlon oi nit-

[N
Gl

Tvecke, Z. £. Phys. Chem., E, 7,

3 n p. 114, 1930.
CDunn;son, Rev. of Kodern Phys., 3, pp. 282-292, 1931.
Vb*“Oﬂ” and Woo, Phys. Rev., 42, p. 275, 1lg3=.
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ind any appreclable absorntior Eahds in this region. The
amount of dissocliation éf this gas at.room temperature,
however, is only about 20 per cen?. ‘

The normal moceé of vibration of the atoms in an un-
aynreetrical tr¢ato¢1c moleculs have been evaluated by Lech-

systeu, and by Radakoviell

3
(¢
o
wl
5
[&]
LN
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l—l
o]
3
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i
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ct
fwy
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i
(¢
0
o
¥ o
(]

l’li'-}- -2;.-% n";‘ = kaéuu’*' kﬂﬂ‘zg"‘ d/ "
%o = ku.kzs( 1 /42’“”

rr;n cos*a ) +

s
P I | —-/:?/9-7--sin?a ) .
/"‘43 Y E 12

Where, n = 2NMvc; o 1s the supplement ol the valence anolb;
k,, and k,, are the force constants for the normal modes

along the lines joining ‘the masses mj to mg and mo to mxs

e}

101.echner, akad. d. Wiss., Wien, Qlt7Uﬂkav_-, 141, p. 291,
1llu3
Radakovic, Konatsh. f. Chem., 356, p. 447, 19230,
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4 is the effective ceformation constant; s, and s, are the
distances between m3 anc mo and mg and mg respectivelys;
s is related to sy and s,y by the equation,
% “a A 2%
CppSpp = Gy = G 8
and
1 1 1 1.1 1
= =+ = =
./"19: . ml qu , /“‘23 R.q .A3
b3
- 1¢* 2 ¢* g
-;]-—'— = - §- - f' +COS O +
/u‘i /“13"12. ”z 12.341? /"?3
For NOo these become
-l__=_3;_:}__=_];+}_’ my=mo=m o, my= Mo,
Mz M M m 3
) 2
L:E.z L+L ?-: —--——‘S cod b =--r-mmmm e e (2)
M N S S N 8,8,
where, m = mass of O-atou
- M = mass of N-atom..
if we accept Necke's conclusion Unat one double and
one single bond are present in the EOQ molsecule, anc as-
sume that the force constant for the double bond is twice
that of the single bondlz, we can write,
12pgdieu and ¥onlrausch, Ber. d&. Leutch. Chem. Gesell., 63,
p. 276, 1930, have found this to be approximately true
for the boncs in a number of molecules.
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Then, i

1
™

W Xl

~i9-

i1
N

vz

andg -

/"‘/"9

...-——--— g% Sl”l CL

equations (1) becone,

S X+

2
2-
s; %&)>

I I e e -,

A O

e e n s am e e e o ST v e o e e b e e oA =

- e e e e e e . wm aw m e B e PN A PR am e e e en e e

- e ot e - e e - e -

Z =

_ e

2 x*( 1 - ﬁ;ncosza ) +xz(3—-D)

2 x*z = ¢ _———
+BEliminating z from (4) anc (8), we get

6x3 —24ax* +0=0
From (5),

Juz
— 5 .lc?‘(l-ifz*cosa.)
% Z

Eliminating j@sz from (2) and (3), we get
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x end 3 cén be evaluated from equations (4).and'(7).

Equation (7) gives three values for x. For NOp onlyl
one of these gave real values fdr v, namely} '

¥ = 3.0140 x 1028

Using this valuve of x, the positive values of v, as obtained‘
fronm (9);‘were plotﬁed with the values of'@a Thé_curvé is
shown in Fig. 8. I we restrict.thz values of v;_so that
v<£ 1, the range of possible values foxr the angle o 1ie‘
between 78° 30' and 128°. This reétriction is ailowable,

since the distance sy, for the double bond would be expected

-4

to be less than s,, for the single bond.
Furthermore, if we tale

) S S
s = 12+ S23
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and substitute, déﬂw = z in equation (2), we get

N

. s MM v? o T
¢ = (I + Zj‘v cos o + M VZ) (V + l)z (lO)

\ ]

o | ! B A
| o
, !\ /|
: TN P
1 ]
SL _ : :
30 50 70° a0° i1o* 130° i150°

>

Fig. 8. Curve showing v as a function of «.

The curve describing d as a function of 'a, obtained

y substituting values of v from the curve in Fig. 8, in

eguation (10), is shown in Fig. 9. This curve shows 2

meximum at €2° and 2 minimum at 25° in the range of per-

wialls,

missible values of a.

Since one of the modes of vibration gives rise to a

periodic change of the angle « about an equilibrium posi-
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tion, the maximum and minimum values can be taken as the

two possible equilibriwe positions for a. At these points

; x 10
28
! o ] /
24 2 |os /|
d i/
20 ; !
. /1 N
[ |
12 / ! !
i T
/ N
i |
8 ‘ ! h
40 §0° 80" 100° 120° 140°
oA —>

Fig. 9. Curve showing & as a function of a.

d remains approximately constant for small changes of .
0f these two positions, the value a = 95°, 2t which posi-
tion d is a minimum, would give the most stable configur-

ation for the molecule.
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From this point of view the structure oi the HOg
molecule in the unexcited state would be that of an unsym-
metrical triansgle with the valence angle (180° — «) egual

a2y

to 85°, Pig. 10.

The ¥olecular Constants

The doublet separation of band B was found to be ap-

4 zive the doublet

proximately‘SB cm . Bailey and Cassie
separation for this band and.Band C as 35 cm and 32 cm
respectively. This frequency difference corresponds to a
moment of.inertia of 4.2.x 10-59 g émg. if this,islidenﬁ-
ified with the moment about the axis of least inertia, the
interatomic distances s and s Vare l.9_%:aﬁd'3.2 2 res-
vectively, and if tbisvvalue’of the moment of inértia is
taken as the moment apout-the greatest axis of inertia

 these'distances bedome-0.69'i end 1.17 A.. The former appeér
to be the more. likely values.

The axis of least inertia for this unsymmétrical struc-
ture was found to be alohg a line in the plane of the mole--
cule, passing through the center of gravity and thé'center
bf the O-atom of greateét distance from the N-atom.

The equations giving the normai frequencies for fthis
uﬁsymmetrical rmolecule are not sufificlent to determine

which of these is the so-called unsymuetrical Irequency.

If we can apply to fthis unsymmetrical structure the con-
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clusions of Dennison14 anc¢ Balley and'Cassiel5 regaraing
the orientation of the electric cdouvnlets effective in the
‘vibrations of symmetrical triatomic molecules, it would
appear that the bands B and C are the symmetrical frequen-
¢cies Ior N05. The doublet separations_of boﬁh;bands are
approxiﬁately egual which indicates a probable similarity
of.structure. |

. The four observed frequencies'cgn be represented
by such an expression as (n,z}, + n,%) +‘ng15), where 4
ané 2, are the sjmmeﬁrical’frequencies and 2} the unsymﬁet-‘
ricai‘frequency. For bands B and C, ny; = 0, and the effec-
tive electric dcubletvis perpendicular to the axis of least
.ineftia;‘for bands A and D, n,; = 1, and the electric doublet
is parallel to this axis. This would indicate the presence
of a Q-branch in the bands A ahd D, while the bands B and
¢ would have only P- and R-branches. The structure of these
bands is.uncertain due to the low resolving power'of the
spectfometer usedes

A sumrary of the molecular characteristics, as calcul~

atec for the KO, molecule, are given in Table II. The force

l4pernnison, Rev. Hod. Phys., 3, p. 280, 1931.
'15Bailey and Cassie, Proc. Royal Soc., 130, p. 142, 1230;
137, p. 622, 1932. ‘
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constants were calculated from equation (10} and the re-

lations, x = k(}./. , ko =k, , k,=2k.

Table II
: sFuncamental: Force tAtomic  (Valence:illoment ::
:MOLECULE: freguencies;constants:distances: angle : of $e
: s in cmw” :dynes/10°: cm x 10:(180—g):Inertia::
. s = 1628 : k= 7.38: §,= 140 1 : :
: N0z : s J: i e : 1= 4.2
. . . ¥ 5 . 31,
: N : = 641 : K,= 3.69: s,= 3.2 ¢ 85° : x 10 :
: // \ : : HE : P g.ocmo:
: 0 0 : = 3008 : d = 17.4: : : :

Structure of N, Oy

Thé'simplicity of the spectfum of N0, makes it ap-
pear_probable fhat this molecule consists of tﬁo symme t-
“pical nitro-groups with a linkage betwesn the N-atonms. |
The frequencies characteristic of each group will then'be
alike, and if the binding, |
_;N4?O
=0
is adopted for eack of the nitro-groups, these two groups

may be represented by isosceles triangular forms.
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The equations for the normal frequenciss of an isos-
celes triangular model, as teken from Lechner's paperle,

are as follows:

n? =
3 Tm

2 2 k-2<i_2m + M.
mnm M (1)

|=
=]
=

o
=21

(1+cosa)+l}

‘2, 2 m - .‘ | T
n1+n2,=;1_{ﬁ(1fcosa)+l}+ {
2d /m , -

+m——{ﬁ(»l+cosa)_+l}

where the symbols have the same meaning as in the preced-
ing discussion.

Eliminating %k and d.- from these equations, wé get

2 _2 . . _ _
04 0z I L3 2 2 2 a2,m N ,
momm Y T M e ng) w2+ l) =0 --=(2)
I .

where, m

u = ﬁ ( l +C0S a ) + 1,

and n, refe“; to the unsymmetrical frequency.

16Bjerrum, Verh. Deutche Phys. Gesell., vol. 16, p. 737, .
1914, and Yates, Phys. Rev., 36, p. 555, 1930, also give
theoretical treatments of this model.
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Substitution in (2) of the values for theé fundamental

frequenciss (4', B', and C', Table I) gives two solutions

o . « ~1 5

for the angle a; one when 2} is teken as 1274 cm and one
-1 , . ; .

when 2z} = 1754 cm . These, together with the corresponding

force constants, are shown in Table IV.

Table IV
: o Unsymm.. ¢ Symm. T Force ¢ Valence :
: Molecule : frequency: frequencies:iconstants : angle :
: : in cm® : in cm™? : dynes/107°: (180° ~ o)
:0, 0 :CeseI : 7)=1754 : k = 4.9 :
AN T4 : ‘ o !
: /N—N\ : : : : _ : 139% 207
: O 0 : 2} =1274: 2] = 752 : d =2.58 : :
10y 0 :Case II : 7 =1274 : k= 09.7 :
:';N?N{ : . : ¢ 135° 20':
: 0 N o = 1754: z0= 752 ;@ = 0.6 o
: Nitro— : s s : ’;
scompounds o H : ’ : :
: - : 74, = 1560: 7} = 1380 : k = .48 : 103° :
: ReNOg : : ST : :
: Organic ; : : ; ;
: nitrates : . : : : :
i . ;;z% = 18627: z{ = 1274 : k = 92.35 ¢+ 118° 40':
t ReO*NOgy ¢ _ : : : : :

L3

These values are compared with those given by Dadieu

17

and Kohlrausch for the NOg-groups in nitrocompounds and

17Dadieun and Kohlrausch, Nonatsh. f. Chem., 58, p. 437, 1931.
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. organic nitrates, calculated from the Raman frequencies
for these substances.

Case II, with 2} = 1754 cm and k = 9.7 x 10 is in
good agreemeﬁt with the values for the force constants

given by Dadieu and Kohlrausch, and appears to be consist-

ent with the cdouble bond structure of the NOg -groups.

Deformation of the Hg04 Molecule in Solution

Daniélsl has investigated the'infrared absorption of
’Nbg and Np0y in solution, in the region 2p to 7w, and made
the interesting observation that the Ng04 band, originally
at S.Zufin the gaseous state, was shifted toward the shorter
wavelengths In solution. He used eight different solvents
and found that the 5'3“ band was éhifted to wavelengths
va?ying‘ffdm 5.4§u to 5.5u « The NOp hands at 3.9/(and
6614 remained unchénged in positioh.- |

Tn Case IT of the preceding Giscussion this 547 band
wes selected as the unsymretrical frequency in the HOo -
groﬁpé.‘ With chloroform as a solvent Daniels observed that
this frequency had shifted to 74 = 1852 cm . If this value

is substituted in the equation,

2 k /n -
ng = = {TH (1 + cos a ) + l:}

: s
vhere, ¥ = 2.7 x 10
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’the value of « ‘turns out to be approximately equal
to zero, or the valence angle 1is appfoximatély equal
to 180°. | |

" This means that the two nitro-groups in NpOy have
been changed from the isosceles triangular form in the
gaseous state, to a linear structure in solution. NOQ
in solution apparently maintains 1ts original struc- .
ture. This ié consistent with the values obtained for
the deformation constants in N0, and Ny04. For NOg,

4 = 17.4'x 10, while for N0y, @ = 0.6 x 10 + This

a large difference;wouié render the No0, molecule much

moré suscepﬁible.to angular deformationf
Sumﬁary

(1) The~infrared absorption spectrum of nitrogen
pefoxiée has been inVestigated in the gaséoué and
liquid states; usiﬁg a prismlspectrometer.'Absorption
bands were observed at 5.3M, 3.89M, 5.7, 6.1, 7.25u,
7.89u, 13.§u, anad 15.§u.in the gaseous state, and at
5465u; and S.Zu in the liquid State.

(2) By heating the gas to a temperature of 150°
C, it was found that the bands at S.B%u, SeT, 7.8§u
and 15;§u were due to'N204, vhile those at S.Eu, 6.1§u,

' 7.2%# and 15.9u were due to NO2.
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(3) The problem of the normal vibrations of the
NOo and NoOg has been discussed from the standpoint
- of the "valence force" system.

(4) The structure of the NO_, molecule agrees

2
with that of an unsymmetrical triangular form with
unequal,bohds between the N-atom and the respective
O~atomé,.while the NoO4 molecule can be best repres-.

.ented‘by two symﬁeﬁrical nitro-groups, with a linkage
between the N-atoms. | |
| (5) The defofmation of W20z in solution waé«cal-
cuiated, and.it was<fouhd that the nitro-groups change

from an isosceles triangular form to a linear structure.

The author wishes to express his thanks to his
advisor, Dr. L. T. lore, and to other members of the
staff of the Physics Department for suggestions and

help during the course of this investigation.
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