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caused the carbonate contamination of the sodium hypo-
nitrite. The solid, impure sodium hyponitrite was re-
peatedly triturated with absolute ethanol until the
solid would fall freely. The mixture was then filtered
and washed with absolute ethanol.

At this point the collection of samples from two
or three runs was used. The impure sodium hyponitrite
was dissolved in the least amount of water. This solu-
tion was added to about 25 grams of activated charcoal
and mixed. After about five minutes the mixture was
filtered. The aqueous solution was concentrated by
placing the sample in a capped jar (the 11d was screwed
on loosely) which held about twice the volume of 1liquid
present and then putting this jar in a vacuum desiccator
which had concentrated sulfuric acid as a desiccant.

The desiccator was evacuated with a fore-pump using a
dry ice-acetone cooled trap to prevent the water from
contaminating the fore-pump oil. Caution should be used
at this point not to dry the sample too fast or too much
since the octahydrate form probably has superior proper-
ties to the anhydrecus form for purification.

After the sample had crystalized 1t was repsatedly
triturated with absolute ethanol, filtered, washsed with
ethanol, and finally washed with absolute ether. Then
the sample was drled over concentrated sulfuric acid at

about 20 microns of mercury pressure.
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An infrared spectrum of the sample at this stage
showed the presence of carbonate and nitrite of which
the nitrite could be almost entirely removed by re-
peating the process of dissclving the sample in water
and allowing the octahydrate to precipitate. A medium
intense band at 885 om™1 appeared which could not be
assigned to either carbonats or nitrite, but it tended
to be removed upon trituration of the sample with absolute
ethancl, Whether thls band was due to NaHN202 was not
Investigated further. This line was reported by Kuhn
and Lippincott (9, p. 1820-1821) but they did not give
it an assignment.

The yleld was about 19 percent of the theoretical
yield.
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water by circulating the NaNO,_ filter solution through

2
the filter jacket., The filter solution was in turn
cooled by passing tap water through a colled glass tube
immersed in the filter solution.

The exposure was made for one half hour with 15.0
amperes passing through the lamp. On the same plate
samples of 1,00 M Na2003 in 1.00 M NaOH, 0.50 M Na2003
in 1.00 M NaOH, and 0.25 M Na2003 in 1.00 M NaOH were
exposed for the same time-~one half hour. Along with
these exposures an internal standard for the plate emul-
sion was made by exposing carbon tetrachlorlde for a
range of times from two seconds to forty seconds with the
lamp operating at 10.0 amperes. A more complete dis-
cussion of the use of an internal standerd is given on
page L1.

The Na2C03 exposures had two purpcses. The firsat
was to quantitatively estimate the concentration of

Na,CO., in the hyponitrite sample (the carbonate 1065 em™1

2
line 3&5 used for this purpose), and the second was to
determine irf the Na2003 could introduce any other lines
besides its 1065 cm™l at the concentration present in the
hyponitrite sample. Using the internal standard a plot,
page 25, of the concentration of Na2003 versus the

equivalent time (see page ;3 for an explanation of

equivalent time) is shown on page 2!y . From this graph

the estimated Na,CO. concentration turns out to be about

273
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0.80 M. Even with 1.00 M Na,CO, weak lines at 692 em~1

-1

3

and 1115 cm — were not observable in its spectrum., If

either NaN02 or NaNO3

should have appeared at 1331 em™ L for NaNO, and 1055 cm

appeared as contaminantes, lines
-1

for NaNOB. NaNO3 has weaker lines at 720 om'l, 1381 em™1
and 1414 em™l. The absence of NaN02 and NaNO3 was also
confirmed by the infrared spectra.
Material Opacity Egq. Time
(Ng 5 2.00 14.0
—M 3 1.23 6.0
M 003 1.545 10.03
1M 003’ 2.1 16.6

The graph on page 31 shows a dlagram of the infrared
spectrum in the rock salt region. The Na2N202 absorp-

tions were run as Nujol mulls while the strong Nazco
-1

3

absorption at 1450 cm and the water absorptions around
30003600 cm'1 were run as perfluorokerosene mulla. Due
to the inherent Nujol absorptions perfluorokerosene was
used as a complementary mulling agent. Thua, in a per-
fluorokerosene mull the sample was scanned from about

'lcuh

1200 cm ™t to 1600 ecm™l to bring out the 1450 cm
bonate band and from about 2800 em~1 to 3600 cu~l to give
a clearer indication of the broad water absorption region.
The diesgram, of course, does not show the absorptions

due to Nujol or perfluorokerosene. Thus, the absorption

bands shown may be assigned as follows:
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NagNZOZ NaECO3 EZE
630 em~1
867 cm~1
880 em™t
1020 em™1
1450 em™t
1690 cm~1

3000-3600 em™L

The graph on page 30 shows a drawing of the percent
transmittance of the Raman plate spectrum i1llustrsting
the relative peak intensities. The scan was not carried
further than sbout 1600 ¢m™l because no lines besides
broad diffuse bands assignable to water or OH™ were
observable. The line at 220 cm'1 was caused by the
4358a° Hg line. This was apparent from observation of
the plste 1itself. Thus, the lines seen may be assigned

as follows:

Na2N202 Na2003
692 cm~1
1065 em™t
1115 cm”t
1383 em™~1

One might also suspect that the decomposition
products of the hyponitrite ion could yield a sufficient
concentration to give a faint Raman line. NZO has strong
lines at 1286.5 and 2223.2 em™ (8, p. 277). Thus,

dissolved gaseous N20 could not have accounted for either
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the 1115 em™ or the 692 cm™! 1ines. Also HN,0,” and
H2N202 could have possibly given new or shifted fre-

quencies from those of N The addition of O0H™ to

202_.
the hyponitrite solution reduced drastically the con-
centration of these specles and decreased the probability
that 1115 cm'l or 692 em™! could have been assigned to
them. Page 32 shows a photographic reproduction of

part of the plate which shows the hyponitrite lon
spectrum. Also shown is the spectrum of the 1.0 M

sodium carbonate and xenon and krypton reference spectra.

with the xenon and krypton spectrs mercury and iron

lines may slso be seen.,
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CARBON TETRACHLORIDE

b7

Line (em {{ opacity Average
218 2.35 2429 2.29 2430 2.27 2.30
31k 2.63 2.68 2.53 2.61 2.57 2.60
459 1.2y 1,26 1,26 1,21 1.22 [ 1-24
Line (em™1) J Opacity Average
31 3.33 3.0 3.20 3.11 3.08 3.09 3.20
1456 7.48 7.64  6.97 6.82 6.61 6.42 | 6.99
Line (cm"l) Equivalent Time /00 Pt ¢
218 )| 9.55 «795 .83
1 12.0

314 10.5 810 .82
4 12.5

459 ) 3.75 .163 -Olly
L 23.0

# (L, p. 268-27Y)
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BENZENE

Line (cm~%t) Il Opacity Average

606 1.31 1.3 1.28 1.26 1.29 1.25 | 1.29
992 3.00 2.97 2.91 2.90 3.05 3.12 | 2.99
1177 1.42 l.46 1.42 1,38 1.35 1.36 1.40

Line (em™1) L Opacity Average

606 1.33 1.33 1.34 1.34 1.38 1.34 | 1.34
992 | 2.1 21.1 19.4 19.1 21.1 18.3 20.0

1177 1.50 1.50 1,52 1.50 1.45 1.4k |1.48

Line (em™1) Equivalent Time /% f% "
606 || 5.00 .883 0.8
1 5.65
992 | 1.3 .246 0.0k
1 58.2
1177 || 6.20 .910 0.8
1 6.80

# (4, p. 268-274)
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CHLORCFORM
Line (em™1) [| Opacity Average
262 2.60 2.58 2.65 2.41 2.41 2.53
366 1.35 1.3, 1.35 1.34 1.36 1.35
668 1.18 1.17 l.22 1.21 1.18 1.19
Line (cm-l) L Opacity Average
262 3.05 2.93 2.72 2.93 3.23 3.43 |3.05
366 3.64 3.63 3,58 3.55 3.98 .02 |3.73
668 3.80 3.88 3.77 3.88 .08 17 3.93
-1 N
Line {(em™ ) Equivalent Time f% {% ™
262 || 20,6 .877 .86
iR 23.5
366 || 8.50 .313 .18
1 27.2
668 | L.50 154 .08
1 29.3

# (h! Pe. 268‘27h)




OPACITY

8...
INTERNAL CALIBRATION FOR
CHCl., PLATE
6-. 3
L+
3 e
2 L

(VS o
‘F‘—qp Q
0\-

8 10 15 20 30 10
TIME IN SECONDS

2s







15T INTERNAL CALIBRATION FOR

AQ. N32N202 PLATE

OPACITY

$ + $ -+
8 10 15 20 30 40
TIME IN SECONDS

N-.
W
£ o
o)}




55
CHAPTER VI

THE GF MATRIX CALCULATION OF THE FORCE CONSTANTS
OF THE HYPONITRITE ION
Let
(17) N _
Gep' = > MuSta* Sp'of
(=1 (22, p. 61)
wheregtu is defined as follows: "The direction of §£d
is the direction in which a given displacement of atom &
will produce the greatest increase of S;. The magni tude
of EEQ‘is equal to the incresse of St produced by a unit
displacement of the atom & in this most effectlve direc-
tion." (22, p. 55) The quantity Aol is the reciprocal
mass of atom o . Then 1t can be shown "that the kinetic
energy of vibration can be written in terms of internsal
coordinates in the form
(18) 2T = tZt' (G™1)  18¢Sgr "
(22, p. 63)
where the matrix G~ is the inverse of G. "If the poten-
tial energy 1s expressed in the same iInternal coordinates

so that

(19) 2v=§,Ftt. S¢Ser

Fit' belng the force constants, the vibrational problem

leads to a secular equation" (22, p. 64)
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(23 continued)

VP oT23 o
Sg = Vg ray 0

Then the Ett' vectors may be written as follows: (8yy' 1s

a unit vector from atom o to atom ('.)

(24) 817 =0 85, = 8y 837 = 0
B1p = 83  8pp = -8y 83p = 0
Byq = -632 B3 = 0 854 = 'ESM
glh = 0 §2u = 0 53& = 8y,

- T, [8270080; + &
e - \/?2_2( 32
12 SIN 0y
EL _ /r23 (521008d1 + 332)- T, (-632003011-321)
< ris SIN oy Toq SIN o 1
- r 320080l -85
b3 J—PITB SINO,

- r3) 32003 ol
N Tos T SIN 0(2
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(24 continued)

_— _:-_3_& (Eézcos d2'§3u) '112_3 Smcos 012-632>
53 51 ST oL Ty N SIN K
i, = 23 ( 84,008 o, '°32)

T3, SINo(2

Thus, the G matrix for the hyponitrite ion may be
constructed from equation (17) and equations (24)

1 1
(25) Gll =~ 4 —
my T my

COSdl

G12=\_—

13 m

G— - -
1 —

P12 M
g = - a3 SINA,
1

T, My

1 1

G.. =0

23
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