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·' 

· Intro<'luction 

. . 

The heats_of dissociation of N2, CN, CO and many other important 

molecules have not been unamb~guously determined. The two main methods 
'· 

used to measure the heat of dissociation were spectroscopic and electron 

impact. 

In the spectroscopic method; the energy levels of the molecule are 

determined and from this knowledge the c'!issociation limit is obtained. 

The dissociation limit is the energy required to take a molecule from 

the lowest possible energy state (ground electronic, vibrational and 

rotational) of the molecule to the condition in which the atoms can just 

be removed to an infinite distance apart. The resulting atoms are 

eithe~ in t~e ground state or in an excited state. The dissociation 

limit is equal to the dissociation energy, if the re.sulting atoms are 

-normal. If the resulting atoms are excited,. the energy of· exc.itation 

of the atoms has to be subtracted from the dissociation limit to yield 

the dissociation energy. Usually the state of the products. of the 

dissociation are not known. There are usually quite a. few possible 

excited states of. the atoms which must be considered. 

In the electron impact method one usually measures the.appearance 

of the ion. Taking nitrogen as an example: 

N2.( g) 

e- + N+(g) 

Adding 

= N+(g) + N(g) + e

= N(g) 

This is the appearance potential. 

Then knowing the ionization of 
the atom, 

and adding the two equations one 
gets the dissociation energy, 

if the atoms obtained from electron impact are not exci~ed electronically 

or kinetically •.. So it· is seen that here, as in the spectroscopic method 

some. assumption as to the state of excitation of the dissociation 
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products has to be made. Thus we see how it is possible to get sev~ 

eral values for the heat of dissociation. 

The heats of dissociation of several of the above discussed 
; . l 

molecules can be related~· If srifficieht data.can·be obtained, the 

rel~tio:riship between the data for the various molecules will allow 

all t·o ·. be resolvede 

We are endeavoring to obtain data to help complete the cycle 

involving N2 and CN o ... .-- .. _,.· ....... ~ ,_,. .... ~···~ -~'8 . .. ~ .. -· 

I 2C(gr) + N2(g) = 2CN{g) AH = a 

II 2C(g) = 2C(gr) AH = -2AHs 

III 2CN(g) .... 2C(g) + 2N(g) AH = 2l?cN 

Adding . I+ II + III . N2(g)= 2N(g) AH= a -2AHg +2DcN -~ - . 2 

This gives us a relationship between DeN and 11i2 • AHs is the heat 

of sublimation of graphite which has been determined. by Brewer, Gilles 

and Jenkinse(l) · Reaction III is the dissociation of CN(g) into its· 

gaseous atomso The dissociation limit for this reaction has been 

determined by Schmid, Gerg and Zemplerie (:Z) · The Ali of reaction I was 
' .. . . . .....~ - ~-

determined in the present research by measuring the variation of 

the equilibrium constant with temperature. 

Discussion of the Method 

From well known thermodynamics, it can be shown that: 

R dln K _ -AH 

-. ·. T 
. . . 

So if ln Kp is plotted against-~ the slope of ~he curve at each value of 

(1) L. Brewer, P. Gilles and F. Jenkins, Jo Chem. Phys. 16 797 (1948) 
,, / 

(2) Ro Scbmid 9 Lo Gero and J. Zemplen, Proc. Phys. Soc. 2Q 283 (1938) 
• . ' .• ~ . ·. ·•. ·"";" ....... ~ Y' ..... • ' .. . ' . 

•• 
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T determines ~ at that temperature. The N2 pressure was measured with 

a mercury manometero The CN emission spectrum was used to evaluate the 

CN pressure. The assumption was made that the intensity of a particular 

emisslon band head (here the o, 1 band) is proportional to the concen-

w t~atiori oi CN molecules in that particular excited state. This means 

we are assuming that the transition probability is independent of tempera

ture and concentration; in short we are assuming that a certain fixed 
... 

fraction is taking part in that transition. If the transition probability 

depends on concentration one would expect a broadening of the b'and at 

high temperatureso This was not the case even when the band head width 

was magnified 10 times in the microphotometer ·tracingso Another experi

ment was performed in which the nitrogen pressure was varied a factor of 
•. 

5, still the width 10 times magnified was the sameo The CN pressures 

are computed from the concentrations obtained by using the ideal gas law. 

Experimental 

The CN was produced in a King type furnace by resistance heating. 

The heating element was a graphite tube (National Carbon Co. C-18) 12 

inches long and about 3/4 inch diameter. It was so machined, by trial 

and error, to give a uniform temperature zone in the middle of the tube 

for about 6 inches and slightly higher temperatur·es at the· ends of the 

uniform temperature zone. We started out with about 10° higher but at 

the end of 2 runs we have about 50°. Diffusion was believed to be cut 

down by this temperature variation and also by the insertion of two small 

graphite baffles 1/2 inch in diameter, 1/2 inch in length at each end of 

the uniform temperature zone. The graphite is heat insulated by means 

of graphite cylinders which are electrically insulated from the copper 

end plates by mica washers and quartz rods. A vacuum line is attached 

to the furnace so that the tube can be evacuated and s-q.bsequently heated 
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in an atmosphere of nit::ogeno The power is suppliert by a 220 volt aoCo ···· 

lineo By means of step=down transformers and a powerstat the voltage 

could be so regulated as to yield steady furnace currentso Furnace 

currents user'i ;d'tlring a, run varied ordinarily from 500 to 700·.amps though.' 

the capacity is up to 1000 amps. The copper parts of the furnace were 

cooled with two water circuits of 3/8 inch tubingo The two optical 

quartz windows which were sealed in with dekhotinsky were kept cool with 

1/4 inch copper tubingo For a more detailed description of the furnace. 

and the electric circuit see Paul Gilles's thesis "The Vapor Pressure 

and Heat of Sublimation of Graphiten~ University of California., Summer 

1947 0 

The original optical train was as follows~ first the optical 

pyrometer~ then the furnace 9 then a diaphragm with a 1/16 inch hole~ 

then a holder for wire screens and finally the Hilger glass prism 

spectrographo The purpose of the diaphragm was to cut down radiation 

from the walls of the graphite tubeo The screens were·used to cut down 

intensities o In the pres.ent research not only the furnace was clampe;d 

down on the table as Gilles had done, but also the telescopic part of 

the pyrometer and the spectrographo The clamping of the telescopic part· 

j• 

of the pyrometer was considered especially important by the author, becau~e . 

the cone of light from the gas inside the tube w&s extremely small (barely 

the area of the pyrometer lens} due to the baffles and only in this way 

could one be certain that the whole pyrometer lens was filled with lighto 

The Leeds and Northrop pyrometer used had been previously calibrated by 

the Bureau of Standardso All spectrograms were taken with Eastman Kodak 

IIa-0 plateso 

Starting with a new tube it was first degassed in vacuum by heating 

to about 2600°Co before it was used in an experimento A run was made as 

follows~ the tube was evacuated and subsequently heated in a quarter 



! 

·• 

-7- UCRL-529 

atmosphere of N2• Five minute exposures were taken at 50 degree intervals 

between 2200()C arid 2600°C. The N2 pressure was read before and after 

each' exposure. The temperatures of the uniform temperature region were 

read at the beginning and end and during each exposure. For each expo-

sure at least one reading was made of the hotter end region to get an 

idea of·the temperature gradient involved. At high temperatures the 

intensities were cut down with the wire screens. Then a set of calibre.-

tion marks was put on th,e same plate by running the tungsten bulb at 

constant current from 2 storage batteries and cutting down the intensity .... ,. 
. .. 

of the beam with screens ranging from about 2% to 100% tra.nsmissiono 

These calibration marks were only put on after cooling the furnace and 

removing the window facing the optical pyrometer. The window was removed 

and the bulb put in front of the open furnace, so that the optical system 

traversed by the beam of light would be the same as that traversed by 

the CN beamo The plate was then developed for 5 minutes with D-19 

developero !twas brushed with a cotton wad during development so as 

to reduce the Eberhard effect. The densities of the CN spectra and 

calibration marks were traced with a Zeiss recording microphotometero 

Before we are sure we can use this procedure for a heat measurement 
. . ~ ' 

we must .ascertain that we do have equilibrium. To check for equilibrium, 

two exposures were taken at the same temperature, but changing the 

nitrogen pressure a factor of 5 ( .2 atm to 1 atm)., . The same Kp was 

obtained within experimental error. 
0 

The linear dispersion of the apparatus is about 30 !_around 4200A. mm 
A line due to an impurity which would fall within several Angstroms of 

the band head could not be distinguished from the band head in an experi

ment. Thus the intensity we would measure would not be only that due to 

CN, but also that due to the impurityo A check was made to make sure ... 
there is no line due to an impurity which would fall on the band head • 

• !,, 
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Taking an emission spectrum of CN every line in it was identifien. o Tne 

different lines belonging to an element were then assigned to the 

different multiplets to which they belongedo Thus it was.foun,d.that the· 

Ti line at· ~ 3882 o9 was a missing line· of a multiplet;. . Therefore the 

0, 0 band head of CN at i\ 3883 has also a line due to Ti ,on it and can 

·not be used for the heat determinationo The O, 1 band head at A4216 
.. 

was found to be free from impurities and was used in.the heat determina-

tiono 

The King furnace should cause only thermal excitation at our high 

pressures and low voltages o Excitation due to electron collisions can 

occur at very low pressures where the electrons nave a long mean free 

path, but should be of no importance under our co~ditions o However we 

wished to check thiso 

To be sure there was no· electron impact though we checked it 
.. 

experimentallyo We c'ompared the vibrational temperature with· that: read 
. . -. ' 

with the pyrometero The method used to determine the vibrational 

temperature was· that described by Ornstein and Brinkm~no ( 3 ) 

If there is temperature equilibrium we ha:ve: 

I = intensity 

A = constant 

Evr = initial vibrational energy. 

;V = frequency 
-

(1) 

Pv'v" = transition probability from initial 

vibrational state v 1 to vn 

(3) Lo So Ornstein and Ho Brinkman~ Proco Acado Scio Amsterdam, 34 
l, 33 (1931) -

l 
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A straight line was obtained for the different sequences' 

by plotting iog rJI 4 vs Ev 1 o This means that I 4 is proportional to 
. ~ 

Ev', therefore the transition probabilities Pv'v" in each sequence are 

proportional to e-aEvt o 

So now we c·an use equation (1) to obtain the temperature T. 

I Log 4 . was plotted against Ev, • See fig. I and II. This was done 
1/ Pv .. ' v" 

for 2 temperatures. The data for T = 2555°K are in table I, those for 

T = 2633°K in table II. These temperatures are those read with the 

optical 

v' v" 

0 1 

1 2 

2 3 

3 4 

v' . 

0 

1 

2 

3 

pyrometer and corrected for the 

Table I 

~ -v4sec-l I 

4216A 25.6-<1058 17.5 

4197.2 26.3 9.6 

4181.0 26.5 3.7 

4167.8 26.9 1.8 

T = 2555°K (pyrometer) 

Tvibr = 2527°K from Fig. I 

.. 

window absorption. 

I 

.E. _.y4E. Ev' cm-l 

.. 055 1243 0 
" 

.095 384 2113.9 em 

.12 116 4181.9 

.15 44.7 6189.8 

Note: the values of p were taken from Ornstein and Brin~an.( 3 ) 

Table II 

I 

v" I v4p Ev• 

1 41 .. 7 2962 o .. 
2 20 .. 7 828 2113.9 

3 8 252 4181.9 

4 4.3 107 6189.8 



T = 2633°K '(pyro-meter) 

T = 26~0°i-f~om slope of Figo II 

Not~: A., /Q4 and p are the same as in, Table I o 

We see that the vj_brational temperatures agree with tho$e :r·ead· with 

the optical pyrom'eter ·to l~,jl which is the experimental accuracy of these 

experiments o 

Since we have equilibrium and do not have either a line due to an· 
·, 

impurity nor any excitation due to .electron collisions we can use. the ... 

intensity of the 0, ·1 band head to get the heat of formati6n of CNo 

The intensities of the CN band head were computed by the following 

procedureo A calibration curve was obtained by plotting 1 vs the trans-
l.o 

mission of the screenso The quantity f
0 

is really the tra~smission of 

the calibration marks since 10 is the distance from "clear plate" to 

"blacku on the o.icrophotometer tracing and i is the distance fr.oin the 
:. . 

peak of the band head or the darkening procluced by the calibration marks 

to "black" on the microphotometer tracingso Knowing i r'or the CN band 
0 

head the intensities can be read off the calibration curveo Graph 3 

shows such a calibration curve for the wire screens o The screens we.re 

calibrated for transmission with a photomultiplier tube and.using the 

same optical train as in the CN experimentso 

To get a heat from the intensities certain substitutions were made 

in the vanct Hoff isochore to straighten out the line by taking into ac
.-~. 

count the variation of 6H with temperatureo 

We start with the van 1 t Hoff isochore: 

=b.H T (2) 

· As mentioned above 9 the intensity was assumed to be proportional to 

the concentration of CN molecules which is in turn proportional to Po 
T 
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Thus we get: 

PCN = kTI (3) 

where k is a proportionality constant and I = intensity of the band head. 

To account for the fact that ~ is a function of temperature we made the 

following substitution: 

~T::: ~2750 + ~CP2750 (T - 2750) (4) 

substituting equations (3) and (4) into equation (2) and integrating 

equation (2) we ge.t 

::: -2750 ~CP2750 - AC ln -T 
T P2750 

+ ~2750 + R ln k + M 
T 

(5) 

M is a consta.nt of Integration. For the purpose of plotting the data we 

used a quantity ~which is obtained by rearranging equation (5). 

R ACP2750 z::: -(R- ~C ) ln T + 2 ln PN
2 

+ 2750 T 
P2750 

-R ln I = ~2750 + R ln k + M 
T 

~lotting ~ against ~ we should obtain a straight line the slope of which 

gives us &I27·50 • &I2750 was chosen, because it . is in the middle of the 

temperature range usedo The ~Cp used was computed as follows: 
2750 

AC = Cp - ~21 p - Cp = 4.97 - 4.41 - 6.34 = -5.78 
P CN N2 graphite 

All these values are at 2750°K. The values for Cp 
N2 

and c · were 
Pgraphite 

taken from ''Selected Values of Chemical Thermodynamic Properties" National 

Bureau of Standards, Series 3, June 30, 1948. CpCN was taken as ~ R since 

we made the assumption that CN was in a sihgle "average" quantum stateo 
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The resolution of the apparatus was not good enough to use just one line 

of the band heado A single average state was assigned to the band head 

with rotational energy between the limits of energy of th~ li"nes contri

buting: to the most intense part of the band heado This energy difference 
\ 

is .so small that our average state will have a heat capacity of 5/2 R., 

The~ plot for one run is shown in Fig. 4 and the data for it are in 

Table 3. The radius of the circles represents a 5° error in the tempera-

ture readings. The &I2750 for run No. 11 was 155.5 kcal. . The &I2750·-f·or 

run No. 12 gave 168.5 kcal. The straight line obtained for run No. 12 was 

just as straight as that for run Noo 11. This discrepancy is due either 

to an error in temperature or in the int.ensity. 

The uniform centre region actually had about a 5 degree gradient., 

It also is just about impossible to read temperatures above 2500°C to 

better than 5 degree accuracy. If we assume an error of 5 degrees at each 

end of the slope and in opposite direction, it would introduce an error 

of 2 kcal in the heat. So the temperature obviously does not intronuce an 

appreciable error. 

So we decided to investigate the intensity., It had been found as i's 

also shown on Fig. 3 that the wire screens do not give smooth calibration 

curves. There was always a scattering of points and for different plates 

dtfferent screens seemed to scatter., Diffraction of the screens wa.s also 

suspected, but had been believed to be compensated for by calibrating the 

screens in the experimental set up usedo 

To see if the scattering of points of the calibration curve is due 

to the screens or the rest of the procedure and also to see if they gave 

'the right calibration curve the following experim~nt was devised. 'We 

took a tungsten bulb used to calibrate pyromete~s and by varying the currez 

through it a set. of calibration marks was marl.e 0 Then we ran the bulb. at 
constant current (the current used a.s lOO%.intensity} and cut down the 
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'" 

Exposure 

1 

2 

3 

4 

5 

6 

7 

8 

9 

T°K -(R -6?P)1nT 

2520 -60.851 

2597 -61.085 

2659 -61.268 

2669 ~61.298 

2733 -61.L81 

2793 -61.651 

2851 -61.810 

2901 . -61.946 

2749 -61.527 

Table 3 

PN 2 R 
~ -lnPN 2750ilC;e 

2 2 

.2855 -1.246 -6.308 

.2901 -1.230 -6.121 

.2934 -1.218 -5.978 

.2954 -1.212 -5.955 

.2980 -1.203 -5.816 

.3007 -1.194 -5.691 

.3033 -1.185 -5.575 

.3063 -1.176 -5.479 

.3059 -1.177 -5.782 

l -R1ni 

5.4 -3.351 

13.0 -5.097 

. 28.0 -6.622 

33.7 -6.990 

70.7 -8.463 

1"04.5 -9.239 

174.0 -10.253 

282.0 -11.213 

74.3 -8.562 

~ 

-71.7 56 

-73.533 

-75.086 

-75.455 

-76.963 

-77.775 

-78.823 

-79.814 

-77.048 

1 
T 

3.968 X 10-4 

3.851 

3.,761 

3. 7 47 

3.659 

3. 580 

3.508 

3.~47 

3.638 

I 
....... 
c.N 
I 

Cl a 
~ 
I 
(Jlj 
l\) 
co 
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intensity with the wire screens and made another set of calibration 

marks on the same platee The intensities corresponding to the differ

ent currents were calculated using Wienus law 

--_..; 

E4216 = emissivity at 
2 

c1 = ~he = conste 
he 

c2 =k 
/.. = 4216A 

-·,'::{:" . 

T = true temperature 

4216A 

. .: ··''-'.,.· .. .-- .. -~.·-·-· ......... -- -- ... 

The emissivities used were taken from Forsythe and Adamso( 5 ) 

For the pyrometer bulb we know cur~ent vso Brightness Temperature 

which is the temperature as read with a pyrometero To convert Bright-

ness Temperature to true temperatures the fo~lowing formula was used: 

1 1 ) ln E665 -= 
T 8665 c2 

T and c2 are the same as aboveo 

E665 = emissivity at· ·6650A 

S
665 

: the Brightness Temperature at 6650A 

~ = 6650A which is the wave length at which the 

pyrometer reads temperaturese 

In order to get sufficient darkening for the low intensities the 

current used for the highest intensity was 28o9 amps and Table 4 gives 

the intenmties calculated for the different currents with Wienis Lawe 

To supply this much current to the bulb~ 3 sets of 3 batteries in series 

were put in parallelo Then in order to regulate the current suffi-

ciently well 3 resistances were used in parallel one rated for 30 ampf 

· ····.,.·,_rv·.~•··~-·-.--.... --

(5} Wo Forsythe and Eo Adams$ Je Opto Soce 35 9 108 (1945) 
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Table 4 

Ttrue TBri~htness Amps Reading Intensity 

2560uK 2323°K 28.9 46.45 100% 

2500 2274 27.85 44.75 7.2.4 

2452 2233 26.9 43.25 55.20 

2400 2192 26.03 41.8 41 .• 50 

2305 2109 24.3 39.00 22.9 

2250 2068 23.5 37.6 16.2 

2200 2026 22.60 36.00 11.00 

2140 1976 21.75 34.75 7.49 

2100 1943 20.95 33.4 5.53 

2000 1860 19.4 31.0 2.47 
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one for 20 amps and the last one for 3 amps. The Ammeter used was a 

Weston Do C. Ammeter Model 45 which had previously been calibrate(! 

against a K 1 Leeds and Northrop potentiometer. 

The calibration· curve obtained by varying the current and cal

culating the intensities from ·wieni s Law was very nice ann. smooth as 

shown in Fig. 5. This is just one example of several runs madeo The 

calibration curve obtained by cutting down the intensity with screens 

alwa·ys showen-·scattering of the -po-ints. The two curves _d_id not c.o-i.ncide, 

but were actually within experimental accuracy. It is obvious then 

that the scattering of points was due to the screens and not to the 

photometric procedure. Since the screens did not seem to be as repro

ducible as was desired it was decided to use filters to cut down 

intensitieso These filters are pieces of glass on which are deposited 

metal films of chromel A of varying densities. These filters were 

made for us by Dr. Harold Weaver at Lick Observatory. At first the 

filters also gave a scattering of points for the calibration curve. 

But after· designing a holder for the filters so that the position of 

the filters is exactly repronucible the calibration curves obtained · 

were nice and smootho Now two sets of calibration marks were put on 

the same plate~ one obtained by varying the current 9 the other obtained 

by keeping the current constant and cutting d0wn the intensities with 

the filters. The two curves obtained coincide as shown in Fig. 6. 

The curve is drawn through the points calculated from Wienus Law and 

it is seen that all the points except one obtained with the filters 

lie on that curve. That filter was not used in the subsequent 

experiments ~ 

Now some runs were made to determine the 6H of CN~ but using the 

filters inst-ead of the screens. Quite a dark background ·was obta.-:tri"efdo 

So another diaphragm with a 3/8 inch hole was centered on the filter 
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holdere This way the background was practically eliminated, anyway 

it was about the same as with the screenso Several runs were made 

with the filterso The till obtained by least squares were 160.5 kcal 

and 159o5 kcal. These results are certainly consistent. Let us 

examine 9 however~ what the sources of error are. 

As mentioned previously the error in temperature readings amounts 

to an error of 2 kcal in the heat. 

The next question is .9 does the temperature gradient at tlie end· of 

the uniform temperature zone introduce an error? In the following 

table are tabulated the different heats and temperature gradients. 

t:JI2750 (wi.th screens) 

157 kcal 

155o5 

168.5 

With filters 

159.5 

160.5 

Temperature gradient 

50 ~ 70° 

10 ~ 30-

30 ~ 50 

35 - 50 

10 - 30 

It is clearly seen from the table that there is just a scattering of 

values for the different temperature gradien~s. Therefore the 

temperature ~radient is not a source of error. 

The error in the intensity is about 5% which introduces an error 

of about 2 kcal into the heato To lessen the error due to intensity 

the CN spectra were taken so as to produce the same density on the 

plate. 

The reproduci.bility of the microphotometer tracings is about 

3 kcal. 

Thus the total probable error is ±5 kcalo The t:Ji which we obtained 
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experimentally is for the following reaction~ 

C(gr) + ~ N2Cgl = CN (excited gas) at 2750°K 

AH2750 = 160 ± 5 kcal 

UCRL-529 

To get the 6H for the above reaction with CN gas in the ground state
1 

the electronic 9 vibrational and rotational excitation have to be 
and vibrational 

subtracted from the experimental AHo The electronicl'excitation is 

25 9 797o85 em=' which is 73o7 kcalo The rotationa:l energy,was .obtained 

as previously mentioned by assigning a single "average" state to the 

CN with rotational energy between the limits of energy of the lines 

(J = 16 to J = 26) contributing to the most intense part of the band 

heado The rotational energy thus evaluated amounted to 2.,8 kcalo 

So now we have for the reaction~ 

1 C(gr) + 2 N2(g) = CN (g, ground) 

~§~g~nd = 160 = 73.,7 ~ 2o8 = 83o5 kcal 

_ To get the heat of formation of CN a.t 0°K we have .to subtract the heat 

content of the substances involved in the reactiono 

for C(gr) and~ N2(g) were taken from "Selected Values of,Chemica.l 

Thermodynamic Properties" National Bureau of Standards» June 3,0, 1948 o 

The heat content of CN ground state is merely the translational energy 

and is therefore ~ RT., 

-o 
so AH0 ~ 83.,5 + 10o8 = 94.,3 kcal 

Thus for the reaction 

~0 = 94 t 5 kcal 
0 
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Applicat.ion 

As mentioned in the introduction we can use the heat of formation 

of CN to get the dissociation energy of N2 .. 

A mu·Jl.ti tude of values ranging from 5 e. v. to 12 e., v. have been 

proposed by different investigators for the dissociation energy of 

Levels of the ground state of N2 have.been observed Up to 

v = 26 at 6o33 e .. v. We know therefore that we do not have any 

dissociation below this value., This gives us then a lower limit 

for the dissociation energye 

When the discrete term spectrum of one electronic state overlaps 

the continuous term spectrum of another electronic state there is 

the possibility of a radiationless transition from a discrete state 

into the continuous state lying at the same energy. If the continu-

ous state corresponds to a dissociation$ then the molecule disso

ciates after the radiationless transition.. This process is called 

predissociatione ~xperimentally$ one sensitive criterion for 

predissociation is to notice the breaking off of the band system in 

emission at a definite vibrational quantum number v'.. The predis

sociation limit corresponds either exactly to the dissociation 

energy or it may lie higher.. So one can get an upper limit. for the 

dissociation energy., 

Kaplan( 6 ) found that no bands were observed above vv = 4 in 

the c31f u level of N2 .. 

:stittenbender and Herzberg( 7 ) showed that this predissociation 

(6) J .. Kaplan.~> Phys .. Rev., £1tl406 (1931) 

(7) G .. Buttenbender and G. Herzberg$ Ann. Phys., Lpz .. ~P 57~ {1935) 
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occurs at 12 .. 145 e. v.. Considering the 3 lowest lying levels of 

atomic nitrogen the predissociation limit in c1fu leads to 

~. ~ l2ol45 e .. Vo; 9o76 eo Vo 1 ffo57. eo Vo~ 7o38 e. v. Other still -.w2 

· lower values can be eliminated because they lie below the highest 

vibrational level of the ground state. The high value of 

~2 = 12 .. 145 e .. Vo can be eliminatedll because another predissociation 

which produces just a weakening and modification of the band 

structure was observed by Kaplan.. Van der Ziel (8 ) studied this - ------~. -. · 

,predissociation in B31fg in detail and found that it starts in 

around 9o84 eo Vo This leaves then the following values for DN2: 

9o76 eo Vo» 8 .. 57 eo Vo and 7. .. 38 eo Vo Vander Ziel using one 

explanation of why predissociation occurs in B3fi'g concludes that 

7o38 eo Vo is the most probable value .. Gaydon( 9 ) using an alternate 

explanation gets 9o76 e. Vo Van der Ziel has accepted this new 

interpretation.. So we see that a great deal depends on the inter

pretation· of the spectroscopic data and we are really still left 

with the three most probable values .. 

Letns see if we can distinguish between these 3 values, using 

our data on the heat of formation of CNo Now we can put actual 

values into the equation shovm on page 3o We had: 

(a) AH = a - 2.6Hs + 2DcN == ~2 

a is twice the heat of formation of CN and is 2 x 94 ± 10 kcalo 

6Hs == 170 ± o2 kcalo(l) 

(8) Ao Van der Ziel, Physica, !_JJ 353 (1934) 

Ao Van der Ziel.11 Physica.ll 4, 373 (1937) 

(9) Ao Gaydon 9 Nature, London ~' 407 (1944) 

• 
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DeN = 173 ± 2,8 kcal. 

So Dri2 = 188:!: 10 ... 2 x 170 ± .,2 + 2 x 173 ±. 2.,8 = 194 i 13. kcal. 

We had the following three possible values for ~2 

9.,76 eo Vo 7.,38 eo Vo 

or 225 kcal 197,6 kcal 170 ol kcal 

Our value for the heat of formation of eN then gives 

~2:-8.,57 eo Vo or 197.,6 kcalo 

~iere is a possibility( 2 ) that there is predissociation in the 

B2~ + of eN which gives rise to product atoms e( 1D) + N( 4s) where 

the e is in the first excited state., This would give 

DeN = 6.,24 eo Vo or 144 kcal e Theng 

DN2 = 188 - 340 + 2 X 144 : 136 :t. 13 kcal., 

We see that this is too low a value, since the highest DN possible 
2 

is 170 kcal .. The heat of_sublimation of graphite is quite a contro-
. (1) 

versial subjecte The experiments of Brewer, Gilles and Jenkins 

on e2 do definitely exclude AHs = 125 kcal., Even though 'the§ ;·do 

show from their vapor pressure measurements on e that AHS = 170 kcal, 

if there were some mistake in the Deo then one could possibly have 

AH3 = 141 kcal., Taking AHs = 141 kcal and DeN = 173 kcalJ) ~2 = 252 kcal 

'*Schmidp Gero and Zemple£.( 2} determined the dissociation limit of 

A2f1 of eN and got 173 kcal. Due to their theory of the 5s level 

of carbon they get a DeN .of only 90 kcal., But the usually accepted 

interpretation is that A3IT leads to normal dissociation
1

products 

D( 3p) and N(4s). See Herzbergns diagram in his book "Molecular 

Spectra and Molecular Structure I Diatomic Moleculeso" Therefore 

. DeN= 173 kcal., 
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which is too high. But if we take &18 = 141 kcal and DCN = 144 kca1, 

DN
2 

= 194·~ 13 kcal. This is really not so surprising, since in 

both the graphite and the CN 9 the C just goes to the first excited 

state, therefore the difference between the two heats is the sameo 

Therefore it is seen that to determine the heat of dissociation of 

N2 it is immaterial whether the lilis is 170 or 141 kcal and whether 

DeN is 173 or 144 kcalo 

-We can use now the value we get for the heat of dissociation __ ~-. 

of N2 to get the heat of dissociation of NOe 

NO(g) - 1 N2{g) 
1 ' 6H = -21.,6 kcal(lO) + 2 °2(g) - 2 

L 02(g) = O(g) Lili= 58.6 (11),(12) 
2 

.l.N2(g) 
2 

= N{g) Lili::: 98o8 kcal 

NO(g) = N(g) + O(g) Lili= 135.8 kca1 

Another application for the heat of formation of CN is to use 

it to obtain the dissociation energy of c2N2 e 

2C(gr) + N2(g) = 2CN(g) Lilio 
0 = 188 ± 10 -kca1 

C2N2(g) = 2C(gr) + N2{g) lill:O-
0 -

':"'73.6 kca1( 4 ) 

C2N2(g) =· 2CN(g) lilio= . + 
114o4 -10 

0 

White(1 3) measured directly the heat of dissociation of c2N2 

into 2CN and got 146 kcal. He estimated the concentration of CN 

(10) Berthe1ot 9 Anno Chim., Phfts 6.9 178 (1875) 
II fl fl I 20,!) 255 (1880) 

(11) R., Frerichs 9 Phys., Rev., ~9• 398 (1930) 

(12) G. Herzberg,!) Z., Phys o Chern., B 2 10 9 189 ( 1930) 

(13) Jo White 9 Jo Chemo Physo 8.9 459 (1940) 
-....-

kca1 
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radical present by using the absorption bands of CN. His heat of 

dissociation of 146 kcal gives a lower CN pressure than our heat of 

114 kcal. White assumes that c2N2 is in equilibrium with CN. He 

noticed that the CN is very short lived. One can think of two ways 

in which the CN disappears rapidly: the CN either dissociates, for 

example into C(gr) and N2 (g), or it polymerizes with c2N2 • If the 

C2N2 ) 2CN is followed by a rapid step in which the CN is used 

up as fast as it is being formed then the PeN that White measured 

is not the equilibrium pressure of CN. 

Conclusion 

The heat of formation of CN has been determined by using the 

O, 1 emission band head of CN. 

C(gr) + ~ N2(g) = CN(g) ~~ = 94 ~ 5 kcal 

Then using this value, the following dissociation energies were 

calculated. 

~0 
0 = 19'1 kcal 

D ... 8.57 e. Vo 
N2 

~0 
0 

NO(g) = N(g) + O(g) = 135.8 t 5 kca1 

. ~0 = 5.89 e. v. 

~0 
0 = 114.4 '!: 10 kca1 

D C2N2 = 4.96 e. v. 

The work described in this paper was performed under the auspices of the 

Atomic Energy Commissiono 


