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ABSTRACT

The chemical equilibrium CP(g)+P(g)=P,(g)+C(g) has been studied by
means of the Knudsen effusion technique combined with mass spectrometric analysis
of the vapor. The enthalpy of reaction. 4 Hy; . was determined as 6.3 +4.0 kcal/mole.
Combined with the literature value for the dissociation energy of P . the dissociation
encrgy of gaseous carbon monophosphide was calculated as D3¢ = 123.2+4.0 kcal/
mole or D = 122.1 4.0 kcal/mole. The corresponding value for the standard heat of
formation is AHP,43 = 127.5+4.5 kcal/mole. This compares with the selected
JANAF value of 111.7+23.1 kcal:mole. -

INTRODUCTION

Band systems that were attributed to the gaseous molecule CP were first
reported by Herzbarg'. A detailed spectroscopic analysis of the CP molecule has been
performed by Barwald ef @/.%? and its molecular constants determined. These authors
give, apparently on the basis of a linear Birge-Sponer extrapolation, a dissociation
energy of 58,000 cm™! (6.9 eV) or 159 kcal/mole for the X?X™ ground state. They
state, however, that these values cannot claim a high degree of accuracy, because of
the small number of observed vibrational frequencies. Gaydon? confirms this result
and states that linear Birge-Sponer extrapolations based on the spectroscopic data by
Barwald ez al.? for the excited states favor a similar value for the dissociation energy
of CP. Yet, he estimates that the dissociation energy of the CP moiecule, Dj is
6% 1 ¢V or 138+23 kcal/mole, without giving any specific reason for this selection.
This value has been adopted by the JANAF Thermochemical Tables®, while Herz-
berg? gives the approximate value of 6.9 eV the preference.

In view of this apparent uncertainty in the dissociation energy of gaseous CP,
a determination from thermal equilibrium measurements appeared to be desirable. In
connection with investigations aimed at the thermodynamic properties of gaseous
uranium phosphide® the CP molecule was observed in the effusing vapor from an
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uranium-phospnorus-boron alloy that cuntained also a small amount of carbon.
The results for this molecule and for the gaseous equilibrium CP+P=P,+C are
reported.

EXPERIMENTAL

The design features of the mass spectrometer used as well as the experimental
procedure have been described previously *. The sample used was the residue from an
investigation of the PN and P, molecules®. The same experimental details were
used. The onginal sample, that consisted of a mixture of UP and BN to which small
amounts of graphite and silver were added® was at the time of this investigation
depleted of its aitrogen and silver and consisted presumably of a ternary U-P-B-C
alloy.

The accuracy of tne ion-intensity measurements for CP™ (mass 43) and '2C*
was hampered by large relative background contributions. The background contribu-
tion to ihe respective total ion intensity was between 60 and 93% for the mass 12 and
>95% for mass 43. The shutter effect for mass 43 could only be measured satis-
factorily at the low-mass side of the pecak. The measurement was in addition com-
plicated by a slight continuous drift in either accelerating voltage or magnaetic field
strength. This shutter effect was attributed to the CP™ jon that was formed by
electron impact on the CP molecule in the molecular beam originating from the
Knudsen cell. Because of these difficulties and the small absolute observed intensity
values no reliable appearance potential measurement could be performed for the CP
molecule. The attribution of the measured ion current to other molecules with mass 43
that might be possible, such as BO., HBP. or B;C. is unlikely because no shutter
effects could be observed at neighboring peaks, that would fulfill the required isotopic
abundance distribution for such boron-containing species. Thus at least a major part
of the ion current is attributable to ' *C?'P. Furthermore, the chemical composition
of the system during the measurements involving the CP molecule, combined with
thermodynamic considerations, make the formation of such other primary molecules
with mass 43 unlikely under the experimental conditions used. For similar reasons,
doubly ionized molecules with mass 86 and of fragment molecules with mass 43 are
unlikely.

The ionization efficiency curves and appearance potentials for P*, P, ,and C~*
idicated that these species were primarily formed from the respective parent mole-
cuies, P. P,, and C by direct ionizaticn. An upper limit of 20% of the measured C*
ion current was estimated for the possible fragment contribution from UC, that was
also present in the vapor.

RESULTS AND DISCUSSION

The experimentally measured relative ion currents are presented in Table 1. The
dissociation energy of the CP molecule was obtained by measuring the enthalpy,
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TABLE |

TON INTENSITIES AND THIRD-LAW ENTHALPY VALUES FOR THE REACTION CP(x) + Plg)==P.(g) + C(g)
T(*K) lon intensities in arbtrary units —loz Koy AUG2— H258)'T] 4H%s

(e.ur) (kcalimole)
I(CP~) 1(P*) 1(P3) 1(<C~)

2340 1.0x10-'' 6411078 2.55x10°% 6.0x10°'2 0.622 0.271 6.0
2366 1.6x10-'! 829x%10°8 3.49x10-8 85x10-'2 0.650 0.268 6.3
2364 1.7>10"'" B808x107% 341 x[0-8 L[.I1x10"'" 0.564 0.268 6.3
2293 3.2x1071* 295x107% 830x}0"% 2.5xj0"12 0.628 0.275 6.3
2380 1.4:.x%107°% 9.66x107°% 3.83%10"% 13>I0"'! @444 0.267 6.6
2901 7.0x 1072 245% 1077 226%10-° 22.x10-'! Q.528 0.266 4

AHggs, for the chemical reaction CP(g)+ P(g)==P.(g)+ C(g), using the third law
method. In this evaluation, it was assumed that equilibrium was established among
the gaseous reactants under the experimental conditions used. The necessary free
energy functions were taken from the JANAF tables®. The equilibrium constant for this
reaction was takenas K, = I(P, ") x I(C™);I(CP7)x I(P7), assuming that the products
of the relative ionization cross sections and multiplier gains of the reactants and
products cancel each other. This assumption is believed to introduce not more than a
30% error. in view of the simiiarity of the reaction components on both sides of the
equation. The equilibrium constants, free energy function changes and derived third
law enthalpies for the reaction CP(g) + P(g) =P,(g) + C(g) are also presented in Table 1.
The average value for the reaction enthalpy. 4H2,, is 6.3+ 0.2 kcal/mole. Combining
this value with the dissociation energy D%,4(P,) = 116.9%, results in a value of
123.2 keal/mole or 5.35 eV for the dissociation energy of CP. D%,,. Correction to
0°K reference temperature, using the JANAF* enthalpy functions gives 4HJ =
6.1 kcal/mole and with DY(P,) = 116.0 kcal/mole (Ref. 4), DY(CP) = 122.1 kcal/mole
or 5.3 eV. Considering all possible errors, the uncertainty in the measurement of the
reaction enthalpies represented in Table I is estimated to +4 kcal/mole and thus the
uncertainty in the dissociation energy of CP (neglecting a possible uncertainty in the
dissociation energy of P,) is also +4 kcal/mole. The derived standard heat of
formation for CP(g). using the JANAF ancillary values is 4H? ,,5 = 127.5+ 4.5 kcal/

TABLE 11

THERMOCHEMISTRY OF GASEOLS CARBON MONOPHOSPHIDE

Reaction Enthalpy (kcal mole) Reference

CP(g)+ P(g)==P.(g) + Cle) AHDe = 6.3+4.0 This investigation

C(graph.) + Pired)y==CP(g) AHS 108 = 127.5-:-4.5 This investigation
JH{.zqs = 111-7_‘1_‘23.1 4

CP(g)=C(g) + P(g) Dy = 122140 This investigation
DY = ~159 d
D3 = 15923 3
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mole, which compares with the value of 111.74+23.1 kcal/mole that was adopted by
the JANAF tables®. The thermochemistry of the CP molecule is summarized in
Table II.

The value for the dissociation energy of CP measured in this investigation is
considerably lower than the approximate value given by Herzberg® and lower than
but within the given uncertainty of the value estimated by Gayvdon®. This low value is.
however, not so unexpected if one assumes the same analogy for the dissociation
energies of CP and CS as for those of CN and CO. On the basis of the JANAF?
values for the dissociation energies of CS, CN, and CO one obtains by equating
DYCP); DYCS) = DYCN)/DYCO) a value of 5.3eV for DJY(CP) which coincides
with the experimental result of this investigation. The low experimental value also
appears reasonable in that it falls between the dissociation energies of the diatomic
molecules of the component elements™ of 6.15 and 5.03 tor C, and P,, respectively.
As Table HI shows it also compares favorably with the dissociation energies of the
isoelectronic molecules BeCl, BS, and SiN.

TABLE Il

COMPARISON OF DISSOCIATION ENERGIES OF MOLECULES ISOELECTRONIC WITH CARBON MONOPHOSPHIDE

Compound Dissociation erergic Reference
(Dg. ey)
BeCl 4.5:-0.1 4
BS 5.1+-08;6.2--0.3 4;9
SiN 59107 4
CP 5.3=02 This investigation
6.0=1.0 3
~6.9 s
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