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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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A COMPARISON OF THE INTERWAL ENERGY OF P), MOLECUIES "
PRODUCED BY FREE SURPACE SUBLIMATION AND BY EFFUSION

Raymond.w. Mar and Alan W. Searcy

Inorganic Naterlals Regearch D1v151on, Lawrence Radiation Laboratory

. Departmcnt of Materials Science and Ingineering, College of" nnglneerlng

- University of Callfornla, Berkeley, California

As far as we are aware, the only reported attempt to detect internall:_.

"~enetgy of excitation in evaporating molecules is that’of-Broﬁn, Brewe;,
1and'Klemperef;l who sought eQidence‘for excess vlbrational energy in |
l:iodine molecules'pfodueed in free surface sublimatlon.' Eut the eppafentll'
tenthalpy of:actiVation for iodlne sublimation is-less than the enthalpyt ”
o the equillbrinm reacti_on._2 A recent theoretlcal analysis of evanoréf‘il
| tien kinetics5 indicates that in this cireumstance'no excess excitation-l
venergy ie to be expected in‘the esceping moleculesf The analysis Suggests,
lnwever, that internal excitation is possible for molecnles.that escape |

in a process for which the apparent enthalpy of aetiVation exceeds the

of actlvatlon ;s nearly_equal to the entropy of evaporatlon. By these '

-~ ecriteria, the Pu.anthsh‘produced in free surface sublimat ion ef_red

5 b . . S
’7 and arsenic are identified as molecules which my

'nfv'poseess more internal energy tnan the moleculesAof tne equilibrium vapor.vf
o uﬁanc expected that Ph or Ash molecules from free surface Qubllmatlon might
' - possess excess intermal enerdyf but Kane and Reynolds5 did not evaluate

:,_the 1mpllcatlons of thelr appeargnce potentlal data to this question,.

Tor aubllmatlon of Ph from. red phogphorous tne apparent enthalpy
of actlvatlon exceeds the enthalpy of the equilibrium reactlon vy gbout

1.4 eV.i_ Molecules with this much excess internal energy should show

different appearance potentials and fragmentation patterns as functlons



e - | : | 'Uczar;;léao'h-< o
of electroﬁ voltagés in.a maéé spectrometef from.thése 9f ﬁnexci§eq Ph'
malecules., Kaﬁe andIRéynﬁldé found'no‘significant différéncg between
phosphorous ion ihtehsiﬁies'at Qarious electron voitageé for sublﬁnétién',;g-
';of.a‘red phosphdrous.ﬁowder swface and for sublimation:from Khudsen:céilé
f withvsmali orifices. Bﬁt:Kane notéd7 that the surface level of_the free' 
~surface sublimation sample did not appear to sink while about 5/6 of the
sampie sublimed. Most of the molecules in the beam from Kane and Ré&pold31 ,">
~open crﬁ¢iblé sublimation expériments must h&vé 6riginated inside pores |
:f and therefore ﬁustvhave experienced multiplé.coilisions befofe_leaving  _

L. the saﬁple; Sﬁccessful detection of.excéés intefnal energy requires
thevminimization bf the chaﬁées for cqlliéion deactivation of excited s f,ﬁ
’. molecgies:and reqﬁires comparison tobmolecules for which equilibrium |
internai energies are esfablished.,_It éeeméd erthwhile to repeat iﬂ; _"v
.tehsityIVersus electron voltége’étudieé féﬁ red phosphérous'under éondi; "
'ffions tﬁathould.redﬁce chances of collisional deactivation. SinceISiﬁgié“
ncrystais of red phosphorousvare not_available, we attempted tp obtainvim—éi
prove'fpeéAsurface sﬁbiimation coﬁditions by supborting a’polycrystalline ; St
Lump of red phosphorous againsfvthe lowef surface of the coniga; orifice |
of the 1lid of a graﬁhite effusion céll. The geometry was such that most
',PM moléculeé would reacﬁ the ionizaﬁioﬁ chamber without uhderéoing colli-f',f?
;sions with any exterior surface. | |
The same cell and érifiée Were_used for Knudseﬁ effusiqﬁ runs with

"~ phosphorus powder in the cell; -Three molybdenum.inéefts with eccehtri~

'cally drilled holes were placed betweén the Powdér and the cell orifice

%o insure that each vapor molecule ﬁould make a number of collisions with
.the cell walls and thé-inserts.before effusing through the orifice. .

Four different runs were made at 620°K in an Atlas mass spectrometer

with each type of experimental arrangement, The beam path was about



'bvintensities show no signiflcant difference between'free surface and

effusion experiments when electron energies were varled from below the

L

' lO:em loné so:thet'internal excdtations with lifetimes in:ekcess of about

10-le seCOnds‘CQuld‘be deteeted; The variatlon of. P3 : aﬁd Pf inten~"

sities relative to Ph 1ntens1t1es are shown in 7*"15;. L These relatlve

\

“+threshold of measureable intensities to 70 eV,

Unfortunately, this negative result neithérrproves that P, moleculeS'yu B

- are not 1nternally excited at the instant of leav1ng a red phosphorus o
; _surface nor sets an upper llmlt to a lifetime befbre deactlvatlon by
“spontaneous emission. The polycrystalllne lump used in "free surface

- sublimation” showed no visible evidence of surface recession as a result -

of heating. It seems probable that most of thevmolecules of the beam from

V-Itnls sample were, ll&e those in the study of Kane and Reynolds, proauced

in nores of the sample where they could be deactlvated by multlple colll-i'v
sions.

A study of single ecrystals of arsenic, which héve been shown to -

;subllme w1thout developlng pores,6 mightvprovide'a more definitive test,
. ;although the smaller difference between actlvatlon enthalpy and equlllbrlum-"'
' enthalpy of reactlon would make detectlon of excess energy with a mass

: spectrometer dlfflcult
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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