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metrically. From the éxperimental ratios of diatomic to monocatomic species
and the vapor bressures of the elements, the following dissociation energies

-]
D, (Cus) = 43,2+ 2,0 keal D,
n: (4g2) = 35,7 + 2.2 kecal D

- 47.6 1' 2.2

£

(AgCu)

Dy (Mip) = 51.9 + 2.2 kea1 Dy (auCu) = 54,3 + 2,2

4O0e7 * 2,2

These ege based on HeP = 81.1, 68,4 and 87.5 ¢al/mole for Cu, Ag and Ay
where D, of AgAu de 8 on the value far Qy, andDg_ofA.gAuandAuOuon
Au. The uncertainties quoted do Dot include the uncerteinty in AHVEP,

These results are interpreted in terms of chemical bonding theories,
The relation between bonding in the gas and in the pure condensed phases
is again observed. Farthermore, a breviously unobserved qualitative re-
lation between the dissociation energy of the asymmetrical molecule and
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Introduction.

The symmetric mclecules Cu_, Ag2 and Auz have been
[k
identified and studied by optical spectrcscopy in emission
and 1In abscrption by Ruirmps (1), and by xlemsn, Lindkviet

and Selin (2-3), Vibration

(1) J. BRuswps, Comvt,rend, 237, 189 (195i).
(2; B. Klemen and 5. +indkvist, arkiv Fys, 8 333 (1934);
9, 385 (1955),

(3} Klewar, ILindkvist =nd selin, Ark. Fys. 8 505 (195l).

frequencies and dissceciaticn energlies frem linearp birge-sponer
extrapclstions were obtzined. Drowart zng Honig (L) and

Schissel (5)

(4) J. Drowart and K, u, Honig, J. Chem. Phys., 25, 581
(1956); J Pays Ciem 61 980 (1957)
(5) P. Schissel, J. Chem. Fhys., 26, 1276 (1$57).

used mass spectrometric technigue to study the species
vapcrizing from the pure metals, They indentified the
syrmmetric diatomic molecules and determined the heats of

disscciation., Martynkeviteh (6), Rosenstock (7), and searcy,

Preeman snd Michel (8) have observed

Manuscript released 26 March 1960 for publication as a
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(6) G.H.Mertynkevitch, Vestnik, oskcv Univ. Ser.,Mat,Vekn,
Astrcn., Fiz., zhim., 13,151 (1958);C.4.,53, 5796h (1959).
(7) H.M.Rosenstcek, in Electrcmagnetically Enriched Isotopes
and Mass Spectrometry, ed. ¥.I.5mith, Butterworth, lLondon
(1956) p. 155. (S) Seercy. Freeman and hlchel, J.sm. Chem,

soc. 76 4050 (1954).

trietcmic ions of copper o cf silver.

The asyrmetric molecules. Aghu, AgCu,and AuCu were ob-
served spectrcscoplcally by Ruamps (9-10)}. The species AuCu
wepe observed by Schissel (5), while zll three agymmetric

molecules were observed by Ackerman. (11).

19) J.Ruamps Corrt.rend. 239 120C¢ (1954)
(10) J. Ruamps Collogium Spectrosccpium International VI

(Amsterdam, 1956), Pergamcn, Londen.
(11) M. Ackerman, Ind. Chim. Belg., 25, 0000 (1960)

The present paper reports a mass spectrometric deter-
minstion of the dissoclation energies of the symuetric and
asymmetric diutomic molecules in eguilibrium with binary
Cu-Ag-au alleys. Particuler emphasis has been placed on
obtaining values of dissociation energies that are

accurate relutive to one ancther.

Experimental.

Binary alioys were prepsared by mixing together weighed
quaentities cf the 99.9 % pure metals &and meltlng them
in the mass spectrcmeter. The initial compositicn was gener-

ally about 90 st-% of the less volatile constituent.In all cases,



the more volatile constituent was Ffcund to distill off
guintitacively leaving behind the other constituent
essentially pure.

The 2lloys were vaporized from electrocn-bombardment
heated (12) Knudsen cells with l-mm dismeter orifices and
crifice to sample surface ratic of about 1/100. In the

early experimencs,

(12) W.&, Chupka ang i, u, Inghram, J.Phys. Chem., 59, 100 {1Y55),

graphite snudsen cells were useéj however, particulsrly
in the casge of gold, during the course of an experiment the
moncmer intensity was observed to decrease aprreciably, and
the dimer/mconcmer ratio, takeh at constont temperature,
similarly decreased by as much ag = factor of ten.
Examination cf a ball of gold that remained after such an
eXperiment showed that it wids3 covered by a heavy layer cf
graphite, As a result, experiments were made using a
mclybdenum outer crucible and an impermeable mullite
(3A1203.25502) lnner crucivle, wrich proved to te satisfactory,
A Leeds and Lorthrup dissprearing filament optical
pyrometer was used tc measure the brigshtness temperature
of a hcle drilled in the bottom of the molybdenum crucible,
Calibrations for emissivity were cbtained in situ and are

Ziven under "4Analysis or Latal,



The crucible and scurce arrangement are signifiicintly
different from those used previcusly in this laboratory
and &re shown in Figure 1. The pyrcmeter window 4 is
protected from deposits.by the magnetically operated shutter
. The geometry used is such that the pyrometer objective
is completely filled by 1light frcm the black-bcdy hcle
in the crucible D. The moleculur beam limiting averture is
a one miliimeter orifice at J. The density distribution
of the depcsit cn a window on the far side of the scurce
K i3 the ssme ws that calculated for a one millimeter
eruciblie orifice and the ccllimation at J. tone cf The
molecular beam strikes any part of the scurce. & moveble
beam defining slit H, whose position is fixed by a
micrometer screw, permits us to distinguish between ions
formed from species in the molecular beam, from species
possibly reevaporating from the radiaticn screens and from

the residual gases in the source (13).

: "
(13) M.G.Inghram and J. Drowart, lMass Spectrometry Applied
to High Temperature Chemistrm" Proceedings cf a conference,

Asilomar, Calif. 1959.

Pumping speed in the region of the scurce and the
furnace is about 10 liters/sec.

The ion scurce is the same as used previcusly (i, 14)



(14) J. Drowurt and P. Goldfinger, J. Chim,Phys., &%
72 (1958),

lons were formed by a 3 to 30,44 beam of § to 70 volt
electrcns and accelerated to 2000 eV.

The ions forred were mass analysed by a 20—cm.
radius of curvature, 600 sectcer, single focusing mass
spectremeter ith a resolving power of 1/700 (Rayleigh
critericn). The ion current 1eaving the exit slit was
further accelerated to 4500 eV, amplified by a nine
stage Ag-Mg seccndary electren multiplier, and then
measured by a vibrasing reed amplifier and pen rec-
order. Species were identified (13) by mass, isotope
ratio, aprearance potential and dependance of in-
tensity on the positicn of the movable beam defining

slit H.

ixperimental Data,

In aadition tc the atems, only the six symmetric
and asymmiric diatomic molecules were observed. Table
I presents the observed ratios of diatc-ic to mono-
stemic melecules corrected for lonizztion ercss section
and multiplier efficlency. The rirst column of the
table indicates tre nuwber of the experiment : Lhe
second, the absclute tempe.av.re ; the thiird, the ratioc
¢f mclecule pressure to that of the more volatile atomie

5



species ; snd che 153G, the value of the dissccistion
enerzy calculsted by Eq. (1), Values indicated by an
asterisk wre averages of 3 to 5 ccnsecutive readings

teken at a given temperature,

Treatment of Data.

The dissceistion energles Dg were calculated

usi ng the relation

B - - BT In I(¥)gy (X¥) plx) - T[FC - HC

© Iy (1) T

where I(Y) i3 the ion current due to species ¥ ;@™ the
icnigzticen cross secticon ;J?the relative efficiency of
the seccndury electron multiplier ; p(X) the vapor
pressure of the less vclatile species X ; and (Pﬁ-Hg)/T
the free energy function.

Values for the reletive ionization cross sections
of Cu and Ag were taken from Utvos und stevenson (15).

The value for Au was

(15) G.w.Ctvos and U.b.Stevenson, J.Am, Chem. Soc., 78,

Si6 (1956),

calculated from dats for a guantitative vapcrization
of a Cu-Au alloy in the mass spectrometer with a
clagsical cocllector, Eguaticn (2) presents the relat-

icn between ion intensity and lonization cross sections

6
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o(x) Y (x)st = (s/6) (w/2mr)l/2 Ty I(x) T1/2 At

where ,' is unity for a classical cellector, St
i1s characteristic of the instrument, s is the drea of
the effusion orifice, G the number of grams evaporated,
M the mclecular weight, R the gas censtant, T the
absolute temperature, and t the time, when compari-
son is made between two substances evaporated simul-
tanecusly, 3' and g cancel. The value obtained is
o~ (au) /o=(Cu) = 35/18.).
For the diatomic species we assume (XY) = (X) 4
The multiplier efficiency, as a function of mass
¢nly, was determined exXperimentally from data for a
mixture of rapre gases and from quantitative vaporl-~
zaticns of allcys, liclecular effects were calcula ted
%5 sugrested by Stantcn, Chupka and Inckram. (16).

The values useg “re shcwn in Table II.

(16) stanton, Chupka and Inghram, Rev. Sci. Inst,,
27, 109 (1956},

The temperaturs scale of the pyrometer wasg verified

by observing the melting pcint of Cu, Ag)und Au, The

(2)

(¥).

exXperimental arrangement consisted of a block of graphite

7



under a hydrcgen atmosphe.e in an electrically heated
quartz tube furnace. Cne hole in the graphite block
served as & "black body" while an adjacent served as

sample holder.

(17) D.R.Stull and G.C. Sinke, Thermodynamic Froperties
of the Elements, Advances in Chemistry, Series 18,

Am,Chem. 30¢., Washington, D.G., 1958.

In addition, an in =situ calibration described by
Johnson, Hudson, Caldwell, Spedding,and Savage (18)

using the molybdenum

(18) Johnscn, Hudson, Caldwe:l, Spedding,and Savage,
J.Chem.Phys., 25, 917 (1956).

cell in the mass specirometer was performed. This in-
volved measuring the crucible brightness temperature
and ionic intensity «f the species X+ at some temper-
ature just above the polnt of fusicn. The heating
power was reduced, the cooling curve recorded, and

the brightnes: temperature meas.red at Tue lower
tcmperature. Interpclation of the intsnsities betuesn
thie higrer and lower tewperatures measured was achieved
using a crict of log +T Vs 1/T. The observed point of
fusion ¢f Au wasiﬁf low. This was attributed to the
low emis:zivity cf the mclybdenum. Corrections were made

8



assuming an emissivity of 0.7 (19)

]
(19) w.E, Forsythe, ' Temperature, Its me-surement

[/
and cnntrol,’Reinhold, New York (1941) p, 1183.

The heats of subliimation AQHZSE of Cu, Ag and Au
were taken as 81,1, 68, 4,and 87.5 keal,Varor pressures
for Cu and 4g were taken from Stull and Sinke (17).
For gcld, there is a disagreement between the value
glven by Stull ang Sinke, which is bases on Hall's

work (20 £}, and the recent

(20) (a)0.Ruff ang G.Bergdahi, Z.anorg, Chem 106, 76,
(1919); (b), C.Rurr and H. Konschaelk, Z, Electrochem,

32, 515 (1926); (¢) » P. Harteck, 7. physik Crem. 13j,

1 (1928) ; (d) A.Pam:as Z. physik Chcii B5 467 (1929 ;;

(¢) , E.Bauer ang R. Brunner Helv.chim.icta 17, 958 (1934);
(f) , L.D, Hali, J.Am, Chem. Soc. 13, 757 (1951) ; (g) ,
Nesmelanov, Smakhtin and Lebedev, Doklady Akad.Nauk SSi,
112, 700 (1957); (h), R,K. Edwards, private communi-

catien ; (1), k.G, Rauh, unpublished data,

determinations of Nesmeianov, Smakhtin’and Lebedev
(20 g}, Edwurds (20 h), and Rauh (20 i), Table IIT
indicates the varicus values caiculated for H;gg for
gold, based on the free energy functicns of Stull ang
Sinke (17),

The values of Harteck, and of Bauer and Brunner
have been Interpreted by Hall =as giving upper and

9



lower limits, Harteck being high because of contami-

nation of his surface (¢f Freaser {21) ) and Bauer

(21) R.G.J. Fraser, Molecular Rays, gambridge (1931).

and Brunner low because of inadequate emigsivity ccrrec-
ticns. We hazve chosen to use the average of the three
most recent determinuticns, 87.5 keal.

ne have attempted alsc to measure directly the
diffeprences in heats of vaporization of Cu, Ag;and Au,
The relation between the lonic intensities due to

Ag or Cu and Au and the respective pressure 1s

P(au)/p(aG) = I(hu) o & (Ag) alag) I(ag) or & (Mu) alan)

where p are the pressures &nd a the activities (22).

(22) (a) sSelected values for the thermodynamic proper-
ties of metals and alloys, Minerals Research Laboratory,
University of California, berkeley ; (b) R.K.Edwards

end Jemes H. Downing J.Chem.Phys., 60, 108 (1956).

Unfortunately, the uncertazinty in the activities
of the more volatile component Cu or Ag, which activity
ranged between 0.0 and C.1 gives rise to estimated

vap

uncertainties in AH (Au) of 1.5 to 2 kcal, The

value obtained by this method is 87 kcal. Similarly,

10
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one quantitative vaporization experiment, using Hq.
(2) to determine St s Bives 87.3 kecal,

Free energy functiocns for the monatomie species
were taken frcm Stull and Sinke and were calculated

(23) for diatomie Species. The vibration frequencies

(23) K.S.Pitzer, wuantum Chemistry, Prentice-Hall, Inc,,
New York (1953)

were taken from the literature (1-3, 9, 10) and the
interatomic distances estimated from the erystal radii
(2l4). The vibration freguencies used for Cu,,, 48,5, Aghu,

Aglu, and AuCu are 266.1, 192, 191, 210, 250

(24) 1. Fauling, J.4an.Chem. Soc. , 69, 3L2 (1947).

and 250 cm™t respectively, while the interatomic
distances used are 2.34, 2.68, 2.68, 2.68, 2.51,
2.11,and 2.51 A, Values of r based on the gasecus
hydrides cr cn Ruamps value for Au2 are systematically
smaller but their use would not increage the Dz by

more than 0.5 kecal. klectronic states were assumed

1
to be ‘2:

11



The Dissociation Energies.

The values of the dissceiation energles obtalned
by Drowart and Honlg (l4), by Schissel (5), and by
ourselves are shown in Table IV, All these values have
been recalculated using the elemental heats of vapori-
zation und the free energy functions as stated above.
In caloulating Schissel's data, we have assumed that
his ionization cross secticn-multiplier correctlion,
d"a’(Xa)/a‘((X), is equal to 1.7.

The results from this work end from the linear
Birge-Sponer extrapolaticn are considered to be in
geod accord.

The agreement between our work and Schissel's is
good when we interpret his results under the seame
assumption for the lonization cross sections used in
interpreting D-H's and our own. This is: 0 (XY) =
o (X) +0(Y). The ratio of " ¥ (X,) /o y(X) used in
calculating the DO0 shown in Table IV is teken to be
1.7, assuming his correction for multiplier efficiency
to be 0.85. Acgglly, one would expect the ratio of
K‘_S‘for Cu,/Cu to be smaller than 0.85, tending to
bring our results into closer agreement. (cf, Schissel's

paper (5); or Inghram et al. (25) for curves of a'as

a function of mass).



(25) M.G. Inghram and R.J. Hayden, & Handbook on

mass spectrometry, NatlLRsch. Council Publication N°. 311;
Inghrem, Hayden and Hess in N.B.S. Circ., 522 washington
(1953) p. 257.

Thus we believe the difference between this work
and Schissel's is within the limits of experimental
errcr, It shculd be noted that Schissel worked with
20-vclt ionlzing electrons, and we with 70. Schissel
observed that lnereasing his jonizing veltage causes
the computed velue of D: to decrease, which would tend
to bring our two sets of data into closer agreements.

Drowart and Honig's results are gystematically
2 kcal higher than ours., In order to determine if this
might be a result ¢f the crucible-source arrangement,
we performed an experiment with Cu using an arrangemen.
gsimiler to D-H's actual experimental arrangement: a
resistance heasted, open alumina crucible which was so
mounted that all molecules leaving in a solid angle

entered the icnizaticn chamber
(but, unlike D-H, we used the seccndary electron
multiplier), The Dg calculated from these open cell
measurements is 1.F kcal higher than that from oup

Knudsen cell measurements, which is just on the 1imit

13



of experimental errcr. We believe the present tech-
nigue, with the Knudsen cell removed from the socurce
and with the well ccllimated moleculasr beam gives tThe
rore reliable results.

D% caleuleted from piots of In P(Xa)/P(X) vs
1/T, even though not dependent on intrumental sensi-
tivities c¢r free energy functions, arc, as is well
known much less reliable than those from the third
lew, The D; calculsted from our own and from fhe others'
data tend to be 10kecal higher tnan the third law

DO' s, which i3 within the 1limit of errcr.

o

The prcbable errcr in the abscolute velue of our
results cualculicted by the third lav is estimzted as fol-
lows: the scatter of the varicus exrerimental points
for esach molecule is abcut 0.5 kecal (this isew 0,.8kcal
for AgCu due to the smaller dimer-pmcnomer r&tiog.
The error due to an as.umed uncertainty cf 70% in the
cross gsections and rmultipli:r efficiercies gives an
uncertainty cf 2 keal at 170CP K ;: a gsystematic tem-
perature errcr of 4j0° would give rise to 0.5 kcal for
au at 1706’@. No allowsnce is made for uncertainties
in the fre- energy function due to interatomic distances,
wiilch may be systematically tco larece. Exclusive of
uncertzinties in the heats of vaporization, this gives

rise tu & most probsble errcr of 2.2 keal.

14



A quantity that is of interest is tre differerce
between the experimental DS(XY) and the arithmetic meun
of the energies for the symmetric molecules. Since errors
made in assuming icnization cross sectitns w«nd in meags-
uring temperatures wculd largely tend tc cencel in taking
differences, we estimate the er.cr in esach Dz foer this
purpose 0.5 keal ; ercss seeticns and
multiplier efficiencies 1 kcul : temmerature C.2 kecal,
giving a most probable error of 1.1 kecal. The most
probeble err«r in the difference is thus 1.4 keal.

Errors in the bheets ¢f vapcrization ¢f the atoms
for, say, AgAu csuses an error in the difference equal

to /\ H(ag)¥1/2 N H(au). By *difference”, the most probable
is * 1.7 keal.



Discussicn of results.

Brever and Searcy (26) have remarked that the

(26) L. Brewer and A.W. Searcy, "High Temperature Chemistry"

Ann.Rev.Fhys.Chem., 7 268 (1956).

dissoclation energies for the six molecules of the copper
triad should prcvide extremely interesting tests of bond
theories, The first cclumn of Table V shows the diss-
ociation energies of the asymwetric molecules XY, The
second cclumn shows the arithmetic mean of DS(XZ), and
the third column the difference between the first two
cclumns,. #lthcocugh there gre gignificant differences,
these differences ure not larger than 15 %. In parti-
cular, the two molecules ccntaining Au are distinetly
more stable than predicted by the mean of the symmetric
mclecules.

such behavicur may be interpreted in terms of a

difference cf electronegativity (28) ifor the three atoms.

(28) L. Pauling, Nature of the Chemical Bond, Cornell,
Ithace, N.Y¥Y, (1941).

Llectronegativity differences between Cu-Ag, Ag-Au

and Au - Cu are calculated to be 0.24, 0.41,and 0.55,

16



in gcod agreement with earlier results of Haissinsky (29).

(29) M. Haissinsky, J.Phys. Rad., 7, 7 (1946).

This behavicur may be attributed to the avallability
¢f d crbitals for bonding. Silver, wirich has the smallest
energy of dissociation, also has the relatively most
stable d shell indicated by the fact that the atom with

00

1
next lower atomic number, Pd, has a d~ s configuraticn

)

while those preceding Cu and Au (iii and Pt) have d83c and
dgsl configurations. The siiver atcm has relutively few
low lying dgexcited levels compared to Cu and Au, and
silver compcunds normally exhibit only the 41 valence.
Similarly, as discussed below, there seems to be a
distinct relation between bcnding in the gus and in the
condensed phases indicating that conclusions meade a2bout
bcnd character in the condensed phase arrly to the
diatomic molecules,
It has been remurked by Pauling that the ratio

‘leap/D: is aprroximutely 2 for the group lA elements

(30}.

(30) L. Pauling, J.Chem.Phys., 46, 277 (1949).

17



$imilarly, we may use dlssccistion energiles given by
Herzberg (31), Chupka, berkowitz, Giese and Inghram

(32) and

(31) G. Herzberg, Moleculzr Spectra and Moleculer
Structure I : Diatomic Mclecules. Van Nostrand,

New York 1951.

(32) Chupka, Ferkcwitz, Giese and Inghram, J.Phys.Chem.,
62,611 (1958).

by ocurselves to calculate the same ratic for the groups
IIIB, III and IB, This ratio systematically 1s equal to

2, which leads cne to believe that bonding in the gas
and in the condensed phases 1s similar for these metals,
Thus the stapility of the row VI transiticn metals,
apparently due to the d electrons, is observed alsc in
Au2 (g).

In view of the arparent reiation between bonding
in the gas phase and in the pure ligquids, we have locked
for a relation between the dissccivtion energies of the
asymmetric molecules and the enthalries of mixing. The
systems Cu-Ag-Au are relatively well suited for suck a
comparison since the pure metals hsave the same erystal
structure and approximateiy the same radii. Furthermore

the alloys huve well determined and relatively simple

18



phase disgrams,

The enthalpies of mixing are shown in column § of
Table V. There seems to be a qualitative relation between
those enthalpies =nd deviation from Pauling's rule
sfown in column 4. AuCu has the largest deviation from
Fauling's rule, and the largest excess enthalpy of
mixing ; for AgAu both are smaller, and for AgCu, they
are the smallest,

Activity data and dissociation energies are known
for the system NaK where the deviation from Pauling's
rule and the enthalpy of mixing both are very small.

Work 1s under way to extend the above relatiocn.

19



Table 1, Corrected dimer/monomer ratios end calculated dissociatiom
energies from ion intensities above pure metals (Exp. 19
and 20) and alloys (Exp. 4, 10, 14, 16, 17).

(1) (2)  (3) ( (1) (2)  (3) (L)
Exp. Tk xy x 10t D% keal Exp., T°K Xy xiot D% kecal
Cu, Y Aghu(a) X
20 1549  6.20  L3.46 14 1568 3.73 B8.17
163l 9.93 h3.43 1575 3.22 46.32,
1602 9.67  L43.1L4 1667  7.12 hE. 26"
G TR E g fE bn
1582 7.15 43130 17 lge 289 tz-;g
mean: [3.23 1695 6:58 o7 r[_
he 1772 9.53 ﬁ? %2
172 9.3 7.
19° 1356 6.86  35.42 1768 8.82 L6 61
1352 8.69 36.14 mean: 17.58
1202 15.13 0 35.95 ot ey 1,78 11.56*
Ly lz.ch o 36.10 1632 2.85 I1.20
1418 11.idg 35.63 1670 u'27 3990
1336 7.48 26,00 1776 7735 3977
mean: 35.70 4, 1565  5.16 L2.76
Aupla) y 1583 3.01 40.66
1l 1666  10.46 £2.09™ mean: 40,65
1522 1%.90 51,687
1003 18.64 2,257 AuCula)
e sk 15.809 0 2261 e T 1125 47,9 51y, 32
e heds o 52.23 173L 3.5 53.83
1793 7.81  50.86 1728 432 Shou3
1658 10.30 5o, 5f 1705 a1.8 5&-25*
1777 1317 Sl 179wt 4
17 166y 12.64  £2.24* 47.3 55.39.,
1 8 lc\ 6 - 1781 64.8 5L|..Ll.9
7? -7 Si b2, 1798 7ol Z, g1
1726 12,83  51.60° ean:  eL.co
mean 51.91 mean: 54.5

(a) In expuriments 14, 16, ahd 17 corgedtions of 0.3, 0.7, and 0.3 kcal
respectively have been added to Dy,toc compensate for the reduced
activity of gold in the alloys.

(b) 0.3 kcal has been added to D (AgCu) for the reduced activity of
copper.
s average of 3 to 5 consecutive measurements at the same temperature.
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Tai:Lw II. Tonization cross secticns and relative yield

of the multiplier.

Species ionization eross secticn mult. yieid x
¢ross secticn

cu 18.4 18.4
Cu2 36,8 26.1
Ag 34.8 21,7
382 69.6 32.hh
Au 35 16
Au2 10 27
AgCu 3.2 29.3
Agiu 70 29,
AuCu 53 22
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[ecio I11. Hogp of gold (keall.

Ruff snd bersdahl (20 a) (1919) 82.98
Aurf end Konschak (20 b) (1926) 81.71
Garteck (20 ¢) (1928) 91.22
fFarkas (20 d4) (1929) 88.40
Laur and bruncer (20 e) (1934) 78.12
Hall (20 f) (1951) 8ly.70
Nesmaisnov, smakhtin, Lebedev (20 g) (1957} 87.70
Edw.rds (20 h)} (1959) 87.20
Raun (20 1) (1959) 87.50
selec.ed Average (last three values) 87.5
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TABL: IV, Dissociation emergics at ¢ K of Lbu symmetric
and as.mmetric mclecules in keal/mole.
This work Drowrrt Schissel Spectr,
Henie (01) (5) (b.-3.)
recalc. recalc.
Cu2 13.2%2.2 he.h¥2.3 43.9%2.3 L8
Ag2 3F5.7r2.2 37.8% 2.3 36.2%2.3 L2
Au, 51.9%2.2 53.0%2.3 5,824 62
Agsu h1.622.2 - - -
agCu 0.7+ 2.2 - - 29
auCu Sik.522.2 - - 6i

23



. 8} O

Tapix V. Comperison of DY (XY) with 1/2 [Do (X5) +uo(¥a)]

(Pauling's rule) and +ith the enth.lpy of mixing

for the alloys.
Species DY exp. p° calec. A% (liquid)

% yeal “ keal n = 0,5

Agaiu 7.6 3.8 $3.8%1.7% ~1.1(1350" ) (22a)
AgCu 40.7 39.4 +1.3%1.7% 0,8(1428°4)(22b)
AuCu 5.5 Iy7.6 +6.9 *1,7% ~2.7(1550K)(27)

® Most prcbable error including X 1.l kcal experimental

error plus error in &H'°P (see text). This error is

sméller than the uncertainties in the wbsclute values

due tc¢ compensating errors.
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Figure 1. Electron bombardment furnace and ion source
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