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FORWORD

The work outlined in this semi-annual report was performed
under Contract DAHC15-69-C-0303, ARPA Order 1441, and Program
Code PYD10. The work was performed within the Consumer and
technical Products Division of Owens-Illinois, Inc., Toledo, Ohio

and ccvers the time period from 1 July 1970 through 31 December 1970,

The principal investigator for the program is N. L. Boling
and the program manager is H. A, Lee. The thermodynamics of the
nelting of laser glass in platinum is being conducted by L. Spanoudis
undetr the direction of P R. Wengert. This contract is administered

by the Chief, Defense Contract Administration Services Office,

Toledo, Ohio Dr. Maurice J Sinnott, Director for Materials Sciences,

ARLIR, 1o the Contracting OF“icer 's fechnical Representative
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ABSTRACT

DAMAGE THRESHOLD STUDIES OF GLASS LASER MATERIALS

~

This report discusses -work performed under ARPA contract no.
nAhc15-7o-c-0303 during the period 1 July 1970 to 31 Dacember 1970.
_____ },Tht:‘work has two aspects: an investigation of elimination of
damaging platinum particles from laser glass melted in platinum
cruci?les, and a study of the causes and prevention of surface
damage to laser glass exposed to high intensity laser pulses.

Work performed on the former aspect in the specified period
has 1nvoived a theoretical investigation ~- based upon a literature
search ~- of activity coefficients, The goal of this is determination
of partial pressures of oxygen in the melting environment which will
prevent formation of damaging platinum particles and at the same
time prevent crucible attack,

The surface damage study involves a aeqrch for causes of damage
through high speed holography, Further, cﬁ;nical treatments of glass
surfaces are being explored as a means of increasing the damage
threshold. Work on this surface damage phase has primarily involved

design and modification of experimental equipment which will be

used. |



1. SUMMARY
“

The problem addressed by the work denctibed~g}45h}b report is
the damage of laser glass by high power laser pulses, Thia damage
is generally censidered to take one of three forms, 1In order of
increasing damage threshold these are: particulate damage, surface
damage, and self focusing damage, This werk concerns itself primarily
wi;h the first two of these,

Damage, due to platinum particles, of laser glass melted in
platinum crucibles has been characterized by previous werk under this
contract. One of the goals of the present effort is the prevention
of the formation of these particles during the melting of the glass,
at least to the extent that they are ne longer of appreciable cencern
as damaging agents,

Our study is predicated on the assumptiem, which has much suppert-
ing evidence, that oxygen in the melting environment is necessarily
involved in producing platinum in the finished glass. The oxygen level
cannot, however, be reduced arbitrarily since attack of the platinum
crucible by elements of the melted glass occurs below a certain partial
pressure of oxygen. Consequently, the first phase of our appreoach to
this problem consists of a theoretical study of the thermodynamics ef
melting laser glass in platinum crucibles, By determining the activity
coefficients of the several oxides present during the melting process
and the corresponding activity coefficients in platinum, the minimum

partial pressute of oxygen that must be maintained to prevent crucible

attack can be determined.



Subsequent phases of the particulate damage study will consist
of reducing to practice the theoretical results obtained in the thermo-
dynamics study. Although various methods of detection have been and
are being investigated, the most ;e{iable test to date is subjection
of the glass to a high power laser pulse, In view of this, a laser
testing facility, previously constructed using equipment furnished by
Redstone Arsenal, is being adapted to this end,

Work accomplished in the particulate damage phase of this contract
is briefly as follows:

1.) A literature search for activity coefficients of oxides in
laser glasses and corresponding activities in platinum has been com-
pleted and data obtained have been evaluated,

2,) Samples of laser glass have been sent to Battelle Memorial
Institute of Columbus, Ohio, for experimental determination of some
activity coefficients, The purpose of this is verification of the
theoretical approach taken,

3.) The high power Q-switched laser alluded to above is in the
final stages of modification.

Surface damage, the second form of damage studied under this con-
tract, is being approached fror two complementary directions. The
first of these involves the plasma created by the laser pulse at the
damage site, Evidence obtained by various investigators implies that
this plasma is a cause of damage In view ot this, one phase of our
surface damage program involves chemical treatments of glass surfaces,
These treatments are designed either to strengthen the surface against

the damaging plasma or to eliminate the plasma,

-2-



The second of our two approaches to surface damage takes the
form of an investigation of its causes, This investigation looks
not only at the plasma aspect of damage mentioned above, but also
¢kplures other proposed damage mechanisms involving creation of
shock waves inside the glass, High speed holography is being used
to detect any shock waves created by the passage of a laser beam
through a glass sample,

Work on the surface damage study has been directed thus far
toward equipment modification and study of experiments which will be
corducted, Consequently, no numerical data have yet been obtained.
Work completed is as follows:

1.) A ruby laser has been received, assembled, and checked out,
Th:s is the laser which is being used to construct high speed holograms.

2,) Modification of the Nd glass laser to be used for damaging
glass samples has been completed, This modification involved replace-
ment by a Kerr cell of the rotating mirror previously used for Q-
switching.

3,) The two lasers alluded to in (1) and (2) have been inter-
.onnected to allow timing of the ruby pulse relative to the Nd pulse
to within £ 3 ns,

4.) Holograms of fringe patterns in a transparent plastic block
under stress have been made,

5.) Construction of the laser to be used in the chemical treat-
ment phase of surface damage has been completed. This laser is in
the final stage; of beam characterization,

6.) A study of several chemic 1 treatments to which glass sur-

faces under investigation will be subjected has been completed.
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Work during the second half of this fiscal year will involve
further modification of the Nd glass laser to be used in the holo-
graphic studies, The reasons for this are twofold. First, the Kerr
cell used for Q-svitching exhibits a tendency to damage and will have
to be replaced by a Pockels cell. Second, if reliable results are to
be obtained, the daraging laser beam must be well characterized,
Because of this the glass laser will be modified so that it emits a
diffraction limited beam. This beam will be used not only in the holo-
graphic study, but also in the later stages of the chemical trectment

investigation,
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2. PARTICULATE DAMAGE STUDY

2A. PRACTICAL APPLICATION OF THERMODYNAMICS TO LASER GLASS MELTING

. +[HODUCTION

The goal of this phase is to determine the thermodynamic
activities of oxides in laser glass melts of practical importance and
of the corresponding metals in platinum. Table 1 lists the laser
glasses of practical importance being melted throughout the world.
During the first half of the 1971 fiscal year, a literature search
has been conducted covering the following main areas:

1. activities of oxides in binary and ternary syscems;

2, activities of metals in platinum;

3. general data on similar systems and methods of estimating

thermodynamic activities, free energies of formation,

and heats of formation.

This is the first attempt of gathering and consolidating
activities of oxides and of platinum alloys to appear in the liter-
ature The empirical studies to be carried out at Battelle have
been started but no results have been obtained to date. Lecause
only one glass system is being studied empirically, substantiul
¢rtuct has been devoted to estimating the thermodynamic activities
in the other laser glass compositions. Determination of the
therucuynantc activities is divided into the following categories:
dirvect empiricai measurement of activities; estimations based upon
experimental observations; and estimations based upon more theoretical

properties such as electronegativity.
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TABLE 1
LASER GLASS COMPOSITIONS OF COMMERCIAL INTEREST

Glass No. Component Mole Fraction
1 S:LO2 0.785
BaO 0.014
Nazo 0.080
Kzo 0.112
Nd?_o3 0.010
2 si0, 0.719
A1203 0.014
Sb?_()3 0.002
Bao 0.014
Zn0 0.017
Lizo 0.023
NaZO 0.068
Kzo 0,113
Nd203 0,010
3 S:I.O2 0.791
T;i.o2 0.004
szo3 0.005
Ba0 0,018
PbC 0.006
NaZO 0.045
K20 0.126
Nd203 0.006
4 3102 0.480
8203 0.174
Al?_o3 0.073
1\.9203 0.073
Ba0 0.255
Nd203 0,013
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TABLE 1
LASER GLASS COMPOSITIONS OF COMMERCIAL INTEREST (cont'd

ulass io. Component Mole Fraction
5 SiO2 0.593
.‘\1203 0.025
K0 2.12 % 1077
Ce0, 1.6 x 1073
Fe,0, 9.4 X 1078
Na,0 9.42 X 1077
L120 0.275
Nd?,()jj 0.005
Ca0 0. 100
6 510, 0.762
A12‘03 0.017
55132(\..g 0.002
et 0.023
o 0.017
Li?,() 0.023
Nazo 0.077
K20 0.080
Nd203 0.010
7 8102 0.792
A1203 0.010
Ba0 0.022
Zn0 0.012
14,0 0.022
Na;O 0.080
K0 0.053
N:iz():} 0,007
8 510, 0.773
51)2:‘;3 0.002
Bao 113
Na,,() R ENTY

K,0 coi 1



Il. LATERATURE SEARCH

A literature search is summarized in the bibliography attached as
Appendix I,

The melts of interest as Jlisted in Table 1, are basically ternary
oxides with two to six additional oxides added in small quantities,
from 1.5 to 9 weight percent. The relative abundance of binary oxide
data is caused by the steel industry's interest in slags as well as
glass industry's interest in immiscible glass systems.,

Data on the activities of metals in platinum is not very abundant,
The main user of platinum is the oil refining industry where it is
used as a catalyst, In this low temperature application, information on
the thermodynamics of platinum-metal systems is not critical, The
amount of glass melted in platinum containers or in contact with platinum
within the glass industry is small in both volume and dollar value of
glass sold, Although it is highly critical in optical glass applications,
this sole application cannot support the magnitude of research which
has been given to oxide systems or to other metal systems, Several
of the references listed in this section of Appendix I are empirical
observations which assist in estimating the activity of metals in
dilute =olutions in platinum.

In order to use the information within the literature, and the data
which will be generated within the empirical measurement of activities
within one glass-platinum system, several methods of estimation have been

examined in order to proceed from the level of information presented



directly in the literature to the level of information which would
agsist in the understanding of melting laser glasses in platinum
crucibles., When attempting to estimate the activity of one metal within
platinum, it is at times useful to know the activity of other metals

in platinum or in metals similar to platinum, As a result, genecral

data on activities and energies of formation are relevant to this study.
Because some of the general data sources are texts which also include
methods of estimating thermodynamic functions, the two categories have

been placed together in the bibliography.



III. DETERMINATION OF ACTIVITIES
A, Activities of Oxides in Laser Glasses
1, Method used for Estimating Activities in Oxides

Although a substantial amount of data is available in the
literature for oxide systems, the work is generally limited to simple
binary alkali silicates or complex glasses and slags whose compositions
do not approach that of the common laser glasses,

In estimating the activities, a complex glass composition
of interest has been approached as a series of several binary systems,
Each binary system consists of a network modifier and a network former.,
The calculated activities are tabulated in Table 2, Appendix II presents
a sample calculation.

Activities of oxides were also calculated in binary silicates
from free energy of formation data (Ref, 3,1,28). Table 3 shows the
systems studied, Table 4 shows a summary of the calculated activities
and activity coefficients. A sample calculation is given in Appendix III,
These calculated values agree well with the activities presented in the
literature. Free energy of binary silicate compounds have no doubt been
used to calculate some of the values of activities across the hinary
system reported by Charles (Refs. 1.1,3, 4, 5, and 6) and others,

2, Estimating Activities of Oxides from Ternary
Phase Diagrams

When the pliase diagrams of a ternary system is known
together with the activities of species at various points within the

phase diagram, the isoactivity lines can then be estimated., Sufficient



TABLE 2

ACTIVITY OF METAL OXIDES IN SILICA AT 1533°K

Glass XMeo YMeO 2Me0
No, Component P X Ref,

1 $10, 0.785 0,79 0,62 1.1.3,
Bao 0,014
Nay0 0,080 1.6x1077 1,3x10~ 8 1.1.3,
K70 0.112 2,0x10-11! 2,2,X10-12  1,1,3,
Nd, 03 0.010

2 510, 0.719 0,45 0.32 1.1.3,
Al,03 0.014
Sb,03 0.002
Ba0 0.014
Zn0 0,017
Li,0 0.023 1,6X1073 3.7X10-6 1.1.3.
a0 0.068 1x10-7 6.8X10=3 1.1.3,
K,0 0.113 6. 310" 11 7.1x10-12 1.1.3,
Nd,04 0,010

3 $10, 0.791 0.87 0.62 1.1.3.
T10, 0.004
Sb,04 0,005
Bao 0.018
Pbo 0.006
Nay0 0,045 6.3X10" 8 2,8%10™9 1.1.3,
K50 0,126 1x10-11 1.26x10"12  1,1,3
Ndy03 0,006

!b 5102* 0,48(. lcl 0053 101517.
B;)O] 0.174
Aly04 0:073
BaO* 0.255 .15 9.4X1072 1.1.17,
I:d;)()'s 0.013




TABLE 2 (cont'd)

Glass A v a
No. Component MeO, % &Y Ref.

5 5102 0,593 0,63 0.37 1.1.3.
Aly_():)) .00 )
Ky0 2,12X1077 0.3%10=7 L. 3410° 1.1,3.
Ce0 1.6X10=°
Fe,03 9,4x10-8
Nay0 2., 42X10~7 6.3%X10~ 1,5X10713 1.1.3,
Li,0 0.275 2.0X10-5 5.5,X10" 1.1.3.
Nd;03 0.005
CaO* 0.100 7.6X10-2 7.6X1073 1.1,17,

6 510, 0.762 0. 40 0.30 1.1.3.
A1203 0,017
Sby03 0.002
Ba0 0.023
Zn0 0.017
Li,0 0.023 3, 68%10=" 3, 7X1077 1.1.3.
Nay0 0.077 6.3x10-8 4,9%10=3 1.1.3.
K,0 0,080 1x10-10 8x10-12 1.1.3.
Nd,03 0,010

7 10, 0.792 1.07 0.85 1.1.3,
Al,04 0,010
Bah 0,022
Zn0 1,012 )
Li, 0 0.022 1.6X10"% 3.5%X10~7 1.1,3,
Naz0 0,080 3.2X10-8 2,5%10-9 1.1.3.
K20 0,053 1x10-11 5.3x10=13 1.1.3,
Nd, 04 0.007

3 $10, 0.773 1,24 0.96 1.1.3,
Sb203 0,002
Bao 0:113
Na,0 0.100 1X1076 1x10”7 1.1.3,
Ky0 0.013 3.2x10-11 4.1x10-13 1.1.3,

*his data for 1573°K

O R LI Y
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TABLE 3
FREE ENERGY DATA OF BINARY SILICATES
o7 (cal,)
1533°K SG.Molez
Bao(c) + ZSiO (c) = BaSi O (c) =-41,300
Ca0(c) + $10,(c) = Casio, -21,050
PbO(red) + SiO (¢) = PbSiO (c) = 4,500 (est.)
Li,0(c) + 2510 (c) = Li Sizos(gl) ~39,200 (est.)
MgO(c) + SiO (c) = MgbiO (c) - 7,650
K,0(e) + 4510, (c) = K,81,0, (gl) -81,000
Nazo(c) + 23102(c) N3281 0 (gl) -59,400
2Zn0(c) + 510, (c) = anSiO“(c) - 7,400
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MeO

BaO
Ca0
PbO
Lio0
Mg0
K,0
Najy0
Zn0

TABLE 4

SUMMARY OF ACTIVITIES CALCULATED USING

8 FROM TABLE 3

xMeO
X

0,33
0.50
0,50
0.33
0.50
0.20
0,33
0.66

Log a

- 5.806
- 3,00
- 0.613
- 35059
- 1,09
11,54
- 8.47
- 0.53

- 14-

MeO
X

%40
X

1.38x10-%
1x10-3
2,43%10-1!
2,57X10%
8. 13X10=2
2.88%10-12
3.39x10°°
2,95%10"!

YMeO

X
4,18X10~5
2X10-3
4.86X10~!
7.79X1076
1.63x10-!
1.44x10=1!
1,03x10~- 8
4y 47X10!



T o

information may be available to pursue this technique during the
next quarter, Charles (Ref. 1,1,3,) gives good data on binary alkall
silicates while Chipman, et.al. (Ref, 1.3.1,) has presented the
technique as have others (Refs, 1.2.5.; 1.,1.23; and 1.2.1.).
B, Activities of Metals in Platinum

In the last quarter the estimation of the activities of
metals in Pt received the greatest attention, Table 5 represents the
best estimates made to date. Further improvements will be made in the
second half of the 1971 fiscal year. Actual measurement carried out
at Battelle will be a most valuable asset.

The activity of the various matals in Pt appearing in Table
5 are taken at a high Pt content. The mole fraction of the metal in Pt
(Kit) corresponds to the point of "failure". 'Failure” would occur:
(1) if a liquid phase was formed; (2) if an intermetallic compound
formed; or (3) if a large increase in the Pt lattice parameter occurred
on addition of the metal. Most of the metal-platinum phase diagrams
of inturest are not available. From those which are available, ~ 1 at.%
of the metal in Pt can be dissolved in the Pt before failure would be
expecte!

1. Estimations Based Upon Direct Measurement of Activities
and Upon Lxperimental Observations

The values presented in Table 5 are derived from estimates
calculated from Appendix IV, Direct measurement of activities and
empirical observations are used vhere available, Lstimates based on
theoretical models have not been added at this time, In the next half

ycar the Battelle empirical study will be completed; it is expected to

-15-



TABLE

SUMMARY OF ACTIVITILS OF METALS IN PLATINUM AT 1533°K

nggogegt agtivity
Calcium T
Lithium 1070
Aluninum 108
Barium ™Y
Titanium 1072
Iron 1073
Antimony 1073
Cerium 1078
Sodium 1070
Potassium 107
Boron .l()'8
Argenic 1073
Neodymium 10-8
Lcad 10"3
Zinc 10”3
Silicon 1070



Bsadazo b Eome it §

provide activities of Li, Ca, Al, and Si. Other elements in small
amounts may 2lso be detected. With at least these four activities, the
Daecretical methods of estimating activities can be reliably tested.
2, Estimations Based Upon lTheoretical Models

Several authors have attempted to correlate various
empirical observations using different chemical models. The ultimate
in chemi.dl modeling would predict all desired variables from funda~-
mental principles. The ficld of estimating thermodynamic data, however,
is not graced with such a universal model to date. Several authors hav:
presented chemical models which could be used to predict heats of
form tion of chemical compounds. Thermodynamic activities can be
calculated from this variable, as is done in Appendix IV. 1In deveral
cases their ultimate goal was not to estimate heats of formation but to
estimate some other chemical property. Pauling (Ref. 3.2.3.) was
siaterested in finding a fundamental variable which would quantitatively
describe the attraction of atoms for bonding electrons. B. W. Mott
(Ret 3.2 2 ) has used an expression related to the heat of formation
to pradict whether or not a binary alloy system formed an immiscibility
pap ¥ Goldfinger has found an empirical ratio which has been used
principally to estimate dissociation energies of heterogeneous diatomic
pas molecules During the past quarter, an attempt has been made to

determine it these three chemical models could be used to estimate heats

of tormation of the platinum compounds of interest. Varley and Kubaschewski

have developed methods for estimating heats of formation directly. Their
worlk nas also been revicwed to determine if their estimating methods
would reliably predict the heats of formation of the platinum compounds

of interest.

-17-



a, Electronegativitx

Electronegativity is defined as a measure of the
attraction of an atom in a molecule for bounding electrons. Pauling
(Ref, 3.2.3.) determined electronetativities for fourteen elements
using bond dissociation energy data of gaseous diatomic molecules, For
the other elements of interest, he was able to calculate electronegativities

from enthalpies of formation using the equation:

o o2 ‘
AHf[ABn(s)] - 23,06n(hA EB) Eq., 1

where AH; is the enthalpy of formation of compound ABn(solid) and EA

and EB are the electronegativities of elements A and B,

Our objective was to use Pauling's electronegativities

to determine the enthalpies of formation of various platinum compounds.

£

electronegativities compared with measured values reported in the

Table 6 gives a summary of AN, values calculated from Pauling's
literature,

For some compounds large discrepancies exist between
observed and calculated heats of formation. The reasons for these discrep-
ancies are listed below with some possible alternatives to assist in
making Pauling's equation more applicable to the alloy systems being
studied.

(1) The electronegativity of an element is not
completely independent of the element being bonded as would be the
ideal case. The value of the electronegativity assigned to an element
does depend upon its valence state and upon the family of compounds
from which the clectronegativities have been determined. Pauling's

values of electronegativities were determined mainly {ron hients of
formation of halides and hy«rides. It is desirec e i .no aenos

18



of formation of metallic platinum compounds where the bonding is quite
different from that encountered in halides and hydrides. For example,
Pauling calculated the electronegativity of beryllium from the compounds:
BeClz, BeBrz, Belziand BeS and obtained an electronegativity value for
beryllium of 1.44, 1.47, 1,47 and 1l.44. Rounding these values to two
significant figures, the electronegativity value assigned to Be was

1,5, If the heat of formation of a Be=Pt compound is desired, using

the electronegativity values of the beryllium halides and sulfide of

1.5 may be erroneous,

A possible solution may be to recalculate a new
electronegativity value based upon the heats of formation of known
platinides. Pauling's equation has worked quite well in providing an
empirical relation between heats of formation and the slowly varying
parameter electronegativity within certain families of compounds. Just
as the heat of formation of the alkali chlorides decreases proceeding
from Li to Cs, one may also expect the heat of formation of the platinides
to decrease going from lithium to cesium. At high platinum concentrations
the allkali metals muv De expected to donate thelr valence electron to
the platinum lattice as they do to chlorine in the chlorides. This is
to say that although the heats of formation of platinides may not
correspond to a value calculated from the current electronegativity
table based upon the formation of halides, the heats of formation of
platinides may be expected to vary in a continuous fashidn within the
periodic table as do the halides. The empirical work at Battelle will
give a heat of formation of the platinides of: Li, Ca, Al, and Si, With
these values one could recalculate an electronegativity for platinum

which may be more reasonable in the platinide systems of interest., With

-~ Q=



TABLE 6

COMPARISON OF HEATS OF FORMATION CALCULATED
FROM ELECTRONEGATIVITIES WITH MEASURED VALUES

AH; (in kcal/mole
Allred-

Compound n Measured (1) Pauling Rochow Sanderson
Ag3Sb 3 5.5 1.6 31.9 15.2
AlAs 3 27.8 24,9 24,9 67.5
AUSbZ 2 47 5.6 21.3 10.2
AuPb, 2 1,5 16.5 35.6 3.9
AuCuj 3 6.5 17,3 7.5 0
Bap_Sn 4 90,0 92,0 111.4 109.4
Ca3Sb2 6 174.0 152.0 166,8 176.4
CaZng 5 33.0 41.4 56.4 73.6
CeAlu 4 39.0 14,7 26,8 35.4
CoSi 1 24.0 0,2 0.9 1.7
COSiZ 2 24,6 0.5 1.8 304
CUZSb 2 3.0 1.0 5.6 9.3
CuAlp_ 2 905 7.4 1.0 108
MgCu?_ 2 800 2205 903 407
Mgy Cu” 2 6.8 22,5 9,3 4,7
FeAl 3 12,2 6.3 0 0.3
Li3Sb 3 43,0 76,1 83.5 122.1
Na,Se 2 82,0 125,0 132,9 167.8
NiAl, 3 36.0 6.2 1.6 0.3
MgNi, 2 16.8 16.6 9.4 0.1
BeCuZ 2 11:25(2) 794 100 008
Be?_Cu 2 1100(2) 704 100 008
MgCop 2 5,55 16.6 7.4 0.1
MgCuj 2 7.2 22.6 9.4 4,7
MgCu 2 6.0 22,6 9.4 4.7
Th2Cuy 2 12,84(2) 16.6 9.4 8.9

NOTES: (1) Values from Ag3Sb to NiAlj from Ref. 3,1.19; Values from MgyNi to ThCup
from Ref, 3.1.12.
(2) These values are AF;



this new value for the electronegativity of platinum, one could ther
calculate the heats of formation of other platinides of interest, for
cxample the platinides of: Na, K, Mg, Sr, and B. Some feeling for the
success of such as estimation will be more evident when the experimental

work at Battelle is completed and more thermodynamic data is available,

(2) Pauling's main intention in deriving the
electronegativity scale was not to estimate heats of formation but to
define a parameter which varied systematically across the periodic table
and described quantitatively th~ attraction of an atom for bonding
electrons. As a result, Pauling's equation using the heat of formation
to derive electronegativities transforms a highly varient parameter,
the heat of formation, to one that is less sensitive, the electro-
negativity scale. A small variation in electronegativity therefore

corresponds to a large variation in the heat of formation.

Pauling also attempted to relate the bond
dissociation enersies of heterogeneous diatomic gas molecules to the
‘ond dissociatior enerules of the corresnonding homonuclear diatomic
gas molecules using the expression:

DIAB(g)] = 1/2 (D[A,(R)] + D[B, ()]} + 23n(EA-EB)2 Eq. 2
An empirical fit was also found using the relation:

1/2 N2
+ 30 (E,-E) Eq. 3

D[AB(g) ] = {D(A,(g)] « D[B,(g)]}
where D[AB(g)] is the dissociotion energy of AB(gas) and corresponds to
the reaction AB(g) -+ A(p) + B(g), D[AB(g)] may be morc reliably pre-

dicted from Pauling's electronegativities using Lquation 2 than
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T is approximately equal to

AHE[ABn(s)] using Equation 1., D[AB(g)) is certainly less sensitive
to the electronegativity expression of Pauling than AH;[ABn(s)]. P,
Goldfinger has found an empirical ratio which remains constand_
throughout a family of compounds and which relates AHEIAB(S)] from
D[AB(g)]. It is discussed further in a later section,

(3) In ionic and covalent solids the value of n
appearing in Pauling's equation is usually quite straightforeward to
assign: Oya ™ 1; ng, * 23 N,y " 3 and ng, * 4 in the corresponding
halides or oxides. As a bnd becomes more metallic, the n value to be
assigned becomes more nebulous. Should n equal 2 or 4 in MgzNi? Table
6 shows that n = 2 gives good agreement to the observed AH;(MgzNi) although
n = 4 gives better agreement to the observed value of AH;(MgZSn)

(Ref, 3.1.2.).

The activity of metals in Pt are desired at
the Pt=rich side of the binary phase diagram., When more reliable
data are available from the empirical Battelle study, a system for
evaluating n may become apparent. Rather than examining heats for
reactions such as:

LiPt, -~ Li + 2Pt

2

it may be more meaningful to look for trends in [Thins

Li
Li(pure) » Li (in Pt soln, lim -+ 0) Rx. 1
X1

for the reaction:

i because the entropy for the above

L1l

reaction is small by comparison, Therefore:

XS XS

HLi = FLi = RT In yLi(in Pt soln, lim Xy 0)
In the latter case Li (in Pt sol'n, lim X4 ” 0) is expected to have
an n, . value of 1, Similarly, Ca(in Pt sol'n, 1lim %ea 0) is expected
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to have an 0o, value of 2. In these cases, donation of the corresponding
valence electrons to the Pt matrix is highly probable. Knowing ﬁti

for Li, Mg, Al, and Si from the experimental Battelle study will be
essential in evaluating this adoption of the Pauling equation.

b. Electronegativity Tables of Allred and
Roclhiow and of Sanderson

Linus Pauling's electronegativity values are
calculated from the empirically observed bond energies and heats of
formation of compounds. The electronegativity values of Allred and
ochow and of Sanderson are derived from more fundamental parameters
{(Ref. 3:2.5.). The electronegativity values of Allred and Rochow are
equated to the Coulomb force at the covalent radius of the monoatomic
gas of the elements. Sanderson proposed a scale of electronegativities
based upon the relative compactness of the atoms. The resultant
electronegativity scales vary smoothly with atomic number.

The three scales of electronegativities were used
to calculate the heats of formation of several metallic compounds
using Pauling's equation [Eq- (1)] and are presented in Table 6. Of
the three sets of values, those calculated using Pauling's scale are
the closest to the measured values which is not surprising since his
values have been based upon empirical thermodynamic data. As a result

Pauling's electronegativity scale has been used in our study to date.

¢ lott's [emiscibility Criterion

Mott (Ref. 3.2,2,) proposed a model for predicting
immiscibility in metal systems which was over 90% effective., le

introduced a correcrion factor based on Pauling clectronegativities
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to the expression for immiscibility of Hildebrand (Kef. 3.1.40.). It
was hoped that using Mott's expression for AH; would give calculated
enthalpies which would more closely agree with measured values. The

equation for AH; derived from Mott's work is:

2
2 B - 2 - 5
BHS[AB (s)] = =23,060n (E, - E)° +

L\ 1/2 CN1/2 T2
(1/2)(V, - V) (“‘v -(‘“‘v (cal/mole of AB )
V' Ja Vo s "

where VA and VB = atomic volumes of components A and B

AEV & AEv = heats of vaporization

it

E, & E Pauling's electronegativities

A B

n number of Pauling bonds.

Table 7 gives a comparison of the measured
enthalpies of formation of selected intermctallic compounds vs. the
enthalpies calculated from Pauling's electronegativities and finally
the enthalpy calculated from Pauling's model with Mott's term.

The results were that the ;lott factcer, being
a large positive number, gave in some cases a positive enthalpy of
formation.

The conclusion was that the use of Mott's term
was not justified in these estimations.

d. _The Goldfinger Ratio: o

P. Goldfinger has found an empirical relationship

which may be useful in estimating heats of formation for the Pt alloys

of interest. For a given family of compounds, the ratio

o= All:t [AB(8) ]/D[AB(r)]) appears to be constant. Aﬂit [AL(s)] is the
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TABLE 7

COMPARISON OF HEATS OF FORMATION CALCULATED FROM PAULING'S
ELECTRONEGATIVITIES AND MOTT'S CORRECTION WITH
MEASURED VALUES IN Kcal PER MOLE

AH% (Kcal/mole)
Mott Adjusted Value
Correction Pauling and
Compound n Measured Pauling Term Mott
Ag,Se 2 - 5.0 =19.5 + 9,7 - 9,7
AgorTe 2 - 7.0 -11.5 +18,1 + 6.6
Ag3Sb 3 - 5.5 - 1.5 + 7.8 + 6.5
AuSb, 2 - 4,65 - 5.6 +16.3 +10.7
AuSn 1 - 6,4 - 5.7 + 8.4 + 2.7
AuSn 2 - 5.7 -11.5 + 8.4 - 3.1
AuPb, 2 - 1.5 -16.0 +24.,6 + 8.0
CoSe 1 =10.0 -13.0 +56,2 +43,2
CoTe 1 - 9.0 - 8.3 +79,6 +71.3
CosAs; 10 -26,6 =20,8 +26.5 + 5,7
CojAs 5 -13.5 -10.5 +26.5 +16.0
CosAs; 10 =27.,2 -20.7 +26,5 + 5,8
CoAs 5 -13.6 -10.5 +26.5 +16,0
ConAsy 15 =34.4 -31.0 +26,5 - 4,5
CoAs 10 ~22.0 -10.,5 +26.5 +16,0
CoSb 5 -10.0 - 7.0 +53.9 +46.,9
LFOSbZ 10 =-13.2 -14.5 +53.9 +39.4
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enthalpy of atomization of solid compound AB corresponding to the
reaction: AB(s) + A(g) + B(g). D[AB(g)] is the bond dissociation
energy of gaseous AB corresponding to the reaction: AB(g) +A(g) + B(g).
The reaction of atomization of AB(s) can
be expressed in two sequential reactions as follows:
AB(s) + A(s) + B(s) » A(g) + B(g)
and the corresponding enthalpy of atomization can be expressed as:
AH;to [AB(8)] = -AH;[AB(s)] + Aﬂ;to[A(s)] + Au;t,[B(s)]
where AHE (AB(s)] is the heat of formation of solid AB, the desired
parameter.,
Bond dissociation energies have been used
to determine part of L. Pauling's table of electronegativities using
the expression:
DIAB(g)] = 1/2 (D[Ay(2)] + DIB,y(g)]} + 23n (E, - E°
where the Ei's are the electronegativities of the corresponding
elements A and B,
Using the two expressions, the Goldfinger
ratio expected to be constant within a family of compounds becomes:

Aqg[AB(s)] + o [AGs)] + an [B(s)]

——

0
1/2 {u Ay ()] + D [By (1} = 23n (b,-E)*

Heats of atomization of the elements and bond dissociation energies
of homonuclear diatomic pases are known and appear in the literature.
Ref. 3,1.31. provides one such listing., One is therefore left with
AH;[AB(s)] as the only unknown in the " d' ratio. Unknown values can
be matched with known values if the two compounds can be considered

belonging to the same family,
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P

Table 8 shows the variance of o within
several families of compounds evaluated by Goldfinger., To date, the
relationship has not been fully investigated for intermetallic
compounds, Preliminary evaluation shows that it may be quite good.,
Although it contains Pauling's electronegativity term, it is far laess
sensitive to discrepancies in values of electronegativities than the
more direct Pauling relationship:

BH3(AB(s)] = =23n (E,-E)? (Kcal/mole)

As with the Pauling calculations, heats such

as AH“[LiPt(s)] will probably be replaced by H (1n Pt sol'n, lim xLi*O).

This heat corresponds to the reaction:
Li(pure solid) + Li(Pt solid sol'n, lim of x{i +0).

ﬁfi can be approximated from i

X8 _ TX8

H F" = 4 RT 1n yLi(lim x., + 0),

Li
Assuming Henry's Law holds to 1 atomic % solute: yLi(at/im x:; +0) =

(at x = 0,01) = [aPI (at % = 0,01)]1/1072, The current estimates

g Li
of aﬁt(ng = 0.01) appear in Table 5.

The accuracy of the method, as can be seen
from Table 8, is dependent upon which compounds are considered a family
and upon which known AH;'S are matched to desired estimated values.
The experimental runs at Battelle to be carried out in the next half

year are expected to furnish H (in Pt), (in Pt), H (in Pt), ﬂ (1n Pt)

as well as others. One would expect to obtain quite good agreement in
assuming Li, Na, and K to be in the same family of Pt compounds.

Knowing the value of x . and Yar % could then be calculated.

Li
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IABLES

COMPARISON OF P. GOLUFINGER'S " d' PARAMETER

VE XNOL OWRIDS

LicCl 0.71
NaCl 0.78
KC1 0.77
RbC1 0.74
CsCl 0.75
NaF 0.85
NaCl 0.78
Nabr 0.79
Nal 0.85
BeO 1.32
Mgo 1,42
Cal 1,36
Sr0 1.17
Ba0 0.95
BeS o

MgS 1,68
CaS 1,54
SeS 1.65
Ba$ 1,19
GeTe 0.75
SnTe 0,83
PbTe 1.07
BF 0.51
AlF 0.54
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e, Method of Estimation Used b! Vg;;e!

J. H. O, Varley has derived an expression for
the heats of formation of metallic compounds (Ref. 3.1.24, p. 900).

It takes into account atomic sized differences, referred to as the
strain energy term, and electronic interactions, raferrad to as the
electrochemical factor. Varley's effort is an attempt to relate
fundamental properties such as atomic radius, total number of electrons,
and ground state and ionization encrgies to the heats of formation of
compounds.

Table 9 compares values of heats of formation cal-
culated from his model with those experimentally observed. Considering
that his approach iz so fundamental, agreement between heats from his
model and observed heats is quite good. As can be seen from the
table and as Varley points out in his paper, agreement is within
+ 2 kcal,/g.a. when the elements making up the compound are close to
one another in the Periodic Table. (Exceptions are AuZn and AuCd.)
When the elements are two or more Groups apart in the Periodic Table,
errors of + 5 to 15 kcal./g.atom appear common: CuSn, CuPb, AgSn,
AgPb, AuSn, ZnMg, and ZnAl,

Because it is desired to estimate heats of formation
of compounds of platinum with elements far removed from platinum in
the Periodic Table, Varley's method is not accurate enough to be con-
sidered in this application.

£, A4S Versus AV

i b

Kubaschewski (Ref, 3.1,19.) showed that the heat of
formation (AH;) of a compound can be estimated from the change in volume

(dV) that occurs whon the two elements react to form the compound., Hlis
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plot of -AH; vs. =4V gave a smooth curve for many binary compounds
which included intermetallic alloys, oxides and halides, An accuracy
of + 6 kcal./g.a. is assigned,

Table 8 gives a summary of the measured heats of
formation for a number of binary metallic compounds as reported by
Kubaschewski. These values are compared with the AH; values estimated
from Kubaschewskli's curve of AH; vs, AV. When the estimated -AH; is
less than 10 kcal/g.atom, Table 8 shows that agreement between
calculated and observed values is good. When the estimated -AH; is
greater than 10 kcal/g.atom, large discrepancies appear.

Examining the empirically derived estimates
presented in Appendix IV, most of the platinum com:. .nds of interest
have =AH%'s greater than 10 kcal/g.atom; this method of estimation

£
does not appear to be applicable in this case,



TABLE 9

ESTIMATED AND CALCULATED HEATS OF FORMATION

TAKEN FROM J. H. O. VARLEY (REF, 3.1.24,)

System Agg (kcal/g.atom) for AOLQBOtQ
Calculated
Acceptor Donor Calculated Observed Minus Observed

Cu Zn - 2.4 - 2,5 + 0.1
Cu Cd* + 0,06 + 0,05 + 0,01
Cu Sn* + 4972 - 1015 + 508
Cu Pb#* + 7,2 + 1.89 + 5.3
Cu* Ag + 1,25 + 0.8 + 0.4
Ag Zn - 2,36 - 1.7 - 0,7
Ag Cd - 2,02 - lo3 - 007
Ag* Sn + 0,69 + 1.37 - 0.7
Au Cu + 1,56 - 0.9 + 2,5
Au Ag - 1,70 - 0.945 - 0,8
Au Zn =14.5 - 3.5 - 9,0
Au Cd =164 - 3.9 -12.5
Au Sn -1454 - 400 -1004
Zn Mg* + 0.865 - 4,27 + 5.1
Zn Al» + 0,050 + 0,56 - 0,51
Cd Zn + 0,750 + 0.53 + 0,22
Hg Zn¥ =~ 0,690 + 0.17 - 0,86
Hg cd - 1.89 - 1.10 - 0,79
Pb Sn¥ + 0,115 + 0,360 - 0,24

*Denotes liquid alloy
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TABLE 10

ESTIMATED AND CALCULATED HEATS OF FORMATION
TAKEN FROM O, KUBASCHLWSKI (REF. 3.1.19)

AHg AHg

(kcal?g,a,) Av (kcaligoa,) Calculated
Compound (Ref.3.1,19) % (From Graph) Minus Observed
Ange - 2,3 + 0.4 + 2.3
Aquz O le6 - 408 -3 - 104
AuSn - 3.2 - 2,0 -1 + 2.2
AuSnp_ - 1.9 + 0.8 + 1.9
CoSn - 2,4 - 9.5 -6 - 3.6
CoAl -13,2 =14,7 - 10 + 3,2
MgN1, - 5.7 -12.0 -8 - 2.3
NiTe - 405 -1659 - 10 - 505
Ni3Si - 8a9 -1802 - 11 + 201
ReSiz -2007 -3301 - 30 - 9.3
FeSi - 9.6 =40.7 - 41 +31.4
FeAl - 6,1 =15.1 - 21 +14.9
COAl -1302 -1903 - 25 -1108
NiaAl - 902 - 800 - 14 - 4.8
Cu3Sb - 0.6 -20,5 - 26 -25.4
CU3Sn - 108 - 900 - 15 -1302

*For compounds AgpTe through ReSi,; the value for AV was calculated from
reported density data, for compounds FeSi through Cuj3Su AV was calculated
from lattice constants.
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IV, SUMMARY AND CONCLUSION - SECTION 2A

The thermodynamic activities of oxides in laser glass melts
and of the corresponding metals in platinum are desired. An
extensive literature search on the gubject appears in Appendix 1.
Estimates cf activities based upon these findings appear in
Tables 2 and 6

Several theoretical models correlating the thermodynamic
properties of chemical compounds have been reviewed. Adoption and
modification of L. Pauling's electionegativity model and of
P. Goldfinger’s model show the most promise of veliably predicting
the thermodynamic proparties of the platinides,

As with any estimation, comparison to mcasured values is the
most valuable tool ‘The empirical study to be carried out at
Battelle in the remainder of the 1971 fiscal year will be of great

assistance.
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2B Particle Detection

An integral part of any program to reduce damaging particles
from laser glass must be a method of detection of such particles.

Several methods of detection have been advanced by workers
in the field. These include, for example, small angle scattering
and holographic techniques. However, none of these approaches has
proven completely reliable. In the final analysis, the most reliable
procedure to date for detecting damaging particles consists of
subjection of the glass to a high power laser pulse. Even this
leaves something to bs dasired because of the dependence of the
damaging threshold on the pulse width of the lasar emission,

frcvioua particulate damage work under this contract during
fiscal ye;r 1969 utilized Owens-111linois' high peak power laser.
However, this system is now being used in the holographic study of
surface damage currently being pursued under this contract. For
this reason, another high power laser is being adapted as a tool
for the final evaluation of melting procedures resulting from the
thermodynamics study being made under this contract. This laser
utilizes government equipment from Redstone Arsenal and is in the

final stages of modification. It will emit energy in a Q-switched

pulse sufficient for detecting damaging particles.



3. SURFACE DAMAGE

3A. Introduction

Damage to the surfaces of elements of glass and ruby laser
systems has been a problem since the genesis of the Q switched laser.
Although most studies of this damage have been limited to the lasing
material, the problem also includes beamsplitters, lenses, prisms,
etc. The solution to the problem for the lasing elements will
probably extend itself to these other elements.

The damage usually takes two distinctive forms depending on
whether it occurs in the entrance region of the laser pulse into the
sample or in the exit region. Generally, the first phenomenon to be
noticed as the energy density of the laser pulse is increased is a
small, rounded plasma at the entrance point. An even smaller plasma
of different shape is noted at the exit at the same or slightly higher
energies. As the energy density is increased these plasmas grow in
size until slight excoriation and/or pitting is seen at the exit. At
still higher densities this exit pitting becomes greater and excoriation
is also noticed in the entrance face. When the laser pulse becomes
energetic enough to self focus inside the sample, a relatively severe
increase in the size of the surface pit is sometimes observed.

It should also be noted that exit surface pitting sometimes seems
to occur in conjunction with self focusing. An exit pit is often seen
to lie on a line with self focusing tracks inside the material.

Several theories have been put forth in an attempt to explain the
mechanism through which surface damage is brought about. At least two

of these theories involve the plasmas which accompany the daterioration
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of the surfaces. There is evidence which suggests that these plasmas
initially arise from desorption by the laser pulse of impurities which
have been absorbed by the glass suriace, That this is the case, and
that surface damage is related to these plasmas, is evidenced by
experiments which show that the damage threshold increases signifi-
cantly when the surfaces are chemically treated in such a way as to
remove any impurities,

The two theories alluded to above postulate the damage to come
about as follows:

1.) A plasma is initiated by desorption of surface impurities
and grows as the laser pulse proceeds through it. Thermally energetic
ions bombard the surface, leading to thermal erosion, crazing, and
eventually pitting.

2,) The plasma is again initiated by thermal desorption, but in
this theory the damage is caused by a shock wave born of the rapid
expansion of tha plasma as the laser pulse expands it by further
desorption of impurities., This shock wave is strong enough to cause
fracturing of the material,

Other theories unrelated to the formation of a plasma contiguous
to the damage area have been proposed. Several of these are based
upon the conception of shock waves generated interior to the material
and propagating to the surface where they cause fracturing, The dif-
ferences among these theories lie in the several mechanisms they
postulate to cause the shock wave. Two of these are as follows:

1.) Electrostrictive forces "squeeze" the material, sending a

shock wave both backward and forward along the beam.
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2.) The shock wave is created in conjunction with self focusing
inside the sample, It is postulated that this self focusing is often
present even though no damage track is observed, either because the
track is too small to "see" or because no damage actually occurs,

One of the two phases of the surface damage program now being
carried out under this contract deals with determining the causes of
damage. All except one of the theories discussed above postulate the
existence of high intensity shock waves in the glass. In one of these
theories the shock is assumed to originiate at the surface from where
it propagates into the material, while in the other shock theories the
wave is postulated to originate within the sample from whence it moves
to the surface, Hence, if it can be ascertained first whether a shock
wave of sufficient magnitude to cause fracture exists in the material,
and secong, from whence this wave originates, then a large step will
have been taken toward validating or invalidating some of the damage
theories presented. Owens-Illinois is presently attempting to make
this ascertaimment in a most direct manner. The technique of double
exposure, stop action holography is being used to detect shock waves
in a glass sample through which a high power laser pulse has been
passed. By taking several holographs at various times relative to,
say, the leading edge of the damaging pulse from the high power laser,
the region of origin of any shock wave present will be determined.

The other phase of the program is predicated on the assumption
that the plasma accompanying surface damage is in part or in whole
responsible for the damage, Hence, if by treatment of the surfaces

we can either strengthen the surface or prevent the formation of a
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plasma, then we can eliminate, or at least decrease, surface damage,
In this phase chemical etching procedures are being explored which
will remove impurities and retain the polished surface., Also, ion
exchange techniques are being used in attempts to mechanically
strengthen the surfaces,

These two methods of attack are complementary. The one is an
attempt to clarify the causes of damage, the implication being that
once these causes are understood, the situation will be amenable to
corrective measures. The other assumes what at the present state of
the art seems to be a reasonable cause for damage and proceeds to try
to eliminate this cause, As the study proceeds the two efforts will
be closely coordinated. For example, if in the holographic portion
of the study, a shock wave from the plasma is found to fracture the

surface, then a mechanical strengthening of the surface is indicated.
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PROSU,

3B. Hologrephic Study

The experimental epperatus for the hologrephic detection of
shock induced stress patterns in a gless semple consists essentially
of two lesers, a high power glass laser for damaging the sample
and e ruby leser for making the hologram. The gless lasser is
cepeble of delivaring more then 60 joules in e 30 ns pulse, this
in a 2 cm? multimodel beam. The ruby lessr cen emit more then
2 joules in 20 ns vhen opereted smltimode; however, es it is now
being used it delivurs ebout 10 millijoules in 20 ns. This output
is in ths TEMyo mode and is accomplished by inserting a 1 mm diameter
aperture into the oscillator cavity,

Thé two lasers ere fired in a coordinated manner. The pulse
of the ruby leser can be inserted into the sampls to within 2 3 ns
relative to the insertion of the damaging pulse from the gless leser.

Ths 10 mj output of the ruby laser is too high for the hologrephic
fi... being used (AGFA 10 E75). For this reeson, a neutrel density
filter with e transmission of iess then 1% is used in the reference
section of the hologreph producing beam. A diffuser serves this
purpose in the objsct beam,

In order to sxpand the | mm diameter beam emitted by the ruby
laser, a short focal lsngth diverging lenss is used. Beceuse of
this, both the reference end the object beems ere sphericel, and
intensities of the two at the position of the film are strongly
dependent upon their rsspective peth lengths. This leeds to diffi-
culties in obtaining correct exposurea. A beam expender, which will

yield a collimatsd beam, hes been ordered to remedy this problem.
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The technique for making a doubla axposure hologram is well
known. First, a hologram of tha sample, in this case a gless
cuba, is made. Next, the sampla is subjected to the conditions of
intarast, in thiy case a high pover leser pulse, and enother ex-
posura is mada. Tha resulting holograms shows the sample with
interferance fringes due to changes in the sample between the two
axposures ''frosen" into ict.

Tha diffuser in the objact beam of our setup serves a purpose
additional to that of effectively attenuating the beam as wmentioned
above., When a doubla axposura hologram is made without a diffuser
in tha objact beam, there appeers on the film an interferogram such
as would ba observed if tha sampla were placed in an interferomster
and subjectad to stress. Each fringe is a separete hologram. This
pattern makas examination of the hologram difficult. However, when
a diffuser is used in tha sample beam, this trouble is no longer
encountered; the gross interferogram no longer appeers. There is,
however, a tredeoff., The diffuser leads to speckle in the finished
hologram, but this does not seem to be as serious as the interferogram
obtained in the absanca of the diffuser.

Work accomplishad to data is es follows:

1. Tha ruby holographic laser hes been received, assembled
and characterized.

2. Tha glaas lasar has bean modified to allow temporel
coordination of tha firing of the two lesers, This involved re-
placing by a Kerr call tha rotating mirror praviously used to Q
switch tha laser. A considerable amount of effort was expended

randaring tha system oparable with ths Kerr Cell instelled.
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3. The desired relative timing of the firing of the two lasers
has been achieved. This involved the design and installation of
the electronics required to interconnect the lasers.

4. Exposure problems related to the geometry of the
holographic setup and the energy output of the ruby laser have
been characterized.

5. ﬁouble exposure holograms of stress induced fringe
patterns in a transparent plsstic block have been made using the
Q switched ruby laser.

6. An attempt has been made to make double exposure holograms

of a glass sample subjected to a pulse from the glass laser.

During the work of (6) the Kerr cell used in the glass laser
was damaged on its output face. This dalaée was probably due to
self focusing of the laser beam by the nitrobenzene used in the Kerr
cell This trouble has been encountered with two different cells now.
The first cell was replaced, but it now appears that a Kerr cell
will not be an effective method for Q switching the laser used in
this experiment. The tendency of the cell to damage is not its
only drawback; the laser pulse obtained using the Kerr cell is
spatiaily very messy because of the characteristics of the nitro-
benzene For these reasons, we intend to replace the Kerr cell with
a Pockels cell

The following work is planned for the remainder of fiscal
year 1971.

I Llnstallatiun of the Pockels cell will be accomplished

2 In otder to render data obtained more meaningful, the

glass laser will be modified to emis a diffraction limited beam
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4, The final goal of detecting shock waves in a glass
sample subjected to a high power pulse from the glass laser

will be pursued.



3C. Chemical Treztment of Surfaces

The test equipment which will be used for this study consists
chiefly of a glass laser This laser is one of four being used in
work under the contract, the other three having been described
in previous sectiors of th.s report. It is capable of emitting
more than five joules in a thirty nanosecond pulse. The spatial
and temporal aspects of this pulse are currently being characterized

The study to be conducted will utilize the focused output of
this laser. The beam will be focused on the surface to be studied.
The damage threshold and integrated plasma characteristics will be
noted for each method of surface treatment tried.

Work during the period July 1, 1970 tc December 31, 1970, has
included, besides the modification of the laser described above, a
study of various surface treatments which might be effective in
increasing the surface damage threshold. These are as follows:

1 Surface Cleaning

This treatment removes soils on the glass that could act as
energy absorbers Cleaning techniques well known in the art of glass
cleaning will be employed They include:

sulfuric acid - chromic acid
hydrogen perioxide
detergents and surfactants
vapor degteasing

ultrasonics, etc

* a“.
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2. Surface Etch

This treatment removes a layer of glass in addition to
surface soils. The object here is to remove any grinding and
polishing materials that have become imbedded in the glass during
surface fin:shing The treatment involves the use of hydrofluoric
acid, probably mixed with other acids or modifiers. This treatment

may disturb the surface finish.

3 Monolayer Coatings

These coatings displace surface water and render the surface
bydrophobic. The coatings incluae silicones, fluorides, and

fluorocarbons

4. D:¢hydration

This is a simple heat treatment, perhaps under vacuum, to

remove surface water.

5 Thermochemical Surface Modification

This treatment will prestress the glass surface through ion

excl.: npe techniques

The taser described in the opening paragraph of this section
will be wtilized in tine initial stages of this work. However, later
stages will be conducted with a diffraction limited beam in order to
wote accutately measute the cffectiveness of the various chemical

Lrcatia b,
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The bibliography attached covers pertinent information obteined
to this date, Those marked with an asterisk (%) have not yet been
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WTEs W, lBrongor, ot al, iave dotermined crystal structures
of soveral I't compounds Ly reducing corresponding oxides
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APPENDIX II
CALCULATION OF METAL OXIDE ACTIVITY
IN SILICA FOR GLASS NO, 5-

XMe0 2Me0 heo
Component X X X
5102 00593 0e63 0&37
K20 2,12 X 1077 6.3 X 10-° 1.3 X 10-16
Ce0 1,6 X 10~
Fey03 9.4 X 10-8
Nay0 2,42 X 1077 6.3 X 10~ 1.5 x 10-15
Li,0 0,275 2.0 X 10=5 5.5 X 10-6
Nd;03 0.005
Ca0 0.100 7.6 X 10~2? 7.6 X 10-3

Mole fraction of network formers = xSio2 + XA1203 = (0,593 + 0,025 = 0,618,

Mole fraction of network modifiers =

X + x + x + 4+ X -+ + X = 00382.
Ky0 © “Ce0, * *Fe,0, xNazo Li,0 de203 Ca0
From Charles (Ref. 1,1,3.) the activity coefficient of L120 (YLi 0) at

-5 2

a mole fraction of 0.332 is 2.0 X 107~ at 1533°K. Since the activity

is defined as the product of the activity coefficient and the mole
fraction

= - =5 = -0
a4 g (xLi 0)(vLi 0) 0,275 X 2,0 X 10 5.5 X 1079,

2 2 2
Similarly from Charles the activity coefficient of K20 at a mole

fraction of 0,382 is 6.3 X 10'9; therefore

ay o= (% Dy o) = 2.12 X 1077 X 6.3 X 1079
2 2 2
= 1.3 X 10-16

Ray (Ref. 1.1.17) gives a value of Ycao of 7.6 X 10-2 at 1873°K.

1873°K _

= -2
a0 (2o,0) (Veao) = 0-100 X 7.6 X 10

Then a

= 7.6 X 10-3
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APPENDIX III
CALCULATION OF ACTIVITIES AND ACTIVITY COEFFICLENTS
FROM BINARY FREE ENERGY OF FORMATION DATA

BaO(c) + 25102(c)'- BaSizos(c)

AF3

1500°K = = 414300 cal/g.mole

[\ = ©
AF = AF° + RT 1ln aBaSiZOS

(aBaO) X (a

2
SiOz)

Assume:!
1) AF = 0 ( system at equilibrium)

2) Activity of Si0, = 1

2

3) Activity of BaSi, 0. = 1
275 = e

then 1n (aBaO) T eem———

= "5086 P -6
850 10 1.38 X 10

X3a0 = 1/3

- a /x = 38 %10
YBao ® 2®3aq’*Ba0 0.333

- -6
Ypao = 4-18 X 10
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APPENDIX IV
CALCULATION OF THE ACTIVITIES OF METALS IN PLATINUM

1. Silicen
1, 10 MethOd 1

The activity of Si in Pt (ag;) can be related to the
free energy of formation (AF;) or the heat of formation (Auz) of a

Pt-rich Si~Pt intermetallic compound, such as SiPt3° AH; (SiPta)

£8 of similar compounds.

can be estimated knowing AH

Si (pure solid) - Si (in Pt)

a
AF, = AF° + RT 1n SU(TOREE

3si(in S1)

Choosing Si (pure solid) as the standard state, agi = ] and AF;x = 0,

A

S AF = RT 1n [aSi(in Pt)]

Because both reactants and products of the reaction are solids,

4S = + 2 cal/deg. mole and |AH[>>|TAS

°

Adding Pt to both sides of the reaction, one obtains:

3Pt + Si(pure solid, 1533°K) Lrxy si(in Pt, 1533°K) + 3Pt

A%
AF, AF
Si(in Pt, 298°K) + 3Pt(298°K)
‘ A

Ab4

Si(in SiPty, 298°K) + 3Pt(in SiPt,,298°K)
A

v OF

3Pt + Si(pure solid, 298°K) 212 3 SiPt,(293°K)
Because'AFrx is path independent:

o 83 T '
AFrx = ZAli A-l + AFZ + AF3 + AF4 + AFS

-] -]
AF, =  OF3(SiPt,, 298°K)

AF3 = 0 because the Si, Pt, and SiPt3 are in equilibrium within the SiPt3 phase.
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Log a

APPENDIX IV (cont'd)

AFA-O when the Pt and SiPt3 phases are in equilibrium.

= AH, .

AF1= AF5 because ACP for the reaction (rx)= 0 and AF:I. "

. 1Y oxy = Pt
OF . =0F, = AFg(SiPty, 298°K) = RT In ag,

Solving for aSi(in Pt)

OF(SiPt3, 298°K)
RT

1

" 8si(in Pr) T
AF;(SiPtS) has not been experimentally determined.

AH;(SiNia) has been determined. Assume:

AF3(S4PE,)= OHS(SLPE,)= ANS(SING,) = -35,5 keal/mole (Ref. 3.1.19, p. 340)

-(35.500 o g5
Log ag4 (4npe) ™ —_é?"'(z.aoa 1.9"‘27""7_87) 1533 5:075 ag; 4y pey = 10

1,2. Method 2

Assume: a
S1(Pt) = ag4 (pg)
- -5 - .
34 (pa, 1550°¢) = 4+3 X 1077 for xg, = 0.26 (Ref. 2.4.2., p. 115)
- "'5
asi(Pt) 403 X 10
1.3,  Method 3
Assume - aSi(Pt) - aSi(Re)
Re,S1 » 3 Re + Si
AG® = A + BT Log T + CT (Ref. 3.1.19,p, 341)
A= 24,600; B= 0; C= +5
° N e
%0 Re,51(1533°K) 31,760
=31,700
si(Re)” °% %si(pe)” 1Z.303)(1,987)(1533) <4453
= -4553 !
a5i(pey = 10

1.4 lMethod 4

Assume? aSi(Pt) - aSi(Ni)

-1 -4 -5
a = a = X Y = 10 " x 10 = 10
Si(Pt) Si(Ni) Si(Ni) 'Si(Ni) (Ref. 3.1.34, p. 1330)
-5
3gy(pe) = 10
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2, Calcium

Ca + 2Pt -+ CaPt (Ref. 3.1.8, p. 246)

2
No thermodynamic data is available,

. ° [ ’
Assume s AFCaPt2 10 K cal/g.a.

Log a =(~10,000) (3) - - -
Ca(Pt) {325357(1.&3%7?I533) 4,27

-4027
3ca(pe) = 10

3, Lithium

Li + 2Pt » LiPt (Refo 301.80. P 586)

2

"Contamination free Li and Pt react in a violent exothermic reaction
at 540°C in a vacuum or an inert atmosphere to form the compound

Liptzo" (Refo 3.1089. Pe 586)

T = 1329°C (Ref. 3.1.19, p. 377)

Boiling (Li)
Assume that for the reaction to be violent, boiling of Li must occur,

A & Cp AT + AHvapotization (Li)

Cpm 6.3 (Refo 301035. po 114)

ﬁnvhpotization (Li) = 35,5 K cal at B.P. (REfo 301019. p0377)

AH = (6.3) (1330 - 540) + 35,500
= 40,500 cal/mole

for an exothermic reaction AH is negative

AH VAT (from 1.1)
=40 ,500
Log a1, (pe) = (009 (1,087 (15335 ~ 277
- —5977
8 i) = 10
4.__Aluminum
4010 MethOd l
Al + Pt - AlPt (Refo 301.80. Pe 50)
d 0 = ° °
assume: ArAlPt AFAlNi ~ AHAlNi |
AHRlNi = 28,300 cal/mole (Ref, 3.1,19, p. 342)
-28,300
Log a)(pt)y = Z.303)(1.987)(1533) - 403
-4

aAl(Pt) - -72-



4.20 l{EthOd 2

AF® £ =52,6 cal/mole (Ref, 3.1.36)

Pt3A1
=52, 600

AL(Pe) T (2,303) (1.987) (1533)
-?.5

Log a

‘ aAl(Pt) s 10

Note: VFor aluminum method 2 is preferred,

3. Barium

Ba + 5Pt -+ BaPt (Ref, 3.1.,10., p. 273)

5

No thermodynamic data is available,

. "L P
Assume: AkBaPts 10 K cal/g.a.
© L _(=10,000)(6 g an
Log ag. pe) = (20303 (L08N (1533~ = " 8%
-80 55
aBa(Pt) = 10

6. Titanium

3Pt + T + TiPt (Ref, 3.1.8., pe 752)

3
AF';iPts s -9,2K CBl/goao (Ref, 301013.. Pe 189)
~9100) (4
ALog ary (pe) * T37303)(1.987) (1333 ~ 2
"552
argpe) = 10
7, Iron
a - 10'3°“6(x = 0,01) (Ref. 2,5.3 338)
Fe (Pt) Fe = °° ° Cededey Po
8. _Antimony
25b + 5Pt - PtSsz (REfo 301.10.. Pe 1138)
assume? AF? = AF°
PCSSb2 NiSsz
AFNiSSb,) =~ 36,4 K Cal/m°16 (Refc 301019, Pe 340)
2 Lo = = hl.—gn(?-———-— o - 5 2
£ Agh(Pt) (2,30.,(1,987) (1533) ’
a = 10"2°6
Sb (Pt)



Ce + 2Pc ~ (:Gl"l:2

0 - - ¢
A'CePtg 55 K cal/mole

Lo a . «55,000
B 8ca(Pe) 1"'2.3'371‘2:0 T WTHIDR

'7.84
Sca(pe) " 19

10._other Activities

Na, assume .Na(Pt) - “Li(Pt) s 10

'5075
K, assume 'K(Pt) - 'Li(Pt) = 10
B, assume -g - 10'7'5
’ ®s¢pe) © Sar(re)

As, assume a,, (pe) = 85 (pc)
Nd, assume &, pey = dce(pe) * 1

Pb, assume a,, ey = g, (pe) = 10

in, assume aZn(Pt) = “su(v:) = 10

'5.75

- 10'2.6
0-7048
'206

'206

(“0‘. 3¢1.1°. P 460)
(“cfo 301.370)

s = 7,84



