
Lawrence Berkeley National Laboratory
Recent Work

Title
EFFECT OF AMBIENT ATMOSPHERE ON THE WETTING OF PLATINUM and GOLD BY BORATE 
GLASS

Permalink
https://escholarship.org/uc/item/1394b188

Author
Holmquist, Glenn Allen.

Publication Date
1975-05-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/1394b188
https://escholarship.org
http://www.cdlib.org/


... 

LBL-3905 t'., 

EFFECT OF AMBIENT ATMOSPHERE ON THE WETTING 
OF PLATINUM AND GOLD BY BORATE GLASS 

Glenn Allen Holmquist 
(M.S. thesis) 

May 1975 

Prepared for the U.S. Energy Research and 
Development Administratio~ under Contract W -7405-ENG-48 

For Reference 

Not to be taken from this room 



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. 



0 0 

-iii-

Contents 

ABSTRACT . . . . . . . . v 

I. INTRODUCTION . . . . 1 

II. THEORETICAL DISCUSSION 4 

III. EXPERIMENTAL PROCEDURE . . . . . . 10 

A. Glass . . . . 10 

B. Metal . . . . 10 

c. Experimental testing apparatus . . . . 11 

D. p Variation test procedure . . 
02 

. . . • 12 

IV. RESULTS AND DISCUSSION 14 

A. Platinum 14 

B. Gold . . . . . . . . . . . . 17 

c. Water · 18 

v. CONCLUSIONS . . . . . 20 

ACKNOWLEDGEMENTS . . . . . . . . 22 

REFERENCES . . . . 23 

TABLE · . . . 25 

FIGURES CAPTIONS 26 

FIGURES . . . . . . . . . . . 27 

. -



0 0 u d 7
.· \'.·.1 ~' ·0' ~ J ~ J v • 6 s· 

-v-

EFFECT OF AMBIENT ATMOSPHERE ON THE WETTING 

OF PLATINUM AND GOLD BY BORATE GLASS 

Glenn Allen Holmquist 

Inorganic 'Materials Research Division, Lawrence Berkeley Laboratory 
and Department of Materials Science and Engineering, College of Engineering; 

University of California, Berkeley, California 

ABSTRACT 

Sessile drop experiments were conducted to analyze the wetting 

characteristics of molten sodium borate glass on platinum and gold. The 

absorption of water vapor by the glass and adsorption of carbon and oxy-

gen by the substrates can significantly affect the wetting characteris-

tics of the glass. Absorption of water vapor by the glass changes the 

composition of the glass, a reaction occurs at the solid-liquid interface 

and spreading of the glass on the substrate occures. Carbon or oxygen 

adsorption on the substrate can decrease the solid-vapor interfacii:ll 

energy with a subsequent change in wetting. Each of these adsorption 

processes was studied. The effect of oxygen adsorption was determined 

and a theoretical model is developed to help explain the results. The 

adsorbed carbon was removed from the substrates by oxidation. An exami-

nation of the thermodynamics of this reaction was made for a platinum 

substrate. Lastly, the possible reactions that can occur at the water 

contaminated glass-substrate interface were examined. 
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I. INTRODUCTION 

Previous work in this laboratory1 •2 has developed a bonding theory 

for glass-metal interfaces where the saturation of the interface with 

the oxide of the metal is prerequisite for the formation of a continuous 

chemical bond along the interface. The theory was applied to the iron-

. 3 
glass system with excellent experimental agreement. Similar studies on 

wetting and bonding were conducted with the platinum-glass system. How-. 

ever, due to the low solubility of platinum oxides in glass and a simi-

larly low solubility of oxygen in platinum, convincing experimental evi-

dence was difficult to obtain. Similar difficulties were encountered in 

the gold-glass system. 

The transition region of the-substrate metal oxide is yet to be 

directly observed across a platinum-glass or gold-glass interface where 

bonding is present. However, the argument for the need of saturation of 

the interface with the metal oxide is strengthened by thin film experi;.. 

mental work. 
. . 4 

S. F. Vogel and I. C. Barlow noted that sequential sput-

tering of platinum films on alumina substrates in oxygen and argon 

followedby heat treatment in air resulted in strongly adherent films. 

5 ' D. M. Mattox reported that gold can be made to adhere strongly on fused 

silica if deposited in the presence of oxygen. Expe'riments by Moore 

and Thornton6 with gold melted on silica have shown strong adherence and 

diffusion of gold into the silica in the presence of oxygen. Without 

oxygen there was neither adherence nor diffusion. Gold diffusion and 

drop adherence were greatest at the edge of the drop, i.e. at the gold

silica-oxygen interface. Similar evidence is reported for gold on alumina? 
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Research by the glass·· industry has revealed that the solubility of ·. 

platinum oxide in molten glass is small but significant. The problem that 

prompted this work is i:hat laser rods formed from glass processed in plat-

inum crucibles were found to contain metallic platinum inclusions. When 

these rods were operated at very high power levels the platinum inclusions 

would vaporize creating large damage sites. Boling, Spanoudis and Wingert8 

identified the source of the inclusions as the dissolution of metastable 

·platinum oxides in the melt during processing. The solubility of these 

oxides seems to be very small and temperature dependent. Upon cooling 

the glass melt becomes supersaturated; the oxide precipitates and dis-

sociates to oxygen and platinum metal (the inclusions). As ceramic cru-

cibles are unacceptable due to their·own contamination problems, a pro-

cedure was developed for processing the glass in platinum crucibles in a 

neutral or reducing atmosphere, with a final heat treatment in air. Under 

these conditions the amount of dissolution was minimized by the neutral 

or reducing atmospheres. Lastly, when the activity of oxygen over the 

melt was increased any platinum inclusions originally in the raw ingre-

dients would be oxidized and dissolve. It is interesting to note from 

9 the results reported by Woodcock in an earlier work , that vapor transport 

of platinum oxide is sufficient to saturate a glass melt in a ceramic cru-

cible when platinum is present in the furnace hot zone. 

All of this evidence for reactions at platinum-glass and gold-glass 

interfaces lends credence to the application of the metal oxide saturated 

transition theory. Assuming the theory correct, it follows that an under-

standing of the wetting and bonding characteristics would have to include 

an accurate assessment of the oxygen chemisorbtion ,or oxide formation on 
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the metal surface. It is the purpose of this study to develop such an 

assessment by modeling the adsorption phenomena to yield the functional 

variation of the metal-vapor interfacial energy with oxygen pressure. 

Further, by observing the effect of oxygen variation on platinum and gold 

substrates contaminated with carbon, to determine experimentally the tern-

perature~pressure relationship for the carbon oxidation reaction. 

S jailO d h , ll h · d h h i 1 i i .di omor an ot ers ave reporte t at eat ng p at num n an ox1 z-

ing atmosphere is effective in the removal of adsorbed carbon. Finally, 

another purpose is to experimentally determine the wetting characteristics 

and to identify the in~erfacial reactions of the glass with platinum or 

gold in atmospheres of varying oxygen and water vapor pressures. 
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II. THEORETICAL DISCUSSION 

In order to interpret the wetting behavior of a platinum-glass 

system in a changing oxygen atmosphere a model will now be developed for 

oxygen adsorption on a polycrystalline platinum surface. The adsorption 

phenomena will be treated as the weighted sum of Langmuir isotherms for 
I 

each characteristic adsorption site. The distribution of the number of 

sites, hence the weighing factors in the sununation, is not easily deter-

mined; therefore, the model is only a qualitative guide. 

The model is constructed using Gibbs' equation and convention, 

Young's equation and Langmuir adsorption isotherms. Gibbs' equation is, 
(1) 

r2 
(1) 

a =-. RT 
dy 
da 

r2 = adsorption density of gas (the solute) 
on the metal 

y = interfacial energy 

a = activity of the adsorbed gas 

R = gas constant 

T = temperature 

(1) 

By convention (Gibbs' convention) the interfacial plane is chosen where 

the adsorption density of the solvent is zero. 

(1) 
r1 = o (2) 

Dropping the superscript and subscript on r and rearranging equation 1, 

d y = - f RT d ln a (3) 

Assuming low pressures the activity of the gaseous adsorbed specie is 

equal to it's partial pressure. 

dy = - f RT dln p (4) 

·. 
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J ysv 
dy:;:

ys-vac 

6 8 

~aJ r 4lnp· 

-- RT/r dlnp 

ys-vac = interfacial free energy 
of a clean surface in a perfect 
vacuum (constant for constant 
temperature and surface structure) 

Young's equation is 

y cos e = y - y lv · sv sl 

e = contact angle 

)Sv = solid-vapor interfacial energy 

"(Sl = solid:-liquid interfacial energy 

ylv = liquid-vapor interfacial energy 

Substituting for ysv in Young's equation, 

v cos e = y - RTfr 'lv · s-vac 

This has been derived by Adamson. 12 

dlnp - ysl 

The molten glass surface is assumed to be inert with respect to 

variation of oxygen pressure; hence, ylv is assumed constant. Since 

(5) 

(6) 

(7) 

(8) 

y is constant and in the absence of a reaction ys· 1 is also constant, s-vac 

then 

cos 8 = const - RT t; dlnp 
YlvJr 

Now, assuming the simplest adsorption isotherm with Langmuir's 

(9) 

model, thereby assuming that the adsorption is a reversible process, and 

evaluating for one type of site, 

fractional coverage = __EL 
l+bp 

(10) 
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b = the constant that is characteristic 
of the site and system 

p = partial pressure of the adsorbed 
species 

The total adsorption is the summation 

fi = weighting factor for site i 

fractional coverage =~ f i • hiP 
ftotal =,!: fi N N 1 + b p 0 i 0 i i 

N = Avogadro's number 

a = surface area per adsorbed atom 
i or molecule for site i 

Substituting in equation 8, 

Yi, V cos 8 = - YsL + 

"fLv cos e 

Evaluating from zero to p 

y Y. f 
e = S-VAC - SL - _.!:!__""' _.!. ln (1 + b P) 

YLV NyLV LJ 0 i i 
cos 

(11) 

(12) 

(13) 

(14) 

(15) 

In order to interpret this relationship one must consider how the 

oxygen adsorption varies as a function of pressure. Each individual type / 

of site will reach full coverage at different pressures as characterized 

by the constant bi in the isotherm for that site. This constant is small 

for active sites (where oxygen is easily adsorbed) and large for less 

active sites. Therefore the change in the solid-vapor interfacial ener-

gy, hence the change in cos e, is not necessarily a smoothly decreasing 

function of the oxygen pressure. 
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Below the boiling temperature of platinum the formation of Pt0
2 

is 

. 13 
favored over the formation of PtO. Calculations shall be made for Pt02 

formation only • 14 Hayward and Trapnell report a fractional coverage of . 
62% oxygen at room temperature. For 100% coverage the minimum oxygen 

pressure would be that necessary for the formation of Pt02 as a condensed 

phase. Although the thermodynamic values for the bulk material may differ 

from those for the chemisorbed monolayer, the difference is small. Since 

the equilibrium constant for the formation of Pt02 is not available an 

approximation is made for it and the corresponding oxygen pressure is 

calculated. 

15 Alcock and Hooper c~lculated from experimental data for the 

gaseous form, 

Pt (s) + 02 (g) = Pt02 (g) 

~G = 39,270 - 0.93 T cal/mole 

The enthalpy for the formation of Pt02 solid however, is unavailable and 

is estimated from similar data for it's neighbors in the periodic table. 16 

The estimate is 

Pt (s) + 02 (g) = Pt02 (s) 
0 

~Hf = 30,000 ± 20,000 cal/mole 

Then, it is assumed that the entropy change for the formation of the 
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w (s) + 02 (g) = wo 2 (s) 

~8298°K = -44.73 

~8800°K = -42.28 

~8 1273°K= -40.54 

Then using the average values for ~S 

Since at equilibrium 

Pt (s) + 02 (g) = Pt02 (s) 

~G298oK = 30,000 + 45.47 T 

aG800oK = 30,000 + 43.08 T 

~G1273oK = 30,000 + 41.21 T 

~G = +RT ln P
02 

where the activities of the platinum and the oxide are one, then 

at 800°K = 16.5 atm 

P
02 

at 1273°K = 7.2 X 103 atm 

Therefore, at standard temperature and pressure the formation of Pt02 

as a stable phase is predicted from these approximations. 

Due to the variety of surface sites the formation of PtO may be more 

favorable at some sites. From observations via electron spectroscopy 

Kim, Winogard and Oavis17 reported three types of bonds: PtO b , PtO a s 

and PtOz all coexisting on a platinum surface oxidized at 300°C in oxy-

gen. Theexistence of PtO as a condensed phase however, is still under 

18 question. 

Active and less active sites can be identified by considering the 

surface structure of the platinum and noting the results reported in the 

• 
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low energy electron diffraction (LEED) literature. Experiments by 

19 20 Somorjai ' have shown that oxygen does not adsorb appreciably on (111), 

(100) and (110) surfaces. 21 Theoretical models concur. However, it has 

been shown that oxygen is strongly adsorbed on stepped surfaces. The 

cleaning procedure for the experiments was critical with carbon being the 

most troublesome contaminate. -6 Oxygen pressures of 10 torr were typical 

for these LEED experiments where oxygen was seen. These observations in-

dicate that active sites reach full coverage at very low pressures. 

In the final analysis, if the characteristic adsorption constants 

(hi) for important sites are determined this model will become a powerful 

quantitative tool for platinum surface adsorption studies at reduced 

pressures. 
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III. EXPERIMENTAL PROCEDURE 

A. Glass 

Three borate glasses were used: anhydrous boric acid - 100% B2o3 , 

a solder glass - 94% B2o3 and 6% Na2o, and borax glass - 69% B2o3 and 

31% Na2o~ The anhydrous boric acid and borax glass were obtained from 

the U.S. Borax Chemical Company. The solder glass was obtained from Dr. 

D. Levine of Dow Chemical Company. The impurity concentrations are listed 

in Table 1. The values for the 94-6 solder glass were determined by 

spectroscopic methods; those for the borax glass and boric acid are those 

reported by U.S. Borax Company. 

All of the as received glasses contained water vapor. These glasses 

. -4 were vacuum outgassed in platinum crucibles at 1000°C and 1 X 10 torr 

until all bubbling ceased. Both outgassed and as received glasses were 

stored in evacuated dissicators. Unless it was used immediately after 

outgassing the 100% B2o
3 

glass always bubbled to a small degree when 

melted in a vacuum environment. The soda containing glasses did not 

absorb·)' water as readily during storage. 

B. Metals 

Platinum and gold were obtained from LBL Berkeley. Both were of 

99.99% purity~ The platinum foil (0.005 inches thick) and the gold foil 

(0.010 inches thick) were cut into 0.5 X 0.5 inch specimens. These 

specimens were degreased ultrasonically in tetrachloroethane, then in 

isopropyl alcohol. The platinum was annealed at 1450°C in air for two 

hours and stored in plastic boxes. Immediately before use the specimen 

was immersed in a 1200°C quench furnace for ten minutes and air quenched 
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to room temperature and then introduced into the testing apparatus. The 

gold specimens were annealed at 1000°C for ten hours and stored in plastic 

boxes until use. Heat treatment in any atmosphere was possible at temper-

atures below the gold melting point in the testing apparatus. However, no 

additional treatment was found necessary. Acid etching after annealing 

was tried with both metals without effect. 

C. Experimental Testing Apparatus 

Controlled atmosphere experiments were conducted in a one inch 

diameter fused silica tube furnace (Fig. 1). The tube was fitted with an 

optically flat end for viewing and a quarter inch tubulation for gas input. 

The other end was fitted with a half inch silica tubulation for the attach-

ment of the ion gauge, and a sperical ground silica joint (female). The 

male stainless steel spherical joint, equipped with a thermocouple gauge, 

was soldered to a liquid nitrogen cold trap made of copper. The cold 

trap was connected by five feet of three quarter inch rubber vacuum hose 

to a valve manifold and diffusion pump. The input gas tubulation was con-

nected to a liquid nitrogen cold trap in line with a leak valve and a des-

sicator-with.calciumsulfate. The dessicator maintained a -100°F dew 

point (equivalent to 3 parts per million water) in the flowing gas 

(typically air). Finally, a temperature controlled clam shell furnace 

enclosed the center of the silica tube and heated a five inch length iso-

. thermally to a maximum temperature of 1200°C. 

For experiments designed for carbon contamination of the metal 

specimens the cold traps were not activated. The vacuum hose evolved 

organic vapor, probably from the plasticizers in the hose. These vapors 

coupled with some backstreaming from the diffusion pump were sufficient 
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to contaminate the platinum and gold surfaces with carbon. Most 

interesting is the fact that the surface energy of the platinum, ·or gold 

substrate, was always reduced by the same amount as indicated by the con-

tact angle, regardless of the time allowed (a few minutes to 18 hours). 

Care was taken before the experiments to air anrieal the foil substrates 

long enough to allow all dissolved bulk carbon to diffuse to the surface 

where it was oxidized to a gas. In this way the bulk of the substrate 

was eliminated as a source of carbon. The major source of carbon intro-

duced during the experiment seems to be the gaseous hydrocarbons from the 

vacuum hose (plasticizers). These vapors decomposed to carbon and hydro-

gen gas on the substrate surface.· This reaction apparently occurred 

quickly to a certain carbon concentration. This phenomenon was repeated 

with the same results time after time in the same vacuum system. Lambert 

et a1. 23 have reported the growth of monolayers and amorphous carbon on 

. platinum by this hydrocarbon contamination method. 

Contact angle measurements were made by observing the glass drop, 

illuminated from behind via the mirror, through a telescope equipped with 

a filer micrometer eyepiece. Angles were measured directly using a pro-

tractor connected to the eyepiece. In a few cases the accuracy of the 

method was checked by calculating the contact angle from values of the 

height and width of the drop assuming it to be part of a sphere. The 

estimated precision of the reported data is ± 2 ° except below values of 

10° where the error was± 3°. 

D. !Q Variation Test Procedure 
2 

PlatinUm substrates, upon removal from the quench furnace, were 

placed on a ceramic (alumina 99%) support. A 50 to 100 milligram piece 
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of outgassed glass was placed on the platinum. This sessile drop 

assembly was then placed in the middle of the fused silica tube, and the 

silica tube was placed in the clamshell furnace. The silica tube was 

fitted with the ion gauge. and gas inlet couplings, flushed with dry air 

and evacuated. If appropriate, the liquid nitrogen cold traps were 

activated. The temperature was raised to that appropriate for the ex-

. periment. 

It should be noted that the male spherical joint was therinally 
\ 

linked to the cold trap. During operation of the trap the metal glass 

joint was maintained at approximately l0°C or lower. This unintentional 

but fortuitous condition probably reduced the pressure of the silicon 

vacuum grease. When cold trapped, the grease at the spherical joint and 

that at the coupling to the ion gauge were the only sources of grease 

contamination directly accessible to the reaction zone in the silica tube. 

The spherical joirit was heated by infrared radiation from the hot zone; 

the ion gauge coupling was not. The carbon free experiments indicated 

that these sites were no.t significant sources of contamination. In a 

hard vacuum the platinum would remain carbon free for as long as two hours 

when cold trapped. Without the cold traps carbon contamination occurred 

rapidly. 

The application of sessile drop data to Young's equation is correct 

for a system at equilibrium. Lengthy experiments were conducted to in-

sure equilibrium conditions. Often data was checked for repeatability 

over a period of several days with the specimen maintained at temperature. 
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IV. RESULTS AND DISCUSSION 

A. Platinum 

The data for the sessile drop.contact angle vs. oxygen pressure at 

900°C for carbon-contaminated and carbon-free platinum are shown in Fig. 

2. The data for all three borate glasses were identical. So many points 

were generated in all the experiments with the three glasses that for 

clarity only average lines are shown in the figure. It was concluded that 

the soda content of the glass does not significantly change the solid-

liquid or liquid-vapor interfacial energies of the molten glass. Further-

more, it can be interpreted that little or no segregation of sodium oxide 

occurs at the interface. 

For the carbon-free conditions the contact angle is invarient at 

6° ±3° over the range of 1 X 10-4 torr to 0.2 atmospheres of oxygen. 

According to our model for oxygen adsorption this result indicates that 

in the pressure range of our experiment at 900°C there is no oxygen or 

no additional oxygen adsorbed. Active sites may already be filled at 
-4 . 

oxygen pressures less than 1 X 10 torr. Moreover, any other sites do 

not adsorb until pressures greater than 0.2 atmospheres are reached. 

The carbon-contaminated platinum shows a precipitous drop in contact 

angle, hence an increase in: solid-vapor interfacial energy, at a critical 

oxygen pressure where the adsorbed carbon is oxidized to gaseous carbon 

monoxide. The oxidation occures at one value of oxygen pressure at a 

given temperature, which indicates that all the carbon is adsorbed at 

similar or identical sites. The platinum foil used was first annealed 

at 1450°C for two hours, which is sufficient time and temperature for the 

surface of each grain to orientate itself so as to expose only a low 
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energy surface and to become thermally etched at the grain boundaries. 

The thermal etching would create a very large number of stepped surfaces, 

hence active sites, at the grain boundaries. It is believed that this 

very high surface density of active sites at the grain boundaries is where 

the carbon was adsorbed. 

2 24 If it is assumed that at .900°C ylv for the glass is 80 ergs/em , 

and the clean platinum has a ysv of 200025 , then the solid-liquid inter-

2 facial energy at 6=6° is 1920 ± 1 ergs/em • For the carbon contaminated 

case where 8=68° and the liquid-solid interfacial energy is assumed to 

be unchanged (this is only for an approximation of the change in y ) , 
SV 

the solid-vapor interfacial ene~gy or surface energy of the carbon con-

2 
taminated platinum is calculated to be 1950 ± 3 ergs/em • So, the 

2 carbon reduces the surface energy of the platinum about 50 ergs/em • 

It is possible to calculate approximately the amount of carbon that is 

responsible for this reduction in y • The reaction and equilibrium sv 

constant are 

Cabs + i/2 02 {g)~co (g) 

Pco K =-.;;...:;:~-
eq 1/2 

Po2 • ac 

where the partial pressures of 02 and CO have been substituted for their 

activities as the gases are assumed to behave like ideal gases at these 

reduced pressures. 

We can estimate the activity of adsorbed carbon if the following ' 

16 assumptions are made. The reaction occurred in slow flowing oxygen 

and, assuming equilibrium, the pressure of carbon monoxide was twice 

that of the oxygen which was measured. Further, if we assume the 
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equilibrium constant for bulk carbon being oxidized to carbon monoxide 

26 to be applicable, then the following calculation can be made. 

therefore 

K = 109.479 
eq 

P0 • lOu= 1.316 X 10-5 atm. 
2 

PCO = 2.632 X 10-5 atm. 

a c 
= 2.4 X l0-12 

where a = 1 for a monolayer 
c 

Now using Gibbs' adsorption equation (eq./14) the approximation for the 

amount carbon responsible for the reduction in platinum surface energy 

13 2 15 is 1.15 X 10 atom/em • On a platinum (111) surface there are 1.5 X 10 

. I 2 atom em • 

Using the activity just calculated and the temperature dependence 

(Fig. 3) of the critical pressure plotted from several sessile drop 

experiments at different temperatures (Fig. 4), an approximation for the 

change in enthalpy of the reaction can be made. 

~H - T~S = -RT ln(K ) eq 

K = P /P l/2 • a 
eq co o2 c 

a c 

= 2 P0 . 2 
= 2.4 X l0-12 

~H/RT + ~S/R = 1/2 ln PO + ln 2 - ln(2.4XlO-lZ) 
2 . 

-2 6H/RT + 26S/R + 2(27.63) = 1n P0 . 2 

-2 lm./R = slope of graph = (2. 303) 4815 

6H = -11,016 cal/mole 
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The change in enthalpy is negative indicating that the carbon was 

bound to the platinum less strongly than to the oxygen as carbon monoxide. 

The coqrdinat-iun of carbon atoms adsorbed on the platinum surface is un-

known. It is believed that the adsorption occurs on the stepped surfaces 

at the thermally grooved grain boundaries. 

In addition, if it is assumed that the entropy for this reaction is 

d b h f bulk b b i xi. di d h . id 26 approximate y t at or car on e ng o ze to t e monox e , 

- we have for the carbon oxidation reaction, 

~G = 11,016 -20.6 _T cal/mole 

Further experimental work is necessary to deterinine if these assumptions 

are accurate. 

A comment is in order concerning the apparent kinetic effect that 

takes place in the oxidation of the adsorbed carbon. From thermo-

dynamic considerations the reaction would proceed until the activity of 

carbon was reduced and then stop until the tempe-raturEr-·was increased; 

the reaction would again occur until the activity of carbon was further 

reduced. This behavior was not observed experimentally. The carbon is 

oxidized to completion, since any further increase in temperature results 

in no change of the sessile drop contact angle. When mentioning this 

reaction Somorjai et a1. 27 referred to it as being "efficient". 

B. Gold 

Similar experiments were conducted with gold as a substrate. At 

900°C in the pressure range of the experiment no oxygen adsorption was 

indicated by the sessile drop contact angle. Carbon contamination 

occurred and could be removed by the oxidation reaction. Surface bonding 

on gold is typically stronger than on platinum. Accordingly, a higher 
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oxygen pressure·was necessary for the oxidation reaction·to occur. 

Figure 5 shows the contact angle vs. temperature data for clean and 

contaminated gold. The hysteresis effect shown for the gold/carbon was 

also noted for platinum at lower temperatures (Fig. 4). It is believed 

that this effect is due to the kinetic effects involved with the adsorp

tion of carbon and not the oxidation reaction. The hysteresis effect 

may be reduced in a vacuum system where carbon is more available. 

C. Water 

When molten sodium-borate absorbed water from the atmosphere, it 

spread rapidly on either substrate. When pure s2o3 absorbed water vapor 

the contact angle decreased but the action was hampered by the viscosity 

of the glass. The resulting action of the drop was interpreted as spread

ing. The occurrence of spreading upon introduction of the water strongly 

indicates an interfacial reaction that involves the water. The free ener

gy of this reaction would be realized as a contribution to the interfaCial 

solid-liquid energy and the resulting balance of energies at the three 

28 phase interface favors spreading. 

Strong adherence was observed. When sodium-borate glass was melted 

on platinum in the absence of water, it was easily removed and no parti

cles of glass remained on the substrate. When the glass spread on the 

substrate and was immediately cooled to room temperature and an adhesion 

test (bending the substrate to 90°) was conducted, it was very hard to 

detect glass particles on the substrate. However, if the glass spread 

and the sample was held at temperature for 10 minutes or more, upon 

cooling and testing glass particles always remained adhering .to the 
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substrate. Gold behaved similarly in similar experiments. Adherence of 

the glass to the gold, however, did not appear to be as strong as that 

to platinum. The bonding between the glass and substrate indicates that 

the. interface had become saturated with a reaction product from an inter-

facial reaction involving the substrate metal and water. 

If the possible reaction products are Pt(OH)z, PtO or Pt02 , the 

reactions in pure borate would be, 

4 B(OH) 3 (gl) + 3 Pt (s) = 3 Pt(OH)z (gl) + Z Bz03 (gl) + 3 Hz (gl) 

Z B(OH)
3 

(gl) + 3 Pt (s) = 3 PtO (gl) + Bz03 (gl) + 3 Hz (gl) 

4 B(OH) 3 (gl) + 3 Pt (s) = 3 PtOz (gl) + Z Bzo3 (gl) + 6 Hz (gl) 

In sodium borate glass the reactions would be, 

.4 Na(OH) (gl) + Pt (s) = Pt(OH)z (gl) + Z NazO (gl) + Hz (gl) 

4 Na(OH) (gl) + Z Pt (s) = Z PtO (gl) + Z NazO (gl) + 2Hz (gl) 

4 Na(OH) (gl) + Pt (s) = PtOz (gl) + Z Na2o (gl) + 2Hz (gl) 

Although thermodynamic data for platinum hydroxide are not available, it 

can be assumed that platinum hydroxide is a possible reaction product. 

Further experimental work is necessary to ascertain which reaction occurs. 

The same evidence for an interfacial reaction was observed for gold 

substrates so it is possible that a redox reaction occurred between the 

gold and hydroxide ions in the glass. 
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V. CONCLUSION· 

The contact angle of the sessile drop reflects the balance of 

interfacial energies between the drop, the substrate and the ambient 

atmosphere. If adsorption occurs with a change in any of the interfacial 

energies, the ramification is a change in contact angle as per Young's 

equation. 

y -y = y cose sv sl lv 
(7) 

Borate glass sessile drop experiments on platinum and gold were conducted 

at 900°C in a changing ambient atmosphere in order to observe any adsorp-

tion phenomena. Oxygen adsorption in the range of pressures of the ex-

periment was not observed on clean platinum as indicated by a constant 

contact angle. This behavior is in accordance with the model developed 

for oxygen adsorption on platinum. Oxygen adsorption on clean gold was 

also not observed. 

·Carbon adsorption occurred on both platinum and gold substrates 

decreasing the solid-vapor interfacial energy and causing a dramatic 

increas~ in the contact angle. For platinum, thermodynamic approximations 

are made and the reduction in surface energy is calculated. The adsorp-

tion density is also calculated. The adsorbed carbon could be removed 

from the substrate by increasing the oxygen pressure to the minimum 

value necessary, the critical pressure, to oxidize the carbon·to carbon 

monoxide. The critical pressure variation With temperature was measured, 

and the enthalpy change for the carbon oxidation reactionwas determined 

to be -11 kilocalories per mole. 
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7 6 

The presence of the adsorbed carbon on the platinum and its removal 

by oxidation now provides an explanation for the decrease in contact 

29 angle in an oxygen atmosphere as observed by Volpe, Fulrath and Pask. 

Their explanation for this behavior was that the oxygen diffused along 

the solid-liquid interface which reduced the solid-liquid interfacial 

energy. 

If a glass sessile drop experiment is conducted in an atmosphere 

containing water vapor, the water is absorbed by the glass changing its 

composition and wetting characteristics. Whether or not the borate 

glass contains soda, the drop will spread on gold or platinum. If there 

is spreading, there is an interfacial reaction. 28 The reactions proposed 

are the reduction of the water by platinum or gold and the formation of 

the hydroxide or oxide of platinum or gold. 
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Table I. Impurities in Glass 

B203* . 94-6 B203-Na20t 69-31 B203-Na20* 
wt% wt% wt% 

sodium oxide 0.015/0.1 6.0 31 

silica 0.07/0.3 0.01 0.12/0.15 

alumina 0.005/0.2 0.015 0.04/0.10 

iron oxide 0.001/0.10 0.015 0.004/0.01 

calcium 0.001/0.05 0.01 0.003/0.02 

magnesia 0.007/0.02 0.003 0.05/0.15 

sulfate 0.03/0.41 

* Typical values/maximum values. 

t Semi-quantitative spectrographic analysis determined by American 
Spectrographic Laboratories, Inc., San Francisco, California. 
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FIGURE CAPTIONS 

Experimental testing apparatus. 

Contact angle vs. oxygen pressure, 900°C for borate and soda 

borate glass on platinum. 

Critical pressure vs. 1/T. 

Contact angle vs. oxygen pressure for 100% borate glass on 

platinum at 700°, 800°, 900° and 1000°C. 

Contact angle vs. oxygen pressure, 900°C for 100% borate glass 

on gold. 
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---------LEGAL NOTICE-----------. 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Energy Research and Development Administration, nor any of 
their employees, nor any of their contractors, subcontractors, or 
their employees, makes any warranty, express or implied, or assumes 
any legal liability or 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. 
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