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be well cooled during sputtering. Evaporation of arsenic under equili-
brium conditions revealed that the metal existed primarily as As4 in the

, 125
gas phase. Non-equilibrium evaporation of arsenic produced As2 as the

major gaseous product.lz6 These properties of arsenic required that the
cathode be kebt cool in order that metal evaporation be kept to a minimum.
It was expected that free arsenic atoms would be sputtered initially
from the metal surface and that aggregation would occur in the gas phase.
Cooling of the metal was necessary to prevent aggregates of As4 and As2
from being evaporated along with the sputtered atoms. Aggregates evapo-
rated from the cathode surface would be indistinguished from aggregates

formed from coalescing free atoms; therefore, it was imperative that eva-

poration be held to a minimum.

b. High Linear Gas Flow

The sputtered arsenic atoms must be removed rapidly from
the neighborhood of the cathode surface and diluted with inert gas to
lower the arsenic concentration to levels similar to those found in
atomic abeorption atomizers. Aggregation tendencies may be correlated
to those in a flame or graphite tube atomizer sﬁly when arsenic concen-
trations were similar to those found in these atomizers. Aggregation
tendencies may not be correlated if the free atoms are allowed to remain
in regions of high concentration for long periods of time. Such condi-
tions were found in the region near the cathode surface. A 1 mm hole _was
drilled into the base of the cathode cup where the current densit:y,127
hence the free atom concentrations, was highest. The cathode configura-

tion allowed sputtered arsenic to be removed rapidly from the neighbor-

hood of the cathode surface and then diluted by expansion into the sput-
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tering cell. Table IX 1lists the gas flow rate data obtained using

the arsenic filled brass cup cathode.

3. Experimental Results and Discussion

a. Effect of Primary Discharge Current on Absorption

Very little absorption was observed during the sputtering
of arsenic in these studies. Figure 64 illustrates the absorption ob-
served as the primary discharge current was increased using a constant
sputtering cell préssure and inert gas flow. The absorption increased
as the sputtering current increased. Increases in absorption were also
observed in the sputtering of copper and platinum.

The observation of low absorption even at higher sputtering currents
indicated either that arsenic did not sputter well or that it was not
readily sputtered in the free atomic state. A noticeable black deposit
of arsenic was rapidly formed on the inner surface of the sputgering cell
glass standard taper joint. This rapid build up of arsenic indicated
that arsenic sputtered well, however, the low absorption observed indi-

cated that free atoms were not the preferred form of sputtered arsenic.

b. Effect of Sputtering Gas Pressure on Absorption

Figure 65 illustrates the absorption observed as arsenic
was sputtered at various gas pressures. The sputtering current was held
constant in each case. Freg atom sputtering was only observed at pres-
sures below 4 torr. No atomic absorption was observed at pressures above
4 torr suggesting that aggregation was occurring inspite of the high
linear flows used. The weak absorption observed at lower pressures sug-

gested that aggregation was also occurring at these pressures.



TABLE UX

GAS FLOW RATE DATA OBTAINED USING THE ARSENIC FILLED BRASS CUP CATHODE

Flow Rate Expanded Flow Rate
Flowmeter (cc/min at 1 atm Cell Pressure Liters/min at Cell Linear Flow
Ball Height (cm) Input Pressure) (torr) ] Pressure mm/sec
3.0 11.6 0.55 16.0 7.7 x 10°
4.0 22.3 0.98 17.3 8.3 x 10°
5.0 43.0 1.6 20.4 9.8 x 10°
6.0 86.0 2.5 26.1 1.3 x 106
7.0 145.0 3.6 30.6 1.5 x 10°
8.0 176.0 4.6 29.1 1.4 x 10°
9.0 223.9 6.0 28.4 1.4 x 10°
10.0 294.0 7.0 31.9 1.5 x 10°

Linear flow calculated for gas flowing out of the 0.203 inch opening.

s0¢
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A pressure range of about 1 to 3 torr was the most efficient for
the production of free arsenic atoms in this study. The weak absorp-
tion observed even within the optimum pressure range suggests that ag-
gregation was also occurring in this region.

The weak absorption observed in these studies may be explained
conveniently by considering the effect of aggregation. Two arsenic
atoms formed a dimer, Asz, on collision with each other. Spectroscopic
data have indicatea that the normal ground state for this diatomic mole-
cule is a '& .128 The bonding in A52 was by a triple bond. The dis-
sociation energy of this triple bond has been calculated to be 91 kcal/
mole.129 Collision of a pair of these dimers resulted in a tetramer,
AS4’ being formed. The dissociation energy of this tetra-atomic mole-
cule into two dimers has been reported as 69.6 kcal/mole.130 Either of
these molecular species would not absorb selectively the 193.7 nm reso-
nance line of arsenic. There was a broad absorption band which included
the 193.7 nm resonance line observed for arsenic vapor at temperatures

were being formed from'As.122 The

-

o
greater than 900 C where As4 and A52

low plasma gas temperatures in the sputtering cell favored the produc-
tion of As4 if the necessary collisions were occurring. The absorption

indicated that these collisions were indeed occurring.

C. Effect of Primary Discharge Current on Emission

The plasma emission of the arsenic 193.7 nm resonance
line wa; also monitored during these studies. The narrow spectral slit
width (0.7 A) of the monochrometer and the absence of emission lines
other than the resonance line in the region monitored allowed the 193.7

nm emission only to be monitored. Table X lists the emission intensity
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TABLE X
PLASMA EMISSION AS A FUNCTION OF
PRIMARY DISCHARGE CURRENT
Primary Discharge Emission

Pressure Current Percent Relative to Hollow
(torr) (ma) Cathode Lamp Emission

0.55 10
20
30
40
50
60

0.9 30
40

0.98 10
30
40

1.6 10
30
40

2.1 10
20
30
40

2.5 10
30
48

3.0 10
20
30
40

O WO O +H WO U woOOo w HO OO0 0O OO0 H OO OO OO OO
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TABLE X Continued
PLASMA EMISSION AS A FUNCTION OF
PRIMARY DISCHARGE CURRENT
Primary Discharge Emission

'~ Pressure Current Percent Relative To Hollow
(torr) (ma) Cathode Lamp Emission

3.6 20
45

4.0 10
20
30
40

4.6 20
40

5.2 10
20
30
40

6.0 20
40

7.0 ' 20
40

H O H O O 0O 0O 0O OO0 +HOWwOoO Mo
W
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produced by the plasma only. In all but three studies, the emission -
intensity increased as primary discharge current increased.

This increase in emission was dependent upon the number of free
atoms sputtered from the cathode surface and the number of argon ions
present in the primary discharge plasma. The quantity of free arsenic
atoms increased as the primary discharge current increased, a fact pre-
viously established from observing the absorption increase with primary
discharge current increase. The free atoms were swept into the sputtering
‘cell by the flowing argon gas stream. These free atoms were bombarded by
argon ions in the primary discharge plasma producing both arsenic ions
and excited arsenic atoms. The observed 193.7 nm emission was produced
only by these excited arsenic atoms returning to the ground state. The
number of atoms emitting the monitored line was dependent
upon both the number of free atoms and the number of argon ions in the
primary discharge plasma. An increase in primary discharge current in-
creased both free atoms and argon ions resulting in increased emission.

The decrease in emission observed at 48 ma sputtering current and
2.5 torr cell pressure over that observed at the lower current was due
to ionization instead of excitation of the free arsenic atoms. The ar-
senic ions formed did not emit the 193.7 nm line which was monitored,
therefore, the emission intensity decreased. The high current caused
sputtering of large quantities of free atoms which coalesced as a re-
sult of the high atom concentrations found in the region near the ca-
thode. The free atoms which did not aggregate were swept into the op-
tical path where many were ionized by argon ions. The large primary
discharge current produced many argon ions thus increasing the proba-

bility of ionization of any free arsenic atoms.



212

d. Effect of Sputtering Gas Pressure on Emission

Plasma emission was observed at high sputtering currents
for most gas pressures used in these studies. The emission was greatest
over the pressure ranges 1.6 to 4 torr. There was negligible emission
observed at pressures greater than 4 torr indicating that free atom exci-
tation was absent at these pressures. This observation in conjunction
with the lack of absorption at these higher pressures was interpreted to
indicate that free atom formation was not favored at these pressures.
Aggregation was observed for both copper and platinum at these pressures
and the data implied that aggregation was also occurring for arsenic at

these higher pressures.

e. Effect of Secondary Discharge on Absorption

Increases in absorption were observed in a few studies

when the secondary discharge was operated. Table XI lists the studies
where an increasé in absorption was observed. The absorption increases
were very small during the sputtering of arsenic with the greatest
being a 1.5%Z increase in absorption. This change was observed during
the study using 3.6 torr cell pressure and 45 ma sputtering current.

The error in reading the absorption values from the strip chart
was approximately 0.57 absorption. No observable absorption above experi-
mental error was observed in these studies. This lack of absorption was
surprising in light of the absprption increases observed for copper and

platinum with the same cell and sputtering gas. An explanation for these
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TABLE XI
STUDIES IN WHICH A SECONDARY DISCHARGE PRODUCED
AN INCREASE IN ARSENIC ATOMIC ABSORPTION

Primary Secondary
Discharge Discharge Absorption
Cell Pressure Current Current Increase
(torr) (ma) (ma) %
0.55 60 1 +.5
0.90 No increase observed in any study
0.98 No increase observed in any study
1.6 30 42 +.5
40 28 +1.0
2.1 No increase observed in any study
2.5 10 31 +1.0
10 43 ' +1.0
30 . 22 ‘ +.5
48 4 +.5
3.0 10 39 +.5
10 54 +.5
20 22 +.5
20 38 +1.0
20 54 +.5
20 62 +1.0
40 7 +.5
3.6 45 33 +1.0
45 45 +1.5
4.0 20 22 +1.0
4.6 20 17 +1.0
20 33 +1.0
20 47 +.5
40 17. +.5
40 33 +.5
40 47 +.5
5.2 No increase observed in any study
6.0 No increase observed in any study

7.0 No increase observed in any study
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data must be found and the following section suggests the reason that
the absorption did not increase was due to ionization produced by the

bombarding argon ions.

f. Effect of Secondary Discharge on Emission

These studies did not indicate that aggregates were being
'fragmented into free atoms by the secondary discharge. No appreciable
increase in absorption of the 193.7 mm resonance line was observed; how-
ever, there was a decrease in emiésion observed when the secondary dis-
charge operated.

It was necessary to monitor the plasma emission once the primary
discharge was established to determine when the emission became constant.
The plasma emission would rise and then decrease slowly to some lower
value after abogt 2 minutes of sputtering. The time required to produce
a constant signal depended upon the argon flow and the sputtering current
suggested that the observed emission was temperature dependent. The
cool cathode was sputtering free atoms initially but began to eject ag-
gregates as the cathode approached operating temperature. The emission
produced by these excited free atoms decreased to an equilibrium value
once the cathode reached operating temperature and a constant number of
free atoms was ejected..

The equilibrium plasma emission was determined once the recorder
pen stabilized. This emission was found to decrease whenever current
passed through the secondary discharge plasma. This decrease in emission
was interpreted to indicate that the secondary discharge ions were not
fragmenting aggregates but ionizing the free atoms present. Ionization

of the few free arsenic atoms in the optical path accounted for both a
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decrease in emission and a lack of an increase in absorption.. The
arsenic ion emission ;ines were not monitored during these studies.

It was surprising to observe the ionization of these free arsenic
atoms because ionization was not observed in the studies with platinum.
The first and second ionization potential of platinum is similar to
arsenic, yet with platinum there was a constant absorption increase
with current when the secondary discharge plasma was operated. If
ionization occurred in the case of platinum it was only to a minor
extent. Ionization may have been the cause for the decrease in ab-
sorption from the limiting value observed when copper was sputtered
and large currents were passed through the secondary discharge plasma.
Ionization was more likely with copper since its first ionization po-
tential was almost 2 ev below that of arsenic. Table XII lists the
ionization potentials for argon, arsenic, platinum, and copper. A
singly ionized argon ion was capable of removing an electron from any
of the metals used in these studies to produce a metal ion.

Excitation of free arsenic atoms by bombarding argon ions was
ruled out because an excited atom would emit the 193.7 nm resonance
line upon returning to the ground state. The intensity of this line
did not increase when current passed through fhe secondary discharge
plasma, indicating there was no increase in the number of excited ar-
senic atoms. Ionization of a free arsenic atom prevents it from ab-
sorbing the 193.7 nm resonance line and the ion will not emit this
line upon returning to the ground state. Return to the excited state
of an arsenic ion would result in the eventual emission of the moni-
tored line, however, in only a few instances did the emission increase

when the secondary discharge was operated. These increases were 1% or



TABLE Xil:

IONIZATION POTENTIALS OF SELECTED ELEMENTS USED IN THESE STUDIES

First Ionization
Potential

Second Ionization
Potential

Third Ionization
Potential

Element Electron Volts Electron Volts Electron Volts
Argon 15.479 27.629 40.74
Arsenic 9.81 18.633 28.351
Platinum 9.0 18.563 N
Copper 7.726 20.292 36.83

Data taken from:

"Inorganic Chemistry",

James E. Huheey,

New York, pp 46-48 (1972).

Harper and Row, New York,

912
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less of the hollow cathode lamp emission and were observed only at
high secondary discharge currents when low pressure and high sput-
tering currents were used.

An arsenic ion electrostatically attracted either a free arsenic
atom or an aggregate since each was electron rich. The resulting
molecular ion was capable of dissipating the charge over a larger
volume, hence it was more likely to remain in the plasma without frag-
menting. This molecular ion would either aggregate further or aquire
an electron from within the plasma to produce a neutral molecule.
Either of these two possibilities would prevent the selective absorp-
tion of the 193.7 nm resonance line since no free arsenic atoms were
produced. The brilliant bluish-white plasma observed was possibly the
emission produced when these molecular ions acquired an electron.

A secondary discharge did not fragment arsenic aggregates as it
did in the case of copper and platinum. It was possible that the
secondary discharge caused an increase in aggregation by first ionizing
free arsenic atoms and small aggregates then forcing them to coalesce

due to electrostatic attraction.



10.

11.

12.

13.

14.
15.

16.

REFERENCES

""Cleaning Our Environment, The Chemical Basis for Action",
American Chemical Society, Washington, D. C., 1969, p. 5.

"Air Quality Data from the National Air Sampling Networks
and Contributing State and Local Networks, 1964-65", U. S.
Department of Health, Education, and Welfare, 1966.

Lee, R. E., Goronson, S. S., Envione, R. E., Morgan, G. B.,
Environ. Sci. and Technol, 6, (1972) 1025.

Thompson, R. J., Morgan, G. B., Purdue, L. J., Paper
presented at the 15th AID Symposium, New Orleans, La., May
1969.

Air Pollution, Part A Analysis, J. O. Ledbetter, Marcel
Dekker, Inc., New York, N.Y., 198 (1972).

Intersociety Committee, Method of Air Sampling and Analysis,
American Public Health Association, Washington, D.C., (1972).

Analysis of Air Pollutants, P. 0. Warner, Wiley-Interscience
Publications, New York, p. 228 (1976).

Determining the Properties of Fine Particulate Matter, "ASME
Power Test Codes, PTC 28 ~1965. American Society of Mechanical
Engineers, New York, N.Y., (1965).

Air Pollution, Part A Analysis, Joe 0. Ledbetter, Marcel Dekker,
Inc., New York, N.Y., p. 226 (1972).

R. Thompson, G. Morgan, and H. Purdue, Analysis Instrumentation,
Instrument Society of American, Pittsburgh, Pa. 15219.

Ashford, J. R., Brit. J. A. P., 11, 13 (1960).
Methods for Air Sampling and Analysis, Intersociety Method
Number 12202 - 01 - 68T, (1972).

Robinson, J. W., "Atomic Absorption Spectroscopy', Marcel Dekker,
New York, 1966, p. 6.

Ibid., p 2.
Ibid., p 62.

Ramierez-Munoz, J., "Atomic Absorption Spectroscopy", Elsevier,
Amsterdam, p." 143 (1968).

218



17.
18.
19.
20.
21.
22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

219

Boling, E., Spectrochim, Acta, 22 (1966), 425.

Robinson, J. W., Anal. Chim. Acta, 27 (1962), 465.

Fuwa, K., Vallee, B., Anal. Chem., 35 (1963), 942.
Koirtyohann, S. R., Anal. Chem., 38 (1966), 585.

L'vov, B. V., Spectrochim. Acta, 17 (1961), 761.

L'vov, B. V., Spectrochim. Acta, 24B (1969), 68.

West, T. S., Williams, X. K., Anal. Chim. Acta, 45 (1969),
27.

Loftin, H. P., Christian, C. M., Robinson, J. W., Spec. Lett.,
3 (1970), 1lel.

Massman, H., Spectrochim. Acta, 23B (1968), 215.

Hwang, J. Y., Ulucci, P. A., Smith, S. B., American Laboratory,
Aug. (1971), 4l1.

Bratzel, M. P., Dagnall, R. M., Winefordner, J. D., Anal. Chim.
Acta, 48 (1969), 197.

Woodriff, R., Ramelow, C., Spectrochim. Acta, 23B (1968), 665.

Christian, C. M., Robinson, J. W., Anal. Chim. Acta., 56 (1971).
466-470.

Robinson, J. W. Slevin, P. J., Hindman, G. D., Wolcott, D. K.,
Anal. Chim. Acta, 61 (1972), 431.

Sneed, M. C.,Brasted, R. C., '"Comprehensive Inorganic Chemistry",
Vol. 7, D. Van Nostrand, New York, 1958, p. 50.

Christian, C. M., "Methods for the Determination of Selected Pol-
lutants in the Atmosphere', Dissertation, Louisiana State Univer-
sity (1971).

Yule, H. P., Anal. Chem., 38 (1966), 818.

Xzabadvary, F., History of Analytical Chemistry, Pergamon Press,
New York, N.Y., 1966.

West, P. W., Liacer, A. J., Cimerman, C ., Mikrochim. Acta,
6, (1962) 1165.

Robinson, J. W., Wolecott, D. K., Rhodes, L. J., Andl. Chim.
Acta, 78 (1975), 283.



37.

38.

39.

40.

41.

42,

43.
44,
45.

46.

47.
48.
49.

50.
51.
52,

53.

54.
55.
56.

57.

220

Dama, R., Rahn, K. A., Winchester, J. W., Env. Sci. Tech,,
6 (1972), 441.

Ledbetter, J. 0., Air Pollution, Part A: Analysis, Marcel
Dekker, Inc., New York, N.Y., p. 295 (1972).

McCrone, W. C., Drafty, R. G., and Delly, J. G., The Parti-
cle Atlas, Ann Arbor Science Publishers, Ann Arbor, Michigan,
(1967).

Janssens, M., Dams, R., Anal. Chim. Acta, 65 (1973) 41.

Brodie, K. G., and Matousek, J. P., Anal. Chim. Acta, 69
(1974),200.

Kurbatov, M. H., Kvamme, O. J., J. Inorg. and Nuclear
Chem., 16, (1960), 113."

Eremenko, V. Ya., Gidrokhim. Materialy 29 (1959) 24.

Pickering, W. F., J. Chromatog., 4 (1960) 48l.

West, F. K., West, P. W., Iddings, F. A., Anal. Chem.,38
(1966) ,1566.

West, F: K., West, P. W., Iddings, F. A., Anal. Chem.,39
(1967),112,

Fornstedt, G., Paper (3), 10, (1910),17.

Bevan, E. J., - Bacon, W., Analyst XLI (483), (1916)4 159.

Cushing, D., Prince, R., Sieberlich, J., Science, 103.
(1946) ,56.

Kubineck, V., Paper a Celulosa, 12 (1557)'170.

Saito, Y., Jap patent 32,311, (1918).
Fornstedt, G., Pager, 10 (1910),17.

Von Unruh, G. Remberg, G-. Spiteller, G., Chem. Ber.,
104 (1971) 2071.

Galvalowski, A., Z. Anal. Chem., 54 (1915) ,547.
Fornstedt, G., Paper, 10 (1910),17.
Pickering, W. F., J. Chromatog., 4, (1960), 485.

Schibner, B. W., Wilson, W. K., J. Research Natl. Bur.
Standards, 39, 21-27 (Research Paper No. 1809), (1975).




58.

59.

60.

61.

62.

63.

64.

65.
66.
, 67.

68.

69.

70.

71.
72,

73.

74.

75.

76.

221

Whatman Laboratory Products, Whatman Inc., Clifton, N. J.,
p. 1-7 (1976).

Dams, R., Rahn, K. A., Winchester, J. W., Env. Sci. Tech.,
6, (1972), 441.

Hwang, J. Y., Anal. Chem., 44, (1972), 20A.

Nagerova, E. I., Gosudarst. Vsesoyuz Inst. Proekitrovaniyu
Predpriyatti and Nauch. - Issledovatel. Rabotam Tsement. Prom.
"Giprotsement'". Trudy No. 4, 65 (1942) (CA 39-673).

Brodie, K. G., Natousek, J. P., Anal. Chem., 45, (1973),
1606.

D. K. Woolcott, '"Methods for the Direct Determination of Heavy
Metal Pollutants in the Environment', Dissertation, Louisiana
State University (1973).

Berg, E. W., Physical and Chemical Methods of Separation ,
McGraw-Hill, N. Y., p. 134 (1963).

Ibid. 2 p' 136.

Pickering, W. F., J. Chromatography, 4, (1960), 477.

Eremenko, V. Ya., Gidrokhim. Materialy, 29, (1959), 242.

Kurbatov, M. H., and Kvamme, O. J., J. In. Nuc. Chem., 16,
(1960), 109.

Ruzicka, J. and Stary, J., Substoichiometry in Radiochemical
Analysis , p. 54-58, Pergamon Press, N.Y., N.Y. (1968).

"Federal Standards'. Circular 209A, GSA Business Service Cen-
ter, Boston, Mass. (1966).

Zief, M., Ind. Res., 13, (1971), 36.

Zief, M., American Lab., 2, (1959), 55.

Griffin, H. G., George, T.D., Paper No. 72 presented at the
Pittsburgh Conference, Cleveland, Ohio, March 1972.

Mitchell, J. W., Anal. Chem., 45, (1973), 492A.

"Pederal Stnadards', Circular 209A, GSA Business Service Cen-
ter, Boston, Mass. (1966).

Taylor, J. K., ed., NBS Tech. Notes 545, p. 53, U. S. Govern-
ment Printing Office, Washington, D.C., December 1970.



77.

78.

79.

80.

81.
82.

83.
84.

85‘
86.

87.
88.
89.

90.
91.
92.

93.

9.

95.

222

Hume, D. N., "Analysis of Water for Trace Metals", Adv. Chem.
Ser., 67, 30-44, American Chemical Society, Washington, D.C., C.,
1967.

Alimarin, I. P., ed., Analysis of High-Purity Materials , p.
1-31, Israel Program for Scientilflc Translations, Jerusalem,
Israel, 1968.

Robertson, D. E., Ultrapurity , Zief, M. and Speights, R.,
eds., p. 208-250, Marcel Dekker, New York, N.Y., 1972.

Knizek, M., Provaznik, J., Chem. Listy, 55, (1961), 389.

Thressen, P. A., Herrman, K., Z. Electrochem., 43,(1937),
66.

Thieres, R. E., Methods of Biochemical Analysis , Vol V, D.
Glick, ed., Interscience, New York, p. 273-335 (1957).

Weber, H. H., Z. Naturforsch., 46, (1949), 124.

Cuppola, P. P., Highes, R. C., Anal. Chem., 24, (1952), 768.

Kuehner, E. C., Alvarez, R., Paulsen, P. J., Murphy, T. J.,

Anal. Chem., 44, (1972), 2050.

Hughes, R. C., Muraw, P.C., Gundersen, G., Anal. Chem., 43,
(1971), 692.

Mattinson, J. M., Anal. Chem., 44, (1972), 1715-1716.

Little, K., Brokks, J. D., Anal. Chem., 46, (1974), 1343.

Sachdev, S. L. West, P. W., Env. Sci. Tech., 4, (1970), 749.

Loeb, L. B., Fundamental Processes of Electrical Discharge in
Gases, Wiley, New York: Chapman and Hall, London, 1939.

Francis, G., Handbuch der Physik. Vol. 22, Springer, Berlin,
1956, pp. 53.

Penning, P. M., Electrical Discharges in Gases, Philips Technical
Library, Eindhoven, 1937.

Engel, A. V., Ionized Gases, Clarendon Press, Oxford, 1955.

Llewelyn-Jones, F., The Glow Discharge, Metheun, London; Wiley,
New York, 1966.

Wehner, G. K., Adv. Electron. Phys., 7, (1955), 239,




223

96. Woodyard, J. R., Coopér, C. B., J. Appl. Phys., 35, (1964),
1107. .

97. Kaminsky, M., Atomic and Ionic Impact Phenomena on Metal
Surfaces, Springer, Berlin, 1965.

98. Carter, G., Colligon, J. S., Ion Bombardment of Solids,
Heineman, London, 1968. :

99, Massey, M. S., Bershop, E. H. S., Electronic and Ionic
Impact Phenomena, Clarendon Press, Oxford, 1952.

100. Slevin, P. J. Harrison, W. W., Appl. Spec. Rev., 10, (1976),
212.

101. Southern, A. L., Willis, W. R., Robinson, M. T., J. Appl.
Ph!S., %" (1963), 153.

102. Boshnyak, B. M., Zhiglin&kii, A. G., Kund, G. G., Khlopina,
T. N., Opt. Spektrosk., 33, (1972), 1032: 33, (1972), 569.

103. Wehner, G. K., Annual Report on Sputtering Yields, Annual
Report No. 2136, 1960, Research Department, General Mills,
Minneapolis, Minnesota.

104. Koedam, M., Physica., 25, (1959), 742.

105. K. B. Mitchell., J. Opt. Soc. Am., 51, (1961), 846.

106. Gandrud, B. W., Skogerboe, R. K., Appl. Spec., 25, (1971),
243.

107. Kirkbright, G. F., West, T. S., Wilson, P. J., Anal. Chim.
Acta, 68, (1974), 462.

108. Goleb, J. A., Brody, J. K., Anal. Chim. Acta, 28, (1963), 457.

109. Russell, B. J., Walsh, A., Spectrochim. Acta, 15, (1959), 883.

110. Gatehouse, B. M., Walsh, A., Spectrochim, Acta, 16, (1960), 602.

111. Dogan, J., Laqua, K., Massman, H., Spectrochim. Acta, Part B.
26, (1971), 631.

112. Gough, D. S., Anal. Chem., 48, (1976), 1926.

113. Kimota, K., Kamiya, Y., Nonoyama, M., Uyeda, R., Jap. App. Phy.,
2, (1963), 702.

114, Petrov, Y. I., Opt. Spe¢. (USSR), 27, (1969), 359.



224

115. Daughtrey, E. H., Slevin, P. J., Harrison, W. W., 25th
Pittsburgh Conference on Analytical Chemistry and Applied
Spectroscopy, 1974.

116. Jager, H., Blum, F., Spectrochim. Acta, 29B, (1974), 73.

117. Analytical Methods for Atomic Absorption Spectrophotometry,
Perkin Elmer Corporation, Norwalk, Conn. (1968).

118. Sullivan, J. V., Walsh, A., Spectrochim. Acta, 21, (1965),
721.

119. Inorganic Chemistry, Principles of Structure and Reactivity,
J. E. Huheey, Harper and Row, New York, 1972, p. 46.

120. Zatka, V. J., Anal. Chem. , 50, (1978), 538.

121. The Merck Index, P. G. Stecher, Ed., Merck and Co., Rahway,
N. Y., 8th ed., (1968), p. 842.

122, Robinson, J. W., Garcia, R., Hindman, G. and Slevin, P. J.,
Anal. Chim. Acta, 69, (1974), 203.

123, Brewer, L., Kane, J. S., J. Phys. Chem., 59, (1955), 105.

124, Mellor, J. W., A Comprehensive Treatise on Inorganic and
Theoretical Chemistry, Vol. IX, Longman, Green, Co., N.Y.,
(1929), p. 23.

125. Kane, J. S.,  Brewer, L., J. Phys. Chem., 59, (1955), 105.

126. Metzger, F., Helv. Phys. Acta, 16, (1943), 323.

127. Knerr, G., Maierhofer, J. and Reis, A., Fresenuis' Z. Anal.
C11emo 1] 229’ (1967), 241. .

128. Hertzberg, G., Spectra of Diatomic Molecules, 2nd ed., D.
Van Nostram, Princeton, 1950.

129, Gaydon, A. G., .Dissocation Energies, 2nd ed., Chapman and Hall,
London, 1953.

130. Goldfinger, P. and Jeunehomme, M., Advances in Mass Spectrometry,
J. D. Waldron, Ed., Pergamon Press, N. Y. (1939), P 53%.




VITA

Robert I. Garcia was born January 1, 1948 in Louisville, Kentucky.
He graduated from Saint Michael High School in Crowley, Louisiana in
1965 and entered Louisiana State University in the fall of that year.
He started Acadia Sportsman, Inc. in Crowley, Louisiana in the summer
of 1965 and is currently Vice President of the firm. He graduated from
Louisiana State University in 1970 with a degree of Bachelor of Science
in Chemistry. He was commissioned a second lieutenant, infantry branch,
United States Army, upon graduation from Louisiana State University. He
entered Louisiana State University in the fall of 1970 and remained a
full time student until the summer of 1972 when he was called to active
duty. He was stationed at Ft. Benning, Georgia and returned to Louisiana
State University upon completion of his active duty obligation. He
was employed by Louisiana State University as a teaching/research assistant
during his enrollment at Louisiana State University. He started Innova-
tive Chemicals, Inc. in the summer of 1978 and is currently President
of the firm. He currently holds the rank of Captain in the United States
Army Reserve. He is currently a candidate for the degree of Doctor of

Philosophy from Louisiana State University.

298



EXAMINATION AND THESIS REPORT

Candidate: Robert I. Garcia

Major Field: Analytical Chemistry

Title of Thesis: Studies of Purification Processes by Atomic Absorption and
Studies of the Sputtering Phenomenon.

Approved:

Majm%l’ﬁﬁbr and Chairman

EXAMINING COMMITTEE:

C(2,.08%080 Qo

<:4.em—(’ Ll /%91—4'

/N

B i) sdite.

Date of Examination:

April 20, 1979




