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STUDY OF 

THE HEAR-ULTRAVIOLET SPECTRtJM OF MAGHESIUM OXIDE 

Sandor Trajmar 

Lawrence Radiation Laboratory 
University of California 
Berkeley, California 

July 3, 1961 

ABSTRACT 

The colex violet spectrum of magnesium oxide has been the subject 

of many investigations, but there has been little progress in identify-

ing the molecular species responsible for this spectrum and no successát 

all in analyzing the spectrum. 

in this work the spectrum appearing in the region 3600 to 4000 A 

was produced in a King furnace and vacuum arc. The spectrum was studied 

under different pressures of hydrogen (or water), deuterium, and oxygen 

as well as at different magnesium oxide activities in order to identify 

the species present in the vapor phase over the oxide or in'a magnesium 

arc at teeratures above 2000 0C. 

From spectral intensity measurements it has been concluded that 

species involving hydrogen (most probably MgOU) and at least • one kind 

of oxide species contribute to this spectrum. Measurements of spectral 

intensity versus magnesium oxide activity showed that both the áxide 

and hydroxide contained one magnesium oxide. From isotope-shift studies 

it was concluded that. there is only one hydrogen atom involved in the 

hydrbxid.e molecules. 

The hydroxide, deuteride., and oxide, bands were separately produced 

and photographed at high resolution. The wave lengths of the hydroxide 



vi 

and deuteride band heads and of the rotational lines of the oxide bands 

in the region 3766 to 3820 A were measured for possible analysis. 
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I. INThODUTI0N 

The importance of high-temperature chemistry and the need for more 

knowledge about the properties of such systems have been rapidly grow- 

• ing in recent years. 

At high temperatures most chemical systems undergo changes. The 

characteristic oxidation states of elements and compounds are usually 

different from those at room temperature.. In many important systems 

the major stable species and their enerr levels are not yet known, and 

reliable thermochemical calculations then cannot be performed. Magne-

slum oxide and its vapor phase constitutes such a system. 

Optical spetroscopy is an important tool for studying gaseous 

species at high temperatures. It supplies the necessary data for the 

calculation of the partition function, from which all other thermody-

namic functions of the system can- be obtained. The behavior of high-

temperature systems can be predicted by such thermodynamic calculations 

with more certainty than the behavior of systems at lower temperatures, 

since the number of kinetic factors is reduced at high temperatures. 

When Mg is excited in an arc or flame, or magnesium oxide is 

heated above 22000C, a strong complex band structure is observed in the 

spectral region 3600 toi4000 A in addition to the well-known. MgO green 

and red bands, 1' 2 ' 3  which have been analyzed and assigned to MgO mono-

mer. 	. 	,. 

Many attempts have been made to analyze the violet spectrum or to 

identify the emitter, but with no success. In 1935 Verbaege attempted 

the analysis as MgO!1  Barrow and Crawford. (19 1 5) found that the violet 

2  system Is too Complex, and concluded that the emitter was in doubt. 
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Mg20 	2 are not likely to play an important role in the vaporiza- 

tion of MgO, as has been shown by Brewer and Mastick 5  and by Lager-

quist. Brewer and Porter published a comprehensive study of the 

vaporization of MgO. in 1954. 

From vapor pressure measurements Brewer and Porter have concluded 

that MgO does not vaporize into only elements at around 1800
0C, but 

that molecular species also contribute appreciably to the vapor. From 

theasurements of spectral intensity versus temperature they claim that 

the species responsible for the violet spectrum is more important at 

about 22000C than the MgO. Z state, which is the lower electronic stale 

of the green transitions. Wigner-Witmer correlation rules would not 

allow singlet molecular states from magnesium and oxygen ground states. 

This indicates the probable existence of lower-lying triplet states. 

From simultaneous measurements of intensities of the green and violet 

bands . at ,d.iffe rent MgO activity they have concluded that the, violet 

- . 	emitter contains only one magnesium and one oxygen per molecule and, 

therefore, that it is monomer MgO. A partial vibrational analysis, has 

been. carried out in accordance with this assumption, but the, rotational 

structure of the spectrum is.not completely .resolved'even at0.65 A/mm. 

linear dispersion. Their final conclusion has been that more than one 

electronic transition between triplet states is involved in the violet 

spectrum. 

James and Sugden have suggested., from comparing the spectral re-

gions of occurrence of Ca, Sr, and Ba halide bands and that of the corn-

plex alkaline-earth oxides, 'that these bands are due to MOH (M = Ca, 

Sr, or Ba). 8  'Following this suggestion Gayd.on9 ' 11  and Gaydon and 

10 	.. Charton have carried out extensive studies 'of the alkaline earth 
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oxide spectra. By produciig the spectrum in flame and in "vacuum arc" 

in oxygen, water, and heavy water they have concluded in 'tile case of 

Ca, Sr, and. Ba that both oxide and hydroxide are present in the vapor 

phase. 

The violet spectrum of the magnesium oxide seems to be the most 

complex. From the complexity of the spectrum and from the faàt that 

it has not been observed in stellar spectra one has an indication of a 

polyatomic emitter. 

Gaydon and Peale produced the spectrum in vacuum arc under water, 

heavy water, oxygen, and hyd.rogenatmospheres in high dispersion 

12 (0.59 A/). 	They were not able to make a vibrational or rotational 

analysis or to explain, the observed, isotope shift, but found that the 

spectrum was different In water from that in oxygen. They assigned 

part of the bands to MgOH and •part to the Mg202  as the two most prob-

able species, similar to the case of the other alkaline earth oxides. 

Ba20, Ba202, BaO,Ba203, and SrO species have been found In the 

13,14,15 vapor of the corresponding oxides by mass spectroscopic methods. 

15 In magnesium oxide no evidence of MgO has been found at tempera- 

tu.res around 100
0C, This can he atiributed to the low temperature 

and the reducing effect of tungsten shieldings. 

This was roughly the situation when, on Professor Brewer's sugges-

tion, 1 started to'workon this problem.. . 

The spectrum appeared to be too complicated for one to expect an 

analysis in the near future; therefore another way was necessary for 

identification of the species present in the vapor. A promising 

approach seemed to be the study of spectral intensities under equili-

brium conditions in different atmospheres and at different pressures. 



From this, by application of the nmss-actionlaw, one should be able 

to identify the species responsible for the spectrum. 

Such eerints were carried out and are described in the 

- 	following sections.----- - ---------- ---- ---•- 	 ---- 	 -. 

iW 
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II. DESCRIPTION OF APPARATUS 

A. King. Furnace 

The Kig furnace used in this investigation has been described 

by Hicks1  and by Engelke. 17  Except for various modifications which 

• had been added through the years, it was the furnace constructed and 

18 
described by Brewer, Ga.11es, and Jenkins. 	It consisted of a graph- 

ite resistance tube in a vacuumtight, water-cooled brass chaer. 

The heater tubes were machined from graphite. They were 12.5 

in. long and 7/8iux. i.d., and a 1/2-in, bore was drilled through 

the length of the tube. A 6-inch heating zone at the ôenter of the 

• tube was maintained at uniform temperature by tapering the outside 

diameters syetrica1ly from 7/8 in. at the. center to  3/4 in. at the 

minimum cross sections, which were located 3_1/2  in, from either end, 

where the diameter increased in one step to 7/8. in. Cylindrical 

graphite baffles 1/2 in. long and with 1/8 in. holes drilled along 

their axes were placed inside the tube at both ends. They served to 

improve definition of the hot zone and to minimize the diffusion of 

the gaseous species from the hot zone. 

The graphite tube was lined with 0.001-in. -thick sheets of tanta-

lum and tungsten, so that the magnesium oxide was in contact only with 

the tungsten. The graphite reacting with the tantalum formed a TaC 

layer, and the carbon could not readily penetrate the tungsten. Con-

sequently, except for some attack by the tungsten, rapid reduction of 

the MgO was prevented. 

The potential drop across the furnace was 12 to 18 volts, and 

power requirement about 20 kva for temperatures of 2000 to 23000C. 
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Power was supplied by a lOO-kvá step-down transformer, which was 

operated from a 440..volt single-phase source. Temperature control was 

obtained by manually adjusting a PowerS att connected to a control 

transformer, whose. secondary was in series with the secondary of the 

step-down transformer. 	 . 

The furnace windows were.made of 1/6-in.-thick optical q.uartz, 

and they could be easily replaced and cleaned. Two brass di'sks with 

1/4_in. apertures were positioned in the bore of the window assembly, 

which helped to keep the window clean. To avoid multiple reflections 

the windows were tilted 2 degrees from vertical. 

The furnace was connected to a vacuum line and valve system 

which allowed the attainment of different atmospheres in the furnace. 

The temperature was read with a Northrup optical pyrometer which 

had been calibrated by comparison with a 1S-calibrated pyrometer. 

B. Vacuum Arc 

The arc used to produce the speOtrum in oxidizing atmosphere is 

shown in Fig. 1. 	. 

it consisted of a 2-liter pyrex bulb with quartz window, of ad-

justable electrodes with maiesium tips, and of ground glass joints 

to vacuum and to gas inlet lines. Both electrodes had kovar-to-glass 

joints and were mounted to the bulb by tapered ground-glass joints. 

The upper electrode was connecte.d to the bulb by a vacuumtight bellows 

system which made possible the adjustment of the electrode distance 

under vacuum. 

The pressure. could be read by mercury manometer or by thermo- 

couple gauge. Power was supplied by 200 v dc line and could be regula- 



-7- 

Air 

arc 

ortz window 

Irap, 
iffusion pump, 

forepump 

Air 
MU-22966 

Oxygen 
or - 

water 
inlet 



WSM 

ted. between 1 and 5 amperes by a resistor. The arc was started by a 

Tesla coil. The electrodes could be cocledby air, but for short 

operations it was not necessary.. The window was mounted on a side 

ara to keep - it free o- depositing maesium oxide. A small glass buTh .• 

was connected to the main bulb which contained the water or heavy 

water. The water pressure was adjusted by keeping this flask at the 

required temperature When the are was run in oxygen, this bulb was 

removed and the systemwas connected to dry oxygen supply. One of the 

two pumps was, simultaneously operated with the arc, while the other 

pump system, which consIsted of a liquid nrogen trap, oil diffusion 

pump and fore-pump, served only for degassing of the system. 

C. Spectrograph 

In most of this work a 3-meter concave grating spectrograph was 

usedinfiitath second order. It had a linear dispersion of 

2.8 A/ma and revolving power of 0.027 at 4000 A in second order. The 

spectrograph could be mounted either with a scanning device or a 

photographic plate bolder. A slit width of 20 to 50 ii was used on 

both the spectrograph and photocell during spectral scanflings, and of 

about 10 i. when the spectrum was photographed.. 

The spectrum was also produced in very high dispersion by a 21-

ft concave grating spectrograph in second and third order. it had a 

linear dispersion of 0.58 A/mm in second and 0.28 A/uun in third order. 

B. Electronic Spectrum - Scanning Device 

The scanning device was designed and described by Phillips. 19  

A 1P-.21 photomultiplièr . (RCA.) located on the Rowland circle of a 

3-rn concave grating spectrograph generated a d.c current which was 



proportional to the intensity of the light hitting the photocathode0 

The current went through a load resistor, and the voltage drcp across 

the resistor was power-amiified after being changed. to ac by a 

Brown converter0 The output from the amplifier was converted to d.c 

and used to drive a Brown 'iectronic' t  strip-chart recorder0 

A vacuumtight container with silicone rubber gaskets and double 

quartz window was constructed hi ch made it possible to keep the 

photomultiplier tube at dry ice temperature0 By cooling, the signal-

to-noise ratio was increased by a factor of more than two The con-

tainer was fifled with argon for better heat conduction, and the space 

between windows was evacuated to prevent moisture condensation0 The 

argon was dried, because moisture condensation on the tube pins 

caused considerable noise0 

E. Optics 

For best illumination of the spectrograph the image should be 

sharply focused on the slit, and cover the entire slit and the entire 

grating0 To satisfy all these requirements in the case of a narrow, 

exten4ed source like the King furnace requires special otic0 This 

could be achieved by the use of a cylindrical lens in front of the 

slit, but the more complicated optical system would have no advantage 

over a simple lens system in this work0 Therefore the second. re-

quirennt was not satisfied0 

The furnace was located. 3 m from the slit and a quartz lent of 

5 cm diameter and 30 cm focal length was used0 For the arc the dis-

tance was 1 meter and the quartz lens had a diameter of 5 cm and 

focal length of 20 cm0 

to 
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The spectrum obtained by the King furnace is not equally intense 

across its full width, because of ierfection of the system. There 

was, however, a wide enough homogeneous substrip in the spectrum, and 

- this was scanned with the microdensitometer.. 	 - 	-- 
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in:. PRELncENARY EERflIS 

The purpose of the prel{mnary experiments was to find the best 

eondit±ons for producing the spectrum and to make qualitative observa-

tions on the behavior of the spectrum in different atmospheres. 

A. King Fuxnce zcittion 

The sample consisted of small magnesium oxide crystals, wh,ich had 

some advantage over powder: namely, they made possible a greater 

charge density and caused much less dust formation. The result of the 

analysis of the sample is summarized in Table I. 

The crystals were placed in the hot zone of the furnace and had 

contact only with the turxgstenlining. They lasted for about 140 

minutes at 22200C. This temperature was found the most suitable for 

the experiments. At and above 23000C the dust concentration was' very 

high, . the MgO was reduced too rapidly, 'and rapid crystal growth start-

ing at different points of the tube completely closed up the hole. Be-

low 2100
0C the violet spectrum was not observable with reasonable ex-

posure times. Sice the comparison of the vibiet bands with the green 

MgH and MgO bands was also planned, and the latter did not appear be-

low 22000C with convenient exposures, the temperature 2220
0C was 

accepted as best for the King furnace experiments. 

The upper temperature, limit could be pushed up to 211000C  in argon 

atmosphere, if a few percent of Si0 2:;was added to the MgO crystals. 

The small amount of eutectic melt that was formed this way helped. 'in 

trapping the dust particles. In hydrogen atmosphere the same method 

did not work. 

The spectrum was scanned with the above-described photoelectric 



Table I. Sample Azalysis (in wt 

Weight Analysis Spectral Analysis 

Iiition loss 0.27 Al 0.06 	Ca 	0.005 

CaO 0010 Fe 0.03 	Ba 	0.05 

Si02  0.04 Si m4 	Mn 	0.005 

0010 Cr 0,0006 	Li 	0001 R203  

Cu 0.0008 

a Analysis has been done at the Analytical Laboratories of 
Mineral Technology and Ceramics Department, University of 
California, Berkeley. 

to 

( 
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device, but it. seemed iiossib1e to achieve good rePrbducibiiity. The 

irregular changes in the King furnace, change in dust concentration, 

and. crystals growing across the tube showed up as peaks on the chart. 

The scanning method was therefore abandoned., and a photographic tech-

nique was applied which smooths out time-dependent deviations in the 

furnace. - 

Kodak plates were used, type 103 a-0 or II a-0 for the region 

3000 to 4000 A. and type 103 a-F for the region 5000 to 6000 A. 

Hg, Mg, and Fe lines served as reference lines. From these, 90 

contamination atomic lines were identified and used as further refer-

ence points. (See Table II.) For more accurate wave-length measure 

ments a thorium spectrum was applied. 

The plates were calibrated by step weakener, and a Leeds-Northup 	) 

inierodensitometer was used for scanning. 

B. Influence of Hydrogen Pressure on spectral Intens 

The violet spectrum, was believed to belong at least partially to 

MgOH. To cheek this assumption the spectrum was photograhed in the 

'égion 3600 to 4000 A, with gradually increasing hydrogen pressure. 

The results are shown on Fig. 2. The first photograph was taken 

in 20 cm argon atmosphere (part a); "x" indicates the unknown hydro-

pressure corresponding to the water present in the sample and tube. 

The hydrogen pressure was then increased to 5 cm (partb) and to 10 cm 

(part c). The figure' shows a microdensitometer scan of a part of the 

spectrum under these three conditions. The region 3773.5 to 3882.5 A 

where three strong hydroxide bands are very close together, is marked 

by vertical lines on the figure. , 
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Table II. List of atomic lines observed in the furnace spectrum 

Wave length . Wave length Wave length 
(A) Element . 	(A) Element (A) Element 

.4077. 83 Hg. Ia...  3865.53 	.... Fe I . 3734.87 FelI 

4063.59 Fe I 3864.11 Mo I 3733.32 Fe I 

4046.76 Cr I(?) 3859.91 Fe I 3732.03 Co I 

4o46.6 Hg a 3856,37 Fe . 	I .3727.62 Fe I 

4045.82 Fe I 	.. 3849.97 Fe I 3722.56 Fe I 

4044.42 A .  I 3841.05 Fe I 3719.94 Fe I 

4034 .39 Mn I 3840.44 Fe I 3709.26 Fe I 

4033.07 Mn I 3838.29 Mg I 3707.83 Fe 1 

4030.75 Mn . I 3834.22 Fe I 3705.57 Fe I 

3998.65 Ti I 3832.30 Mg I 3687.46 Fe I 

3989.77 Ti I 3829.35 	. Mg I 3683.05 Fe I 

3981.77 Ti I 3825. 88 Fe I 3679.91  Fe I 

3968.47 Ca II 3824.44 Fe I 	. 3663.28 

3961.52 Al I 3820.43 Fe I 3662.88 	. Hg 1a 

3958.21 Ti I 3815.84 	. Fe I 365483 y 

3956.28 Ti I 3812,96 Fe .1 3653.50  Ti I 

3948.66 Ti 1 3799.55 Fe I 3650.14 Hg 1a 

3944.;00 	. Al .1 	. 3798.51 Fe I 364784 Fe I 

3933.66. Ca 	. II 3798.26 Mo I 3642.67.... Ti I 

3930.30 Fe .1 3795.00 Fe I .3639.80 Cr I 

3927.92 Fe I 3787,88 Fe I 	. 3635.46 Ti I 

3922.91 Fe I 3767.19 Fe I 3631.46 Fe I 

3920,26 Fe I 3763 , 79 Fe I 3619.39 Ni I 

3906.48 Fe 1 3758.27 Fe I 3618.77 Fe I. 

3902.96 Mo 1 3752.86 Ti I 3608.86 Fe I 

3899.70 Fe I 3749.49 Fe I . 	. 3605.33 Cr 1 

3895.66 Fe I 37148,26 Fe .  I 3593.49 Cr I 

3886.28 Fe 1 3745.90 Fe I 3581.19 Fe I 

3878. 
02 

Fe I 	. 3745.56 Fe I 3578.68 Cr I 

/ 3872.50 Fe I 3737.13 Fe I 3570.10 Fe I. 

a Reference lines from auxiliary exposure 
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a 	 b 	 c 

MU-ZZ 967 

Fig. 2. Microdensitometer scan of a part of the MgOH 
spectrum at three different H 2  pressures. 
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Most.of the 44 bands listed by Gaydon as hydroxide bands were pre-

sent in the King furnace spectruin) 2  The intensity of these bands in-

creased with increasing hydrogen pressure. The increase was roughly 

proportional to the square root of thehydrogen pressure. Several other 

bands which responded the same way were also observed. 

The hydroxide bands were quite strong even when no hydrogen but only 

dry argon (20 cm Hg) was present in the furnace. This was attributed to 

the presence Of water in the furnace and the sample. 

Several of the strongest bands listed by Gaydon as oxide bands were 

also observed in the furnace spectrum under argon atmosphere, but they 

were obsôured when hydrogen was introduced into the furnace. 

In the first-order pictures, where the complex violet bands and the 

green MgH and MgO bands were simultaneously photographed, close parallel-

ism was observed between the behavior of the violet hydroxide and green 

MgH bands. The latter were also present in the furnace when hydrogen 

was not yet added. Their response to increasing hydrogen pressure was 

very similar. 

In another experiment an attempt was made to eliminate the water pre-

sent in the sample and King furnace. The furnace without charge and 

lining was evacuated and gradually heated up to 25000C in 24 hours and 

was kept at that temperature for about 2 hours under continuous pumping. 

The' vacuum was less than 10 i at the end of the 2-hour period. The water 

was trapped with liquid N2 . The furnace was then filled with dry argon, 

and the lining and charge were introduced. The sample was then degassed 

at 800°c for 2 hours. Following this the spectrum was photographed in 

first order, covering both the violet and green bands, at 2.5-hour inter- 

vals. 
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A continuous decrease of the intensity of both the hydroxide and the 

MgH green bands was observed. The intensity of the violet oxide bands 

and the green MgO bands did not change appreciably, but as the hydroxide 

bands disappeared the oxide bands dominated the spectrum. 

The experiment was repeated and the spectrum was photographed in 

second order covering only the violet bands. The above observation con-

cerning the hydroxide and oxide bands was confirmed. Finally hydrogen 

was introduced into the King furnace and very strong hydroxide bands were 

observed again0 This proves that the decrease of the intensity was not 

due to the reduction of the sample. The midrodensitometer scannings of 

these plates are shown on Fig. 3. 

The spectrum was also observed indeuterium atmosphere. It had a 

quite different appearance from the spectrum in hydrogen. An isotope 

shift was definitely indicated, but the spectrum was too colex to 

allow correlation between the two band systems. 

E. Vacuum Are Excitation 

In order to study the spectrum in oxidizing atmosphere, the vacuum 

arc described above was built. In air or in oxygen atmosphere without 

special care, i2  and CN as well as the mixture of the maesium oxide and 

hydroxide bands were present. 

To produce the oxide spectrum free of disturbing bands the water 

and nitrogen had to be excluded. The arc was therefore degassed at less 

than 0.1 -t for several days, water was trapped with liquid nitrogen, and 

water and nitrogen-free oxygen were used. Under these conditions the 

dominant features of the spectrum were the oxide bands. The presence 

of water could be very well confirmed by the simultaneous. observation of 
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Fig. 3. The effect of degassing on the violet bands. 
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the 3064-A OH band. Fig. . 11a shows the arc spectrum in water and in 

oxygen and the corresponding OH band. Fig. 5 shows the microdensitonie-

ter trace of the violet region. 

When the arc was operated in water atrnbsphere the hydroxide bands 

observed, in the King furnace were very strong (as were the MgH and the 

306-A OH bands). Under these conditions only the strongest oxIde bands 

were present with noticeable intensities. 

ff 
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IV DISCUSSION OF PRELTh'tENARY EXPERIMENTS 

In the preliminary expriménts the optimum conditions for producing 

- 	the spectrum were established, qualitative effects of the hydrogen 

pressure were observed, and it was shown that hydrogen-containing spec-

cies as well as oxide species contribute to the spectrum. 

The King furnace at the temperatures of the experiments is consid-

ered as an ei1librium souräe of radiation, therefore mass-action law 

consideratiois can be applied: namely, the .vapor pressure (fugacity) 

and therefore the intensity of the bands originating from a species con-

taming hydrogen should increase proportionally with increasing hydro-

gen pressure0 

The bands assigned to hydroxide emitter were found qualitatively 

to behave in this manner. The presence of hydrogen in the emitter re-

spos1ble for this spectrum was therefore almost certainly established. 

The ciose.parallelism of the .MgH 1ands with these bands and. their 

disappearance when the sample and furnace were degassed at elevated 

temperature' were a further assurance of the correctness of this assunrp-

tion. These bands were called "hydroxide" bands although there was no 

rigorous proof concerning, the composition of this molecule yet. 

Porter '5 intensity measurements on the violet and green magnesium 

oxide bands at different MgO activIty showed that there was only one 

MgO present in the species responsible for the violet spectrum. 7  There-

fore he concluded that it was also MgO. More rigorously, however, one 

could deduce from his results only that the emitter contained one MgO, 

but it could also be a rétion product of MgO with some element 

commonly present in flame, arc,, or furnace. 
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The experiments described above showed that the King ftrnace spec-

trum contained mostly hydroxide bands. Porter's measurements also were 

carried out with the King furnace and he actually observed these bands; 

his results, therefore, apply to the hydroxide not to the oxide bands, 

and are in agreement with the assution that these belong to MgOH. 

Bulewicz and Sugden studied the magnesium violet spectrum in 

flames of oxygen-hydrogen-nitrogen gas mixtures. 2°  The magesium was 

applied in the form of a spray of magnesium salt solutions. They 

found that the intensity of bands changed proportionally with the con-

centration of solution in the atomizer, indicating only one magnesium 

atom per molecule. One could say again that in a flame of an oxygen-

hydrogen-nitrogen gas mixture mostly the MgOH bands occurred, and the 

possible overlap of some weak oxide band structure would not influence 

appreciably their measurements even if the oxide bands were due to a 

dimer. 

The assuniition that the hydroxide species contains one magnesium 

and one oxygen has been quite well established by these experiments, 

but there is no proof of the nuber of hydrogen atoms in the emitter, 

although from the occurrence of magnesium halide bands and the complex 

violet bands in the same spectral region we have support for the NgOH 

assumption. (See Fig. 6). 

The general appearance and wave lengths of the band heads of the 

hydroxide spectrum are discussed later in connection with the high-

resolution pictures. 
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In theory, analysis of the spectrum or a study of the isotope shift 

would supply the, necessary data, but the compexity of the spectrum seems 

to make analysis d.fficult. Theisotope shift has been studied and is 

described in Chapter VI. 

Another way of provIng this assumption would be to select regions 

of the speOtrum where only ' hydroxide "  bands are present and study 

quantitatively the variation of intensity with respect to hydrogen 

pressure These experiments are discussed in Chapter V.B.  

It was observed On plates taken with the King furnace as a source 

that, when an attempt is made to minimize the, water in the sample and 

furnace, the intensity of most of the features decreases, but several 

bands remaIn strong. These bands are overlapped by strong hydroxide 

bands when water is p:re sent., but when the water of H 2  pressure is low 

they dominate the spectrum. The waveiength of these features agrees 

with the wavelength of strong oxide bands assigned by Gay.o,n to Mg 202 . 

In the King furnace 'the atmOsphere, is always reducing; the intensity 

of these oxIde b'and is understandably low. 

The vacuum are built for better:ohservation of the oxide features 

proved to be a very convenient spurce for the production of magnesium 

oxide and hydroxide spectra together and separately. The are is not 

suitable for mass-action-law' considerations, because one does not know 

how far oft' one Is from., equilibrium and because the pressure cannot be 

varied over a wide enough region. Because the teerature of the arc is 

higher than that of the furnace, the spectrum is more complex. In spite 

of this the are gives very nice spectra, because the dust problem is 

absent. 	 . 

The spectra obtained by the vacuum are gave further evidence that 
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the conDlex violet band system conistèd of overlapping hydroxide and 

oxide bands. 

The oxide bnd system conslsTts of four groups of bands: (a) A 

weak group of bands centering at about 3640 A. (b) A very strong, com-

plex band group around 3720 A. Both sides of this group show fine rota-

tional structure. The àenter part consists of bands degrading in both 

directions and has a very complex structure. (c) A somewhat weaker 

group of bands in the region 3766 to 3830 A. These, bands all degrade 

toward the red and are partially resolved even with the 3-meter specto-

graph. (d) A weaker group of bands, which is the cont±nuation of the 

third one and extends up to about 11000 A. 

1 
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V. QUAiITITATIVE STUDIES OF SPECAL ThTENSITIES 

A. Oxide Bands 

In order to fix the formula of the violet-emitting oxide, the 

variation of the intensity of these and the green bands were studied 

together under equilibrium vapor pressure conditions at com;tant tempera-

ture, but at varying thermodyrianiic activity of the solid MgO. In order 

to carry out this experiment a spectral region had to be found where 

only oxide bands were present. King furnace excitation was applied and 

sufficient time was allowed for the establishment of thermal equilibrium. 

The chemical equilibria equations are 

MgO (s,a1 ) = MgO (g, 1Z) l/x (MgO) 	(g). 

MgO(s,a2 ) = MgO (g, 1E) = l/x (MgO) 	(g). 

The thermodynairilcal relationship expressed in terms of intensities is 

(i (green, a1 ) x I (violet,_a1 ) 

\I (green, a2 ))  1 (violet, a2 )J 

where I (green, a1 ) = intensity of a green MgO band at solid MO activi-

ty of a1 . The other symbols have similar meanings. From this equation, 

by observing the ratio of the intensities of the green bands ( which 

are known to belong to MgO monomer) and those of the violet oxide fea-

tures, one can obtain the value of X. 

The furnace and sample were freed of water to a certain extent 

(by degassing) in order to decrease the intensity of the hydroxide bands 

and make the oxide bands eaily observable. The spectrum was then photo-

graphed in argon atmosphere. 

In the first series of experiments the 50074962 A green MgO bands 

and the violet bands were photographed simultaneously in first order on 
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the same plate at two different MgO activities. The change in the ac-

tivity was achieved by bringing the sale to about 2500
0C for 1 to 2 

minutes, at which it reacted quite fast with the tungsten lining. In 

the coound formed the activity of the MgO was less than unity. Te-

erature, spectrograph settings, and optics were kept the same during 

the two exposures. Each plate was calibrated by a step weakener at 

3600 and 5100 A.  

In a second series of experiments only the violet bands were phcto-

graphed In second order and the intensity ratios of oxide and hydroxide 

features at two different activities were compared. The MgOH bands 

shouldbehave like MgO monomer in this experiment. At higher disper-

sion the green bands could not be included because the spectrograph 

covers a range of only about 1000 A. 

The results are shown in Tables III and IV. The first colui shcws 

the spectr1 regions or the wave length of the features chosen for the 

measurements. On the first-crder pictures it is hard to distinguish 

individual bands, therefore, a spectral region has been chosen, where 

mostly one kind of features are present. Whenever contributions from 

other types of molecules could occur they are indicated in square 

brackets. "At." means contribution from atomiefeatures. i/t is the 

intensity calculated for unit exposure time and "r"  is the ratio of 

the intensities at two different MgO activities0 The corresponding ac 
tivities are also shown in the head row. Both the first- and second-

order activity experiments were performed. twice ("a" and "b" in the 

tables.). 

No difference is observable in behavior for any of the violet 

bands coared with the green bands or with the NgOH bands. The value 
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of x calculated from the above equation is unity. 

Table III. The effect of the variation of MgO activity on spectral 
intensities. (First-order spectrum). 

a b 

Wave length Species 
I/t at •  I/t at r 

I/t at I/t at r 
region a = 1: a < 1 a = 1 a <1 

3680-3716 (MgO)x [M&oH] 44 2.14 2.20 1 . 03. 2.13:, 

3716-3725 (Mgo)x 326 1.50 2.17 2.43 1.15 2.11 

3725-3746 (Mg0)c [MgOH] 2.88 	. 1.30 2.22 1.93 0,92 2.11 

3766-3830 (MgO)x [MgOHJ 2.86 1.29 2.22 1.87. 0.85 2.20 

38-3882 M90H: 2.31 1.12 2.08 1.36 0.63 2.16 

4974-5007 MgO 3.60 1.59 2.26 :2.50 1.35 1.90 

Table .IV', The effect of the variation of MgO activity on spectral 
intensities. (Second-order spectrum). 

a . 

Wave length 
region: 	' 

Species 
lit at 
a=.l 	. 

I/t at 
a<1 

r 	
' : 	at 
a=1 	. 

I/t at 
a<l 

r 

3720.7-3721. 4  .(Mgc)x 	. 2.08 0.97 2.14 2.50 1,17 2.13 

3724.9 .(MgO)x [MgH] 1.80 	. 0.83 2.17 2.05 1.11 1.93 

3731.8 (MgO)x [MgOH] 1.60 0 , 72 2.24 1.78 1.00 1.78 

37661 •(MgO)x 1.6 0.64 2.44 1.12 0.50 2.22 

3771.8-3772.3 (MgO)x 1.56 	. 0.64 2.44 1.10. 0.50 2.20 

3777.4-3777.8 (Mgo)x 1.50  0.64 .2.32 1.12 0.50 2.22 

3782.6-3784 . 2  (MgO.)x 1.56 0.65 2.40 1.16 0.51 2,27 

3798.3 (MgO)x [At.] 1.32 0.63 2.10 1.70 0.93 1.84 

3805.3-3 24. 4  MgOH 1.40 0.67 2.09 1.62 0.96 1.69 

38148.56 I4gOH 1.40 0.70 2.00 1.67 0.98 1.72 

3873.5-3882.5 MgOH 0.96  .0.43 2.24 115 0.71 1.61 
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In each case the 
Iactivity has been decreased by a factor of 

roughly two (calculating from the green bands). If some Of the bands 

had originated from a dimer the intensity ratio would be 14  instead of 

2, which is most.probably outside the limits of experimental error. 

Even if one of the oxide bands or regions chosen had a 54b contribution 

to the intensity from MgOH, which Is very impiobab1e, a ratio: of .2.7 

instead of 2 would have to be observed. 

The discrepancy showing up in the intensities of the same band 

wider the same conditions on different plates may be partially caused 

by slight difference in temperature, but are mainly due to the differ-

eñce in spectrograph settings and optics. These had to be reset for 

every plate separately, because of the step-weakener exposure. 

The error introduced by the uncertainty, in the teerature'must 

be quite small, on the one hand, because the temperature was measured 

at least within an accuracy of ± 10°C; on the other hand, the error 

introduced in,. coniparing the intensity of the green and violet bands is 

proportional to the dIfference in heats of vaporization of the green 

and violet species. 

These experiments show that the oxide bands appearing in the 

King furnace belong to monomer species. This could be expected proba-

bly for the oxide bands in the region 3766 to 3830 A, which appear 

veryegu1ar and are partially resolved with the 3-rn concave-grating 

spectrograph. The results are interesting as far as the 3720  A com-

plex oxide bands are concerned. The 3720.66 -, 3720.96 -, 3721,140 -, 

and 3724.9 - A cxide bands are very conplex, and Gay.on has classified 

them as Mg202  bands. These bands are very well recognized on the 

p1ats' and are not disturbed by atomic lines or overlapping MgOH barids 
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There is another "complex" oxide band at around 3732  A, not listed by 

Gaydon, which behaves also as a monoer.  

We conclude from these results that there is no dimer contribu-

tion to the violet spectrum undex the conditions of these experiments, 

and all oxide bands present in the furnace spectrum are due to a dia- 
/ 

tomic MgO. 

Quite recently Pesic studied the isotope shift in the green and 

violet magnesium oxIde bands, using vacuum arc excitation and running 

the arc in 160 in 18o,  and in a mixture of them. 21  He did not ob-

'serve extra bands in the last case, therefore only one oxygen was in-

volved in the oxide emitter. He found, however, that the isotope 

shift in the violet bands was quite irregular - - which, he concluded,, 

y be attrIbuted to a polyatomic emitter MçO. 

This raises again the question of the probable importance of 

the Mg20 species in the vapor phase. Mg 20 may be 	according to 

the equation 	. 	 . 	 . 

, 	 Q() 	= 

If equilibrium is maintained., then 

.. ., 	. 	 0 ° 	MgO 

There are three possibilities: 

p is proportional to the MgO solid' activity. In this case 
Mg 

p.. .S proportional to the qare . of the solid MgO activity. 

p Is not proportional to the solid MgO activity and not con-

stant either. In this case the .spectral intensities of the near-

ultraviolet features belonging to the oxide emitter should not be 

proportional to the MgO solid activity. 

(c) If p is approximately constant as the solid activity is varied,
Mg 
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then the intensities of the oxide featüxe.s are próportioAl to the 

first power of the activity and so they behave similarly to the mOno-

mer. 

An isotope shift experiment with Mg isotopes would yield further 

useful data forsettlingthisquest±ofl. 

B Hydxoxi4eBands 

It was found in the preliminary,experimento that certain features 

of the violet bands were sensitive to hydrogen pressure: As a matter 

of fact,, theIr intensity varied roughly in proportion t• the square 

root of hydrogen pressure The nwifoers of oxygen and magnesium atoms 

in the molecule responsible forthese hands were quite well establish-

ed. 

In connection with the studies of spectral intensity of the vio-

let oxide bands as .a function of .MgO solid activity, some of the most 

.intene hnroxide bands were also observed. It was shown that these 

iso behave as moornes, that is, they contain one magnesium and one 

oxygen. 

We have no real proof concerning the number of hydrogens, but 

only some Indication for one hydrogen because of the nice fit of the 

spectri •reibn of the hydroxide hands Into the MgK scheme (where X 

is a halogen or on). This is demonstrated in Fig. 6. 

Under equilibrium conditions It is necessary to satisfy the equa- 

tion 

n/2 
('  

\2) H \P2) 

whee I and 12  are the intensities of the hydroxie bands at hydro-

gen pressures of p1  and p2  and n is the number of hydrogens contained 
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by the emitter. This equation holds, of course, only in the linear 

region of the concentration-versus-intensity plot. In a gaseous sys-

tern at low pressure the intensity is far from black-body intensity, 

- - 	 and this requirement js  satjsfled.. This equation.offers a convenient 

way for the determination of xi. With the King furnace used as an 

equilibrium source, the spectral intensity of the hydrogen bands was 

studied as the function of the hydrogen pressure for this purpose. 

Several difficulties arose, however, in connection with these experi-

ments. 

There was always water present in the King furnace and sample, 

corresponding to an unknown hydrogen pressure. This had to be taken 

into account as a parameter and it amounted to approximately 10% of 

the maximum tolerable hydrogen pressure. 

Dust present in the furnace, gave a continuous background radia-

tion whiôh changed with hydrogen pressure. The dust had another 

effect too: the intensity of the spectral features itself decreased--

while the dust concentration and background radiation increased--be-

cause of the scattering of radiation on the solid particles. 

The hydrogen pressure could not be increased over about 30 cm 

Hg because the disturbing effect of the dust became intolerable, the 

sample re4uced too fact, and fast transport of the material closed up 

the hole. On the, other hand, the intensity was proportional only to  

the square root of the hydrogen pressure. 

The sample re'duäed quite fast, and this made it impossible to 

cross-check by taking several exposures with the same sample. 

The final difficulty, which turned out to be prohibiting, was 

that equilibrium could not be maintained even with moderately high 



-33- 

MF 

M5OH? 

(.,f) 

7 i1  M5CI 

(M 

II MciBr 

Iii" 

3000 	 1 4000 	 5000 

MU -23855 

Fig. 6. Diagrammatic spectra of magnesium halide radicals, 
compared with the contour or the Mg ultraviolet bands. 

*Taken from Reference 20. 



hydrogen pressures. This last point is dennstrated in Fig. 7, 

which shows the violet and green spectrum obtained in 8 cm argon and 

in 28 cm hydrogen pressure. Going from the argon to hydrogen the 

intensity of the green MgOH. bands Increased parallel with the violet 

hydroxide bthids, as one expected, but at the same time the intensity 

of the green MgO bands very greatly decreased. This indicated that 

equilibrium was not maintained. If it had been maintained, the inten-

sity of the MgO bands should have remained the same when the intensity 

of bands belonging to hydrogen-containing species increased owing to 

the increase of the hydrogen pressure. 

The explanation for the failure to maintain equilibrium may be 

the following: material is transferred from the hot zone to the cold 

parts of the tube, and this transfer is speeded up by the increase of 

the hydrogen pressures When the rate of disappearance of the gaseous 

species from the hot zone approaches the vaporization rate of the MgO, 

equilibrium can no longer be established. 

It has been found by Dreger and Margrave in Langmuir vaporization 

experiments that the vaporization coefficient of MgO is very small. 22  

This indicates that the equilibrium considered here can be easily upset 

by processes using up MgO in the vapor phase. 

We therefore conclude that the King furnace is not an appropriate 

source for studying the hydrogen pressure effect quantitatively. 
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Fig. 7. Violet bands in argon atmosphere. 
Green bands in argon atmosphere. 
Violet bands in hydrogen atmosphere. 
Green bands in hydrogen atmosphere. 
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VI. ISOTOPE SHIFT IN THE MgOH SPECTRUM 

For the determination of the number of hydrogens in the hydroxide 

emitter a study of the isotope shIft was undertaken. The spectrum was 

produced by running the vacuum arc in water, in heavy water, and in a 

mixture of them. The photographs of the spectra were taken on the 3.-rn 

concave-grating spectrograph in second order covering the region 3600 

to 11000 A as well as the 306 11 OH band. The. shift was easily observable 

on the OH band and. clearly present in the hydroxide bands, as evidenced 

by the dIfferent appearance of the two spectra. On plates taken with 

the mixture both the hydroxide and deuteride features were easily 

observable, but no extra features were found. 

Although the correlation between the two band systems must be 

complex, it is possible to recognize the hydroxide and deuteride bands 

photographed on top of each other. It seems also certain that the 

appearance of extra bands corresponding to mixed species would be ob-

servable. The ábsencé of these extra features is interpreted there-

fore as proof that there is only one hydrogen atom per mslecule. 
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VII. HIGH-RESOLUTION SPECTRA 

The hydroxide, deuteride , and Oxide spectra produced by the vacuum 

arc were photographed in high resolution with the 21-ft concave-grating 

spectrograph on Kodak IIa-O plates. .A partially overlapping thorium 

spectrum was exposed on each plate to s:erve as standard. All plates 

were cálibatCd with step weakener'. The wave lengths were obtained 

by a program (developed by Professor: John Phillips and Professor Sum-

ner Davis) using an IBM .704 computer. 

The hydroxide bands were Obtained in .second.Drder in the region 

3668 to 3937 A. They are shown on Fig. 8. The spectrum looks quite 

conplicated not resembling, at all a diatomic molecular spectrum. 

There, are bands present degrading to both directions or to neither, and 

many headless high-intensity re.gion$. At some parts. of the spectrum 

the rotat±onal structure is: 	 but in most parts it is. not. 

With few eceptions it is hrd to tell where a band: head is at all. 

The pIling up of the overlapping rotational strUcture of different 

bands gives high-intensity regions which one should not call band heads. 

The most intense points more or less similar to a diatomic band head . 

have been measured and their wave lengths and intensities are given and 

compared to those of Gaydon in Tab]e V. 

Wave lengths joined by brackets reprsent the two edges. of a band 

withno visible degradation in either direction 

Gaydon lists 1411. MgOH bands; 38 of them agree quite well with bands 

measured on these plates, four do not seem to be bands in the present 

'spectra (they are marked wi't'h "n"). One band is not definitely recog-

nizable, and one of his bands is out of the region'of expc'sure. Besides 

these 21 more 1ands are listed. 
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The deuteride spectrum has also been produced with this high disper-

sionby running the are in heavy water. The spectrum is shown on Fig. 9. 

The wave lengths of the most prominent featurep are given in Table VI. 

Gaydon lists 39 MgOD bands. In 26 cases the observations agree, 

10 do not look like bands on these plates, and three are out of the 

range of exposure. Fourteen more new MgOD •bands are listed here. 

The observations describe4 in Chapter VI concerning the isotope 

shift were further confirmed by the hi•gh-re solution pictures. There is 

no doubt about the occurrance of a shift, but the correlation between 

the two spectra must be very co1ex. 

From the appearance of the hydroxide spectrum in the same region 

as the halide spectra we can deduce that the bonding in the molecule is 

Mg-0H, and it is very probably a bent molecule. In this case the two 

larger moments of inertia are almost the same and we have the case of a 

prolate asyimnetric top. The substitution of deuterium for hydrogen does 

not appreciably affect the two larger moments of inertia, but will affect 

the small one very much. The three normal modes of vibrations are also 

differently affected by the hyd.rogen-deuterium isotope-shift. This may 

account for the colicated isotope shift. The theoretical considera-

tions for isotope shift in a triatoxnic molecule are briefly summarized 

in Appendix II. 

The general appearance of the oxide spectrum has been described 

above. The two most intense groups of these bands have been photograph-

ed in second order on the .21-ft spectrograph. The 3720 A region is 

quite coilex, but not as much as the hydroxide bands, and when the 

spectrum is produced, with very short exposure so that only the most 

intense part of it shows up, the rotational structure is quite well 



-40- 

Table V • 	The most prominent features of the MgOH bands. 

This work Gaydon 

(A) I Deg I Deg 
• 3660 . la 4 

3675. 86  54 v 76.0 4 V 
84.04 84 V 84.06 4 V 

86.47 86 V 86.4 •8 V 
95.05 86 V 95.09 7 V 

3703.21 90 V 3103.25 6 V 

04.09 92 V 014.09 8 V 
04.42 64 V 
07.83 89 V 07.9 8 V 
o8.84 80 V 08.80 8 v 

M 09.38 6 M 

10.05 89 R 
14.39 61 M 
18.89 61 V 
19.54 94 V. 19.60 10 
24.74  .65 M 24.8 4 M 

30.84 55 V 
31.75 31.76 8 V 

32.31 55 R 32-37 4 	•:. M 

42.17 72 V 42.19 • 	5 M 

-47-06 M 4707 14 M 

531  46 V 51.34 14 	. 	. . 

'.57.36 55. V 
• 59.40 • • 59.37 2' 	':' M 

70.00 85 V 70.63 7 V 

72.74 65 M 72.9 5 M 

81.88 91 V 
82.12 84 R 82.0 5 

83.36 87 V 83.36 8 V 

84.47 86 V 84.52 . 	5 V 

92.72 92 	. . 	•. 	V 92.78 5 V 

93.62 . 	80 V 
97.448  3 

3802.39 93 M 3802.40 8 M 

08.81 •.. 	93 V 08.82 8 V 

10.13 91 V . 	10.17 8 V 

19.23n 6 V 
26.14ln 5 V 

33.85 . 	95. V 
6 M.  

5 M 

• 	 16.6o 80' V 
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Table. V. (cont.) The most prominent features of the M0H band,s. 

This work 	 Gard.on 

A. 
(A) iH I..g ,. 	(A) 1. Deg 

M i693 6 M 

1i8,56 1t8.6. 8 M 
• 	 71 V . 	 49.68 

50.35 
 8 V 

85 •i 
•51.8o •9 . M 5M..9 7 V.  
54.90 92 

90 V 
.56.19 81 	., V 

• 70 
. 77 	. 	 . V 	. . 59.7 6 V 

62.65 60 
73.06 75 V 
76,83 83 V 7682 6 V 
80.19 81 V 8a.16 6 • 	 V 
81.50 86 V 

• 	 82.56 68.... V • 	 82.5 6 V 
•9001 69 
.9366 . 	 73 • V 

39014 i. V • 	 : 	 3901.16 5 V. 
14.64 61 M 14.64 . M 
19 , 20 57 V .. 	191 5 V 
27.85 •. 	45 M . 

31.70 .41 . 	V. 

36.36 37.. 36.2 4 

a Outside exposed range 

not definitely recoizab1e 

does not seem to be a band on the recent eosures 
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Table VI.,. The most prorniterit features of the NgOD, bands.. 

This work Gaydon 

• Deg (A) Deg 

3650 23a N 
• . . 	. . 	56.2 •• . • ' 	. 5' 

3668.49 23 V 68.44 ' 	4 V 

7170 26 V 	' 71.76 6 V 
76.29 ' 	20 V 	. 76.22 H 	3 , 	'V 

79..W1  4 
82.87 .20'' V 82,85 4 'V 
98.37 ' 	6 V 98,3 ' 	6  v. 

3700.10 35 V ' 	37C0:08 .. 	6 
01.13.. .21; V. 	.. 01.1 6 V 
11.03 14.7 v 1105,  4 V 
13.47 38 H 13.51. 4 V 
23.00 ' 	39.  

24.34 .51 	.. . 	. .... 
30.69 35 ;V 
33 33. 

36.60 
3 
14 

N 
V 

3778 36 V 37.81 3 V.  
38.5 .3 R 

40.57 . ' . '.3 N 
41.78 ' 	' 	25 N . 	. 	41.3 3 N 

22 V- 	. 46.2 4 '' 	V.. 
56.26 20 .V 56.21 , 	II V 
63.82 21 V 	. 
81.91 36 V 
82:.99 39 V 82084 .3 v. 

945 2 	. V 
97e33I  .3 N 97,79n 

3 R. 
99,85 35 'V 99.92 4 11 

3807.39 46 m 3807.6 3' 
21.37 35. V 
22.17 . 	47 R 
27.15 
52.91 

. 	41 
48 

V 
V 52.8 4 V 

53.26 36 V 
53.67 29 V 
61.57 42 . 	V 
70.11 60 N 70.1 8 

78.32n 
5. 

78.52 43 'N 78.6 3 N 
79.27 N 	•. 79.38 5 
80, 	' M 80.0 3 
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Table VI. (.cont. ) 	 The most prominent features of the KgOD bands. 

This work Gaydon 

7' 
(A) 1 Deg '(A) 'I Deg 

82. 142 39 M 
90. 92.7 6 

3903.90 5 	' N 
3905.78 N 

09.93 61 M 09.8 8 N 
IL.?. .11. V 
l5.20 14- H 

19.98 24 V 20.014 3 	. V 
3f.59 25 V 

a outside exposed range . 

not definitely recoizable 

does not seem to be a  band on the recent exposures. 
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resolved and the band structure is very similar to the region 3766 to 

3830A. 	S  

The bands of the third group (3766 to 3830 A) all degrade to red, 

and--except for the regions near the band heads--are quite well resol-

ved in second order. This group has also been photographed in third 

order. The wave lengths of the rotational lines have been measured and 

a complete analysis of these bands will be attempted and described in 

a separate paper. These oxide bands are shown in Fig. 10. They look 

1__ ____ 1 
very much like a it < 	> E transition. 

On the basis of the activity e•erimente described in section 

V/a and the general appearance of the spectrum, the bai4s of both 

groups are assied to diatomic maiesium oxide, although some con-

tribution from.Mg202  species to the 3720  A region is possible at the 

arc temperature. The most probable reason for the complexity of this 

region is the overlapping of bands with different directions of degra- 

dation. 

The two weaker group.s of oxide baiid.s have not been studed in 

detail. 
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VIII. SUMMARY AIW SUGGESTION FOR FURTHER WORK 

The near-ultraviolet spectrum has been produced with the King 

furnace and a vacuum arc. It has been shown that the complex spectrum 

observed in the region 3600 to 4000 A is due to overlapping MgOH and 

MgO bands. These formulae have been verified by considerations of mass 

action' law and of isotope shift. The prominent features of the MgOH 

and MgOD spectrum are listed. The rotational lines in the region 3766 

to 3820 A of the oxide bands have been accurately measured for possible 

analysis. 

In connectiOn with maesium oxide there are still many unsolved 

problems. To mentIon Just a few: The ground state of the molecule is 

still ambiguous. The dissociation energy is not known. Observation of 

triplet-singlet transitions or perturbations might settle the first 

problem. By extending the regions of the known transitions to higher 

vibrational and rotational 1eve.ls oro higher-lying new electronic 

transitions the second question could be answered. In the past, spec-

tral intensities of the ultraviolet bands have been studied as a func-

tion of the temperature, but the Oxide and hydroxide spectra have not 

been carefully separated. These eç•eriments should be repeated, with 

eac system produced separately to obtain the heat of vaporization by 

the 'Z- plot method, The King furnace, however, is not a well suited 

source for these eeriments. In case of MgOH the equilibrium is not 

maintained, as has been demonstrated above, and in case of the oxide 

bands serious problems are presented by the narrow temperature range 

available for producing the spectrum, the low oxide vapor pressure due 

to the reducing atmosphere, the presence of the dust and by the over- 
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laing of the hroxid.e featurea. The  analysis of the near-ultraviolet 

oxide and hydroxide bands looks quLte difficult, but certainly would be 

of great value. The study of the near-ultraviolet spectra produced 

by a hoUw cathode or by microwave excitation should be very useful 

because the rotatIonal excitation in these sources is very low coared 

with the arc. 
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APPENDIX A 

1. The Thermodynamic StabIlity of Mg0( 

The vapor pressure of MgO(g.) can be calculated at any tenperature 

by considering the equilibrium 

Mgo(s) = MgO(g), K = Mgo(g)' 

The free-energy functions for the speclésinvolved have been tabula-

ted. 23  Depending on whether we consider the 	or 3Z ground state of 

gaseous MgO, the value of the free-energy function at 23000K  is 60.78 

or 62,96, respectively. For the heat of vaporization of MgO a value 

of 153±3kcal/mol has been obtained by Altman and Searcy2l  at 0°K by 

the transpiration method, assuming Z ground state. This corresponds 

to 154 kcal/mol at 298°K6 If the ground state were 3z, their value 

would 1veto be iñcreasedby.43 kcal/mol. For the dissociation 

energy of MgO an uppei limit of 90 kcal/mol has been obtained by 

Inghram, Chqka, and Berkowitz,' applying mass-spectroscopic techniques. 

Birge-Sponer extrapolation for the Z state yields a dissociation 

energy of 85 kcal/mol,2426 The higher values of dissociation energies 

obtained by other investigators by flame t echniques27 i 2829 	King- 

furnace excitation7  can be discounted because of the disturbing in-

fluence of MgOH. By forming the appropriate thermodynamic cycle one 

can obtain the relationship 

+ V,298(0) + D298(MgO) - E 

'/298 °2' 

where c,298' 
and. D298  are the heat of formation,: beat of 

vaporization, and dissocation energr at 298
0K and E is thé energy of 
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excitation of the state to which D298(MgO) refers. Taking 

= -143.7 kcal/niol, 30  

v,298 	
= 35.6 kcál/mol, 31  and 

11 

298 
	= 11.1kca1/mo1, 32  

we have 

ç 298(Mgo) = 238.9 - p298(o) + E. 

Assuming 
1  Z ground state, one hasIç 298(MgO) = 152.9 kcal/mol, which 

is in clQse agreement with the value of 1514 obtained by Altman and 

Searcy.  

From the two free-energy values and heat of vaporization of 

152 , 9 and 1572 kcal/mol, one obtains the following vapor pressures for 

MgO(g) at 23000K. 

v, 298( 0 ) 	 Ground state 	MgO( g) 

1 10-5.48  

152.9 kcal/mol 

io_5 89 
157.2 kcal/mol 

The vapor pressure of Mg(g)at 2300 0K has been found by similar 

calculation as 	

= 
10_5.89/ T Mg(g) 	 2 

by considering the equilibria 

MgO(s) = Mg(g) + 1/202(9) and 1/202(g) = 0(g). 

The free-energy functions have been taken from Reference 23. 

From these calculations one can conclude that MgO(g) species 

will have similar importance to Mg(g) in the vapor at this tempera-

ture only at oxygen pressures of about 1 atmosphere. 
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2. The Thermodynamic Stability of MgOH(g) 

The vapor pressure of MgOH has been calculated from the equili-

briumn: 

MOH(g) 

At 23000K, using tabulated free-energy functions and enthalpies 3  one 

obtains 

MgOH 

The uncertainty includes only that of the heat of formation of ,I4gOH. 

The free-energy function for MgOH, has been calculated by assuming the 

vibrational frequencies, internuclear distances, bond angle, and 

multiplicity of the ground state.. 

This result indicates that at hydrogen pressures above 1 atm 

the MgOH species are as important in the vapor at Mg(g)at this 

temperature. 
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APPEI'IDIX B 

Mel has derived formulae for the vibrational isotope effect in, 

unsyetrical linear and nonlinear molecules. 33,34  For the later 

case he assumed small mass differences, therefore his, result is not 

applicable for the hydrogen-deuterium shift. - Wilson gives equations 

for the normal modes of vibration of an asynetric nonlinear triatom-

ic molecules. 35  

In any case, in order to calculate vibrational isotope shift, 

all force constants and internuclear distances have to be known. In 

actual practice the problem is further complicated by the fact that 

• one observes the shift of a band head which also includes the rota-

tional isotope shift, the calculation of which isnot possible 

without having the rotational analysis, and it would be very tedious 

even in that case. 

The three normal modes of vibration and the three principal 

moments of inertia are affected differently by the isotope substitu-

tion. Assuming an Mg-O distance 1.9 A, OH distance 0.96 A, and an 

angle 110 deg, one calculates the three principal moments of inertia 

as 'A  lO 	1B 	
70 x 10 0  g cm2. The molecule can be 

treated therefore as prolate asyetric top. The two larger moments 

of inertia are not appreciably affected by a hydrogen-deuterium 

exchange. 



-54- 

REFERENcES 

1. P.C. Mahanti, Indian J. Phys.. 9, 1455 (1935). 

2, R.F. Barrow and D.V. Crawford, Proc. Pbyi. Soc. (London) A 57, 
12 (19145). 	 - 

3. A. Lagerguist and V. !Jhier, Arkiv. Fyslk 1, 459 (1949). 

11., 3. Verhaege, Wis-en.Natuurk. Tijdschr. 7,224 (1935). 

L. Brewer and D.F. Mastick, J. Am. Chem.Soc. 73 2045 (1951). 

A. .Lagerquist and L. Huldt, Naturwiss, 42, 365 (1955). 

L. Brewer and R. Porter, J:. Chern. Phy. 22, 1867 (19514). 

C.G. James and T.M. Sugden, Nature (London) 175, 333 (1955). 

A.G. Gayd.on, Proc. Roy. Soc. (London) A 231, 11.37 (1955). 

• 	 10. A.G. Gaydon and M. Charton, Proc. Phys. Soc. A69,  521 (1956). 

A.G. Gaydon, Mm. soc. roy. sd . Li'ege 18, 507 (1957). 

A.G. Gaydon and D. Pesle, Proc. Pliys. Soc. (London) A, 73, 211.14 

(1959). 

• 	 13. M.G. Inghram et al. J..Chem. Phys. 23, 2159 (1955). 

L.T. Aldrich, J. Appl..Phys. .22, 1168 (1951). 

R.F. Porter, W.A. Chupka and M.G. Inghrarn, J. Chem. Phys. 23, 
1347 (1955). 

W.T. Hiàks, Spectroscopy b2'High-Téperature Systems (Thesis), 
University of California Radiat.on Laboratory Report, UcEL-3696, 
Feb. 1957; 	 . 	. 	. 	.. 	 . . 

17..; J..L..ngeike, High-Terature Studie of the C 3  Molecule (Thesis) 
Lawrence Radiation tboratory Report UcEL8727, April 1959- 

•L.Brewer,et al,J. chem. Phys...16., 797(19148). :. 

J.G. Phillips, Astrophys. J. 119,274 (1954). 

E.M. Bulewicz and T.M. Sugden, Trans. Faraday Soc. 55, .720 (1959). 

D. Peiä, Proc. Phys. Soc. (London) A 76,. 844 (190). 

L.H.Dreger and J,L. Margrave,.to be published. 



-55- 

23. D.L. Hildebrand, Technical Report, Publlëation No. 0-623, Aeronu-
tronics, Sept. 1959. 

24, R.L. Altman and A.W. Sarcy, . Sosium, XVIIIth International 
Congress of Pure and Applied .Chemiatxy, Montreal, Canada, Aug. 
1961. 

M.G. Inghram, W.A. Chupka and J.Benkowitz, Men. soc. roy. sd . 
Liege 18, 513(1957).. 	. 

G. lierzberg, •Mc.iecular Spectra and Molecular, Structure; I. Spec-
tra of Diatonic Mo1eu1es, 2nd. Edition, D van Nostrand Co , New 
York, 1950. 

I.W. Veits and L.V. Gurvich, Zhur. Fiz.. [thin, 31, 2306 (1957). 

L. Thil.t andA. Lagerqu±st, .Arkiv fr Fysik 2., 333 :(1956). 

E.M. Bulewicz and T.M. Sugd.en., Tran. Faraday $oc.,. 55, 720 (1959), 

BLu 	of Standards  Report No. 6297, Jan. 1959. 

31 D R Stull and G C, Sinke, Advances in Chemistry Series NOL  16, 
Ath. Chern. Soc. Washington D.C. 1956.. 

.32.,PBrink;and G. Herzberg, Can. J. Phys. 32,, 110 (1954 ). 

33. A. :Ad61, Phys.. ev... 1 56(19311.). 

311.. A. Ad:l, ?b':s. Rev. 11.6, 222(19311.). 

35. E.B. Wilson, J. :Chem. Phys. 1, 1047 (1939).. 



This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com -

mission, nor any person .acting on behalf of the Commission: 

Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 

or usefulness of the information contained in this 
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

Assumes any liabilities with respect to the use of, 
or for damages resulting from the use ofany infor-
mation, apparatus, method, or process disclosed in 

this report. 

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




