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STUDY OF
THE NEAR-ULTRAVIOLET SPECTRUM OF MAGNESIUM QXIDE
Sandor Trajmar
Lawrence Radiation Laboratory

University of California .
Berkeley, California

July 3, 1961
- ABSTRACT

The complex violet spectrﬁm of magnesium oxide has been the subject'

of many 1nvest1gat10ns, but there has been little progress in 1dent1fy—

ilng the molecular species responsible for this spectrum and no success. at

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 (dr Water), deuteriﬁm, and oxygen

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

the species present in the vapor pPhase over the oxmde or in a magnesium

are at temperatures above 2000°C.

From spectral 1ntensity measurements it has ‘been concluded that

‘species involving hydrogen (most prdbably'MgOH) and at least one kind

of oxide species cbntributé toAthis épectrum. hMéésurements of spectral
intensity versus magneéium-oxide activity shbwed tha£ both the dxide"
and hydroxide ¢ontained one magnesium oiide. From‘isotope;shift studies
it was§concluded'fhat-there.is only one hydrogen atom involved in the
hydroxide moleculéé; | |

'?he hydroxide, deuteride, and oxide_ban@s vere separately'produced

and photographed at high resolution. The wave lengths of the hydroxide
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and deuteride band heads and of the rotational lines of the oxide bands

in the region 3766 to 3620 A Véré measured_ior possible analysis.

i
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I. INTIRODUCTION

The importancé of high-temperature éhemistry and the need for more
knowlédge~ébout the properties @f such systems’have been rapidly grow-
| ing in recént years. ‘ | |

'“At high temperaﬁureS’most chemical systems.undefgo changes. The

charééﬁeristic,oxidation-states of elements and coﬁpounds are uéually
’different-frdm those at room temperature. . In'many important sjstems
the:major.stable species and-tﬁeir energy levels are not yet known, and
'vreliabie thermochemiC§l calculations then cannot be:performed.- Magne -
éium oxidé'and its vapor phase' constitutes such a system. . |

'Optiéai spectroscopy is'an impértant'tool for studying gaseous
speéies ét'high'temperatdreg."It supplies the nécéssary data for the
calculation of the partition function, from which all other thermody-
namic functibns of the system can be obtained. The behavior of high-
temperaturé systems can be predictéd by such thermodynamic calculations
.ﬁiﬁh more certainty than the behavior of systems at lower temperatures,
’since.theinumber of ‘kinetic factors is reduced at high.temperatures.

When Mg is excited in an are or flame, or magnesium oxide is
heated above éEOOOC, a strong complex bahdastructure is observed in the
spectral region 3600 to 4000 A in addition to theﬂwell-known.MgO,green
and red Ban&s,l’2’3 which have been analyzed and assigned to MgO mono-
mer. |

Mhny attempts have.been:madevto analyze the violet spectrum or to
idéntify'the emitter,~but with no success. In 1935 Verhaege attempted
the anaiysis as'MgO,u _Barrow and: Crawford (1945) found that the violet

system is too complex, snd concluded that the emitter was in doubt.?



Mg,0 and Mg, are not likely to play’an important role in the vaporiza-

5

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

quist.6 .Brewer_and‘Pbrter published a comprehensive study of the
vaporization of MgO in 1951+.7 |
From vapor pressure measurements Brever and Porter have concluded
) that Mgo does ﬂot‘vaporize into only elements at around lBOOOQ, but
that moléecular speciesvalso contribute appreciably to the vapor. From
measurements of épectral‘infensity-versus temperature ihey claim that
the species responsible for the violet spectrum is‘more important at
about 2200°C than the MgO lZ-state, which is the lower electronic state
of the greeh_tranéitions. WigneIAWitmer-correlation rules would not
allow singletvmblecular states"from-mégnesium and oxygen ground states.
This indicates the probable ekiSﬁence of lower-lying triplet states.
From_simultanéous measurements of intensities of the gieenrgnd”violetv
vbands-at‘different Mgo0 activity'they have ?oncluded 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

K been;carried ouﬁ'in accordance with this assumption, but the rotational
structure of the_sﬁectrumvis not coﬁpletely,resolved“even at 0.65 A/mm
linear dispersioﬁ. Their final conclusion has been that more than one
electronie tﬁansition between triplet states is involved in the violet
spectrum.

Janmes and’Sugden.ha?e suggested, from comparing the spectral re-

gions of occurrence of Gé,vSr, and Ba halide bands and that of the com-

plex alkalineQearth oxides, that these bands are due to MOH (M = Ca,
Sr, or Ba).8 "Following this suggestion Gaydon:’ll and  Gaydon and

ChartonlO have_éarried out extensive studies’of the alkaiine earth

e
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oxide spectra. By producing the spectfum in flame and in "vacuum arc"
in oXygen, water, and heavy water they have concluded in- the case of
Ca Sr, and Ba that both oxide and hydroxide are present in the vapor
phase. .

The iiolet spectrum of the magnesium oxide -seems to be the most
complex. From the complexity of the spectrum and,from the fact that
it hae not been dbserved.in_stellar spectra one has an indication of a
polyatomic emitter. |

Gaydon and Pesic produced the spectruﬁ in vacuum are under water,
heavy Water, oxygen, and hydrogen atmospheres in high disper51on '

(0. 59 A/hm) They were not able to make a v1brational or rotational

‘analysis or to explaln the observed 1sotope shift, but found that" the

speetrum‘Was-different in water from that.in oxygen. Theyvassigned

pa?t of the bands to MgOH aﬁd-pert to the Mg202 asvthe»tvo most ﬁrOb-

able species, similar.to the case‘of the dther alkaline earth oxides.
Ba O Bagoe, BaO, Ba 03,

vapor of the correSponding oxides by mass spectroscoplc methods.

and SrO species have been found in the

13,1k,15

In magnesium exide no evidence ef ngoy has been foundl5 at tem@e?e@-'
tures aroﬁnd 180606, This can be attributed to the low temperature
and the reducing effect of tungsten shieldings.
This was roughly the situation when,(on Professor Brewer's sugges-
tion, I started to work on this problem. . -
The'spectrum appearéd to be too complicated for one to expect‘an
analysis'iﬁ the near future; therefore another wey was necessary for

identifieation-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.pfessufes;
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From this, by application of the mass-action law, oné should be able
to identify the speciés responsible for the spectrum.
Such experiments were carried out and are described in the

following sections. -~ . -~ - - - LR



II. DESCRIPTION OF APPARATUS

A. King Furnace

.The King furnece used in this investigation has been described
by Hicksl§ and by Engelke;l7 Except for various mouifications ﬁhich.
" had been added through the years, it was tne furnace constructed and
| deseribed‘by‘Brewer,'Gilles, and Jenkins.ls It céneieted of a graph-
ite resistance tube in a vacuumtight, waterfeoqleurbrass chamber.

The heater tubes were machinea from grephite, They were 12.5 .
in. long and 7/8 in. i.d., and a 1/2-in. bore was drilled through
the length of the tube. A 6 inech heating zone at the center of the
tube was malntalned at uniform temperature by taperlng the out31de
dlameters symmetrically from 7/8 in. at the center to 3/4 in. at the
minimum.cross'seetions, which were located 3-l/ﬁ in. from either end,
.where the diameter increased in one‘etep to T/S-in. Cylindrical :
graphite baffies‘l/é in. long and with 1/8 in;vheles drilled along
their axes were placed inside thie tube at.both ends. They served to
' improve definition of the'hot zone and to ninimize the diffusionzbf
-the gaseous .species from the hot zone.

The graphite tube was lined with O. 001-in. -thick sheete of tanta-
lum and tungsten, so that the magnesium oxide was in contact only with
the tungsten. The graphite reactlng Wlth the tantalum formed a Tal |
leyer; and the carbon could not readily penetrate the tungsten. Con-
' sequently,vexcept‘for some ettack by‘tne tungsten,_rapid'reduetion of
‘the Mg0O was prevented. ' | )

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

power requirement about 20 kva for temperatures of 2000 to 2300 C.



.Power was onpplied by a lOO—kve step-down transformer;»which was
operated;from a 4h0=volt single—phase'SOurce; Temperature control was
obtalned by manually adjustlng a Powerstatt connected to a control
transformer, whose secondary was in series w1th the secondary of the
Vstep down transformer.‘

The furnace w1ndows were made of 1/6 in.-thick optical quartz,
and they could be easily replaced and cleaned. Two brass disks with
l/h—in. epertures were positioned invthe bore of the window assembly,
which helped to keepjthe nindow clean. To avoid multiple-reflections
thevwindons_were tilted 2 degrees from Vertical. o

Theifdrnace was connected to a{vacuum‘line and valreﬂsyetem
which allowed‘the attainmentvof different atmospheres in the furnace.

The temperature was read with a Northrup optical pyrometer which
had ﬁeén calibrated by comparlson with a NBS—calibrated pyrometer.

B. Vacuum.Arc

The arc used to produce the spectrum in ox1d121ng atmosphere is

shown 1n F1g 1. | ‘

| It consisted of a 2-liter pyrex bulb with quartz W1ndow, of ad-
justable electrodes with magnes1um ‘tips, -and of ground glass 301nts
to vacuum and to gas inlet lines. Both electrodes had kovar-to-glass
301nts and were mounted to the bulb by tapered ground glass Joints.
The upper electrode was connected to the bulb by a vacuumtlght bellows
system which made possible the_adgustment of the electrode dlstance
- under vacuum. | |
" The pressure. could be read by mercury manometer or by thermo-

couple gauge. Power vas supplled by 200 v de line and could be regulaQ
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Fig. 1. Vacuum Ar,c.‘ ‘



te@ between 1 and '5.‘:'_'?meere~S-' ?by a resistor. The arc was started by a
Tesla coil. The e-lectrodes_eould be_coo'l.l.ed- by air, but for short
.opere.tionr‘s .i‘t--lwas not rleceesexy. ‘The window ﬁas ,mounfl:;e_d on a ;ide
arm ‘fo; '_i;eep-ﬁ free of- depositing' magnesium oxide. A small giass bulb .
was connected to the main dbulb which conta:med the water or heavy
water. . The water pressure wa.s adjusted by keeping this flask at “the
requ:l.red temperature. When the arc was run in oxygen, this bulb was
removed and the system was connected to dry oxygen supply One of the
two pumps was. smmultaneously operated W:Lth the arec, whlle ’che other
pump system, whlch cons:Lsted of a llquld nitrogen trap, 011 d.lffuszxon

pump and._fore-pump 5 served only for degassing of the ','system.

: C Spectrograph

In most of this x.#r'or.k a 3-meter con‘c‘ave grating spectrograph was
. used in first a.nd second order. It had a linear disperéfon of -
2.8 A/mm and revolv:.ng power of 0.027 at 4000 A in second order. ' The
‘spectrograph could be mounted either with a scann:mg d.ev:Lce or a
‘photographlc plate hold.er. A slit wid‘bh of 20 to 50 ® was used on
both the spectrograph and photocell during spectral scannings, and of
about 10 p when the : spe,ctrum was photographed. '

The spectrum was also produced in very high dlspersion by a 21-
ft concave gra‘l;ing spectrograph in second and thlrd ord.er. It had a

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

D. Electronic Spectrum - Scanning Device :

The scanning device was designed and described by Phillips.19
A 1P-21 photomultiplier (RCA) located on the Rowland circle of a

3-m concave gratingi .specfrograph generated a dc current which was -
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proportionél to the intensity of the light hitting the photocathode.
The current went through a load résistor,xand the voltage drop across
the resistor was power-amplified after beinglchanged,té ac by a
Brown conver‘bero The output from the ampiifier-was converted ie dc 
and used to drive a Brown "Electronic" strip-chart recorder.

A vécuumtight container with silicone rubber gaskets anq double
quarté’windOvaas constructed Which made it possible to keep the
photomultiplier tube at dry ice temperature. By cooling, the éignal-
to-noise ratio was increased by a factor of more than two. The con-
tainer was filled with argon fof better heat cénduction, and the space
between windows was evacuated‘to prevent moisture condemsation. The
argon was dried, because moisture condensation on the tube pins

caused considerable noise.
. E. Optics

For best illumination of the spectrograph the image should be

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

grating. To satisfy all these requirements in the case of a narrow,
extended‘sburce like the King furnace requires special qﬁtiésc This
could be achieved by the use of a cylindrical lens in fromt of the
slit, but the more complicated optical system would have no édvanﬁage
over a simple lens system in this work. Therefore the second re-
quirement was not satisfied.

The furnace was located 3 m from the slit and a quartz lens of
5 cm diametér and 30 em foecal length was used. For the arc the dis-
tance was 1 meter ﬁnd the quartz lens had a diameter of 5 cﬁ and -

focal length of 20 cm.
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The spectrum obtained by the King furnace is not equally intense
across its fuil width, because of imperfection 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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TII. PRELIMINARY EXPERIMENTS .

§

The purpose of the preliminary experiments was to find: the best
condi‘f;ipns for producing the spectrum and to make qualitative observa-

tions on the behavior of the spectrum in different gtmospk;erqs,

AL King Furnace Excitation |

The sample | consisted of s‘maii ‘ﬁagnesium oxide erystals , Wwhich had
soﬁe a.d.vavntage over powdér' namely, they made possible a greater
charge density and caused much less dust formation. The result of the
analysis of thé sample is summarized in Table,vi. - |
. The crystals were placed in the hot zone of the mrnace and had
conta,ct only with the tungsten,lmmg. They lasted for about lLO
minutes at 222903.’vThis-tempera£ure'was found the most suitable for
the experiments, At and above 230000 the é.usf; c_oncen’cration Wés-’"very
high,  the Mgo was reduced too rapidly, ‘and ra,pid crysta.l growth start-
‘ing at different points of the tube completely closed up the hole. Be-
low 21090 the violet spectrum was not observable with reasonable ex-
posure times. Since the c-ompa,rison, of the violet bands wiﬁh the green’
MgH and MgO be.nd;a was also planned, and the latter did nof. appear be- '
"iow 220006 with Aeonveniént e:@osufes, the temperature 22200(3 Wé,s
accepted as best for thg King furnace ‘experiments.
| ".I-‘he upper tempefature_ 1imit could be pushed up to 2400°¢C in argon

2
 The small amount of eutectic melt that was formed this way helped in

a‘bmosﬁhere , if a few percent of Si0, was added to the Mg0 crystals.

frapping the .d.ust partiveleso In hydrogen atmosphere the same me'ﬁhéd.
did not work. V |

The spectrum was scenned with the above-described photoelectric
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Table I. Sample Analysis (in wt %)%

Weight Analysis B Spectral Analysis

Ignition loss 0.27 AL 0.06 _ Ca “o.oosh

Ca0 o 0.10 Fe ' 0.03 Ba 0.05

sio, 0.0k si 0.0k Mo 0.005

3203 ‘ 0.10 Cr | 0.0006 Li 0.01
Cu  0.0008

. Analysis has been done at the Analytical Laboratories of
Mineral Technology and Ceramics Department; Univer81ty of
California, Berkeley.
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device, ‘but it seemed impossible to -achieve good reproducibility. The

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

and crystals growing<across the tube showed up as pesks on the chart.
The scanning method was therefore abandoned,'end a photographie tech-

nique wés applied which smooths out timeadepen@ent'deriations in the

furnace. - -

rKodek‘plates vere uged, type 103 a—Ovor”II a-0 for the region'_
3000 to- 4000 A, and type 103 a-~-F for tpe region 5000 to 6000 A.

 Hg; Mg, and Fe lines Berved as reference lines. From these, 90
contaminatlon atomic lines were 1dent1f1ed and used as further refer-
encevp01nts,' (See Table II.) For more accurate wave-length measure-
ments a thorium spectrum was applied°

The plates'were calibrated by step weakener, and'a‘Leedsnmortﬁup

microdensitometer was used for scanning.

B. Influence of Hydrogen Pressure on Spectral Intensmty

The violet spectrum was believed to belong at least partlally to
MgOH. To check thls assumption the spectrum.was photographed in the
reglon 3600 to MOOO A, with gradually 1ncrea51ng hydrogen pressuree_

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

in 20 cm argon atmosphere (parﬁ‘a)é "¢" indicates the unknown hydro-

pressure corresponding to the water present in the sample and tube°
The hydrogen pressure was then 1ncreased to 5 em (part b) and +to 10 em

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

, spectruﬁ under these three conditions. The region 377305 to 3882.5 A

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

by vertlcal lines on the figure,_



Table II. List of atomic"]'.ines observed in the furnace spectrum .

b

Wave length

Wave length

I

Reference lines from auxiliary exposure

: Wa&e length ,
(a) Element _(a) Element (a) - Element
%077.83  Hg. I® 3865.53 _ Fe I 373487  Fe
4063.59 Fe I - 386k.11 Mo I  '3733.32 Fe I
Lou6.76 cr I(?) 3859.91 Fe I 3732.03 Co I
L4046.56 ‘Hg I® 3B\56.37  Fe I 3727.62 Fe I
LobLs.82 Fe I. 3849.97 Fe 1 3722.56 Fe I
~ holk, k2 A I 38405 Fe I 3719.94 Fe I
Lo3k. 39 Mo I = 38ko.hk Fe I 3709.26 Fe I
4033.07 Mn I 3838.29 Mg I 3707.83 Fe I
4030.75 - Mn I 3834.22 Fe I 3705.57 Fe I
3998.65 T4 I 3832.30 Mg I 3687.46 Fe I
3989.77 T I 3829.35 Mg I 3683.05 Fe I
3981.77 - T4 I 3825.88 Fe I 3679.91 Fe I
3968. 47 Ce. II = 3824.4h Fe I 3663.28 Hg 1@
3961.52 AL 1 - 3820.&3 Fe I 3662.88 Hg 1%
3958.21 T I . 3815.8k Fe I 3654.83 ‘Hg I®
3956.28 - Ti I 3812.96 Fe I 3653,50‘ Ti I
3948.66 ™™ I 3799.55 Fe I 3650.1k4 Hg I®
1394400 AL I - 3798.51 Fe I 364784 Fe I
+-3933.66 Ca . II  3798.26 Mo I 36h2.67,. .. Ti I
3930.30 Fe I  3795.00 Fe I .3639.80 or I
3927.92 ©  Fe I 3787.88 Fe I 3635.46 I
3922.91 Fe I 3767.19 Fe I 3631.L46 Fe I
3920.26° Fe I  3763.79 Fe I  3619.39 Ni I
3906.48 Fe I 3758.27 Fe I 3618.77 Fe I
3902.96 Mo I 3752.86 T4 I 3608.86 Fe I
3899.70 " Fe I 37&9.&9 Fe I . 3605.33 cr I
' 3895.66 Fe I  3748.26 Fe- I 3593.49 cr I
3886.28 Fe T  3745.90 Fe I 3581.19 Fe I
3878,22 Fe I  3745.56 Fe I 3578.68 cr I
~ 3872.50 Fe I 3737.13 Fe I. 3570.10-: - Fe I
a
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MU-22967

Fig. 2. Microdensitometer scan of a part of the MgOH
' spectrum at three different HZ' pressures.
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Most.of the U4 bands listed by Gaydon as hydroxide bands wefe pref'
sent in the King furhace spectrﬁm.l2 The‘intensity of these banés iﬁ-
_creased with increasing hydrogen pressure. The increase wés roughly |
propoftional to the‘square rooﬁ.of the hydrogen pressure. _Several other
- bands whiéh responded the same way were also QbsérVed;

» The'hydroxide bands were quité strohg even when no hydrogen buf only
dry argon (20 cm Hg) was present in the furnace. This was attributed to
the preseﬁce of water'in the furnace and the sample. |

~ Several of the strongest bands listed by Gayddn as oxide bands were
also observed in the furnace-sﬁectrum undexr argon atmosphere, but they-
were obscured when hydrogen was introduced into the furnace.

In thé.firSt-Qrder pictures, where the complex violet bands and the
v'green MgH.and MgO bands were simultaheously phofographed! close parallel-
ism wés obsérved betwéen the behaviorvqf the violet'hydroxideiand gréén
MgH bands. The latter were also present in the furnace when ﬁydroéen‘
| was not yet added. Théir réSponse ﬁo increasing hydrogen pressure was
very éimilaf. |

In #nofher experiment anvattempt was: made to eliminate thé water pre-
gsent in the sample and King furnace. The furnace without charge and
lining was evacuated and gradually heated up fo 250000 in 24 hours and
was kept at that temperature for about 2 hours under'continuous pumping.
The‘vacﬁum'wés less fhan 10 p at the énd'of the 2-hour period. The ﬁater
was trapped with liquid Nz. The‘furnace was then filled with dry argon,
and the lining and charge were introduced. The sample was’then degassed
ét BOOOC for 2 hours. Following this the‘spectrum was’photographéd'in
‘first'order, covering both the violet aﬁd gtéen bands, at 2.5-hour inter-

vals.
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‘A continuous decrease of the intensity of both thé hydroxide‘and the
MgH green bands was observed. The intensit& of the violet oxide bands
éﬁd the green MgQ bands did not change appreciably3 but,és the hydroxide
bands disappeared the oxide bands dominated the' spectrum. : |

The expefiment was repeated-and ﬁhe spectrum was phﬁtographéd'in
second order covering only the violet bands. The above observation con-
cerning theAhydroxide and pxide bands was confirmed. Finally hydrogen
was introduced into the King furnace and very strong hydroxide bands were
observed again. This proves that the decrease of the intensity ﬁas not
due to the reduction of the sample._ The midrodénsitometer scannings of
these plates are shown on Fig. 3. |

The spectrum was also abserved iﬁ'deuterium atmosphere. It had a
‘quite diff§rent appearaﬁce from the spectrﬁm invhydrogén. An isotope
shift>was definitely~indicated, but the spectrum was too complex~to

allow eorrelatioh between the two band systems.

E. Vacuum Arc Excitation

In order to study the specﬁrum in oxidizing atmosphere, the vacﬁum
arc described above was bﬁilt. In air or in oxygen atmosphere without
special care, N2 and CN as Wel} as the,mixture of the magnesium oxide and
nydroxide bands were present.

To produce the oxide spectrum free of disturbiﬁg bands the water
aﬁd nitrogen‘had to be excluded. The arc ﬁ;;cgﬂé;efore degassed at less
than 0.1 p for several days, water was trapped with liquid nitrogen, and
water and nitrogen-free oxygen were used. Under these conditions the

dominant.feaﬁures of the spectrum were the oxide bands. ,The presenée

of water could be Very well confirmed by the simultaneous. observation of
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the 3064-A OH band. .Fig. ha shows the a;é spectrum in watei- and in

oxygen and the correséonding OH band. FigéEB shows the ﬁicfddehsitome—

ter traceiqf the violet region.“v o :
When the arc was_operéfed in water atmosphere the hydroxidevbénds

observed in the King fﬁrnaée were very strong (as we?e the MgH and the

3064-A OH'bands).' Under these conditions only‘theIStrongest oxide bands

were present with noticeable intensities.
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IV. DISCUSSION OF PRELIMINARY EXPERIMENTS

In the preliminary ex@ériménts the optimﬁm conditioné for producing
the spectrum were established, qualltative effécts of the hydrogen
pressure were observed, and it was shown that hydrogen containlng spec—
cies as well as oxide speciesrcontribute'to the spectrum.

The King fﬁrnace'ét the ﬁemﬁeratures of ‘the experiments is consid-
ered as an equilibrium soﬁrCe of radiation, therefore mass-action law
consideraticnsvcan_be_appliea; namely, the vepor pressure (fugacity)
and thereforé‘thé iﬁtenSity of;the-bands criginating_from a species con-
taining hydrogén:shoﬁld.incréa%e.prbportionally with increasingvhydro-
 gen pressuré.. - . |

The bands assigned to hydrox1de emitter were . found qualltatlvely
to behave in this manner. The presence of hydrogen in the emitter re-
spon51ble for this spectrum‘Was therefore almost - certalnly established.

The close- parallellsm of the MgH bands with these bands and their
dlsappearance when the sample and furnace were degassed at elevated
temperature were a further assurance of the correctness of th;s assump-
tion. These bands were called "hydroxide" bénds although there was no
rigorous‘Proof concerning th§ compbsition‘of this molecule yet.

Porter's inﬁensity ﬁéasurements on the violet and green magnesium
oxide'bands at différentngO aﬁtivity showed that there was only one
MgO present in the specles responsible for the violet spectrum 1 There-
fore he concluded that 1t was also MgO. More.rlgorously, however, one
could deduce from his results only‘that the emitter contained one MgO,
but it coul&ialso beva réactioh‘product-éf MgO with some element

commonly present in flame, arc, or furnace.
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The experiments describedlébove showed that the King fﬁrnace spec-
trum contained mostly hydroﬁide bands. Porter's measurements also were
carried out with the King.furnace and he actually observed these bands;
his results, therefore, apply to the hydrokide not to the oxide bands,
and are in agreement with the assumption that these belong to MgCH.

Bulewicz and Sugden‘studied the magnesium violet spectrum in
flames of oxygen-hydrogen-nitrogen gas miXturés,eo The magnesium was
applied in- the formbof a spfayﬁof'magnesium salt solutions.  They
found that the intensity of bands changed proportionally with the con-
centration of solution in the atomizer, indicatiﬁg only one magnesium
atom per molecule. One could sayhagain tﬁat in a flame of an oxygen-
hydrogen-nitrogen gas mixture mostiy the MgQH bands occurred, and the
possible overlap of some weak oxide band structure would not influence
appreciably theilr measurements even if the oxide bands were due to a
dimero |

The assumption that the hydroxide spécies contains'one'magﬁesium
and one oxygen has been quite well established by these experiments,
but there is no proof of the number of hydrogen‘atoms in the emitter,
although from the occurrence of mégnesium halide bands and the complex
violet bands in ﬁhe same‘spectral fegioQ we have suppbrt for the MgOH
assumption. (See Fig. 6). |

The general appearance and wave lengths §f the band heads of the
hydroxide spectrum are discussed later in connection‘with thé high-

. resolution piectures.
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In theory, analysis ofAthéfspéctrum or a study of the isotope shift
would supply the necessary data, but the compexity of the spectrum seems
to make analysis difficulﬁ,; The isotope shift has been studied and is
described in Chapfer VI; 7 - | |

~Another way of ﬁroving this assumption would be to select regions
of the spectrum where only "hydroxide' bands are present and study
quantitati?ely the variation.of intensityfwith respect tb hydrogen
pressure. These experiments are discussed in Chapter V.B.

Tt was dbSerVed on ﬁlates taken'withxthé King furrace as a source
that, when aﬁ attempt is made-to ﬁinimize the_wéter in the sample and
furngee, the intensity of most 6f the feétures decreasges, but several
bands remain strong. These bands'ére overlapped by strong hydroxide
bands when‘watef is present, but when the water bf H2 pressure is low
they dominate the spectrum. Thevanelengtb of these features agrees
with the waveléngthvof strong oxide bands assigned by Gaydog-to Mg202.

" In the King furnace the atﬁosphere is always reducing; the intensity
5f these oxide bands,is.uhderstandably low.

The vacuum arc built for better observation of the oxide features
proved to'be a very conVehient source for the production of magnesium
oxide and hydfoxide spectra'togethér and separately. The arc is not
suitable for mass-actionAIawfchsiderationé, because one does not know
how far off oneris‘fgqugquilibrium.and because the pressure cannot be
varied ovef a wide enqgghiregiono lBeéause the temperature of the arc is
higher than that of ﬁhe_furnace, the spectrum is more complex. In spite
of this the arc gives Vefy nice spebtra, because the dust problem is
absent. |

The spectra obtained by the vacuum arc gave further evidence that
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the compléx violet band system consisted of overlapping hydroxide and

oxide bands. |

The oxide band systém consists of four groups of bands: (a) A

" weak group of bands centering at about 3640 A. (b) A very stfohg,4eom-

tpiex'band group around 3720 A. Both sides of,thié‘group show fine rota-

 tional structure. The center part consistsAof bands degrading in both

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

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

towérd the.red and arebpartially”}esolved even with the 3-me£er specto-

graph. (d) A weeker group of bands, which is the continuation of the

third one and extends up to about 4000 A.
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V. QUANTITATIVE STUDIES OF SPECTRAL INTENSITIES
In order to fix the formula of the violet-emitting oxide, the
variatioﬁ of the intensity of these and the green bands verc studied
together under equilibrium vapor pressure conditions at constsnt tempera-.
ture, but at varying thermodynémic activity.of the solid MgO. 1In 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 |
.éufficiént tiine was alléwed for the establishment of thermal equilibrium.
. The chemicai equilibria equations are | -
Mgo (s,a, ) 1/x (Mg0)_ (&)
Mg (s,a,) = Mg0 (g,"2) = 1/x (Mg0)_(g).

The thermodynamical relationship expressed in terms of intensities is

U
1

1
Mgo (g, Z) .

i

i

I (violet, a, )\

\I (green, a2) I (violet, ae)/

/&.(green; al) X
’
where I (green; él) = ihtensity of a green Mgo band at solid MgO activi-
‘ty of a,- The othér symbols havevsimilar 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 bbtain the value of x.
The furnace and sample were freed of water to a certain extgnt
(by degassing) in order to decrease the intensity of the hydroxide bandes
and make the oxide bands eaily observable. The spectrum was then photo-
graphed in argon atmosphere.
| In theifirst series of experimenfs the 5007-4962 A green MgO bands

-and.the violet bands were photographéd-simultaneously in'first order on



the same plate at two different MgO activities, The‘change in ‘the ac-
ﬁivity was achieved by bringing ﬁhe sample to about 250000 for 1 to 2
minutes, at which it reacted quite fast with the tungsten lining. 'Inr
the compéund forméd the activity of the MgO was less than unity. Temp—
erature, spectrograph setﬁimgs, and opties were kept thé same during
the two exposures. Each plate waé calibrated by a step weakener at
3600 and 5100 A. | -

In a secdndvseries of experiﬁgnts only the violet bands were photo-
graphed in second ofder and the intensity ratios of oxide and hydroxide
.féatures at two different aétivities were compared° The‘MgOH bands
should'behave'Iike Mg0O monomer in this expgriment. At higher<disper-
sion the gréen bands could not be includéd because the spectrograph
covers a range of only about 1000 A°

The results are shown in Tables III and IV. The first column shbws
the spectral regions or the wave length of the fEatures chosen for the

/ ,
measurements. On the first-order pictures it is hard to distinguish |
individual bands; therefore, a spectral region has been choéen, ﬁhere:
‘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 atomic'features. 1/t is the
intensity calculated for unit exposure time and "r" is the ratio of
.the intensities at two different'MgO activities,' The corresponding ac-
tivities are also shown in the head row. Boﬁh ‘the first- and second-
order actlvity experiments were performed twice ("a" and "b" in the
tables. ). |

No dlffErence is observable in behavmor for any of the v1olet

bands compared w1th the green bands or with the MgOH'bands The value
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of x calculated from the above equation is unity.

Table III.

intensities.

The effect of the varlatlon of MgO activity on spectral
(Flrst order spectrum)

0.3

. b
Wave length  « _ . I/t at I/t at I/t at I/t at
region Spec1es‘ a=1 a<l ¥ a =1 a <1 o
3680-3716  (Mg0)x [MgoH] 3.237 L.k 2.4 2.20 1.03 . 2.13
3716-3725 | '(’Mg'o)x | 3.26 1.50 2.17 2.43 1.15 2.11
3725-3746 (Mgo)x [MgOH] 2.88 1.30° 2.22 1.93 0.92 2.1l
3766-3830  (Mgo)x [Mgom] ~ 2.86 ~ 1.29 2.22 1.87 0.85 2.20
3873-3882 ©  MgOH. . | 231 1.12 2.08 - 1.36 0.63 2.16
L974-5007 Mg0 3.60' 1.59 2.26 2.50 1.35 1.90
Table IV. The effect of the variatlon of Mgo actlvity on spectral
o 1nten51t1es (Second-order spectrum) ‘
D , : b
Wave length A I/t at I/t at I/t at I/t at
region. Species 'a-/= 1 a<l a=1 a<l
13720.7-3721.4 (Mgo)x - 2.08 0.97 2.1k 2.50 1.17 2.13
372h.9  (MgO)x [MgoH]  1.80 . 0.83 217 2.05 1.1 1.93
3731.8 (Mgo)x [MgOH]  1.60 0.72 2.24 1.78 1.00 1.78
T 376611 (Mg0)x 1.56 0.6h 2.4k 1.12 0.50 2.22
3771.823772.3 (Mg0)x 1.56 0.64 2.4k 1.10 0.50 2.20
 3777-%-3777.8 (Mgo)x 1.50 0.6k 2.32 1.12 0.50 2.22
3782.6-378%.2 (Mgo)x 1.5  0.65 2.k0 1.16 0.51 2.27
| 3798.3 (Mgo)x [At.]  1.32 0.63 2.10 1.70 0.93 1.8
-'3805.3-3824.4 MgOH 1.40 0.67 2.09 1.62 0.96 1.69
3848.56 MgOH 1.ho 0.70 2.00 1.67 0.98 1.72
3873.5-3882.5 MgOH 0.96 2.2 1.15 0.71 1.61
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In each case the'ecﬁivity'hes been decreased Ey a'factor'of'
‘roughly two (calculating from the green bands). If eeme'éf.the bands
had originated from & dimer the intensity ratio would be 4 instead of
2, which is uosﬁ.probably eutside the limits of experimentelﬂerror.
Even if one of the oxide bands or regions chosen hadve So%veoﬁtribution
?o the iutensity from MgOH, uhich is verj improbeble, aAratiof0f32.7
'instead of 2 would have to be observed. | |

The'discrepancy showing upvin the intensities of the same band
under the same conditions on different plates maj be partially caused
by slight difference in temperaﬁure, But areemainly due to the differ-
v ence in spectrograph settings and opties. These had to be reset for
' every plate separately, because of the step-weakener exposure

The error introduced by the uncertalnty in the temperature must
be quite small, on the one hand, because the temperature was measured
at least within an accuracy of + lOOC; on the other hand, the error
introduced in comparing the intens;ty of the green and violet bands is
proportlonal to the difference in heats of vaporization of the green
and violet species.

| These experiments show that the oxide bands appearlng in the

King furnace belong to monomer species. This could be expected proba-
B bly for tﬁe oxide bands in the regi,on 3766 to 3830 A, wﬁich appea,r
very regular and are partlally resolved with the 3-m concave~grat1ng
'spectrograph The results are interesting as far 88 the 3720 A com-
plex oxide bands are concerned. The 3720.66 -, 3720.96 -, 3721.40 -,
eud_372h.9 - A oxide bands are very”compler, and Gaydon has classified
them as Mg20 bands. These bands are verﬁ'well recognized on the =

2
vplates and are not disturbed by atomic lines or overlapplng MgCH bands,'
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There is another "complex" oxide band at around 3732 A, not listed by
Gaydon, which behavés also as a monomer. |

We.conclude from these feéults tgat\thére is no dimer contiribu-
-tion to;thé violét spectrum under the conditions of these experiments,
and all oxide bands.present in the furnace spéctfum_are due'té a dia-
. tomic MgO. -
Quite recently Pesgic studiéd_the isotope shift in the green and
- violet magnesium oxiée bands, using vacuum are excitaﬁionrandvrunning

_the arc in 160, in 18O, and in a mixture of them.gl_ He did not ob-

‘serve extfa bands iﬁ the last case, therefore only ome oxygen was in-
volved in the oxide emitfer. lHE'fbund, however, that the isotppe
'shift‘in the violet bands was quité irregular -- which, he cqnéluded,.
maylberattributed té 5 polyatomie emitterngXO. o
|  _Thié ;aiseslagain thevquestibn of the probable impgrtgnce of
the‘ﬁgao species in the vapor phase. Mg20 may be fbrmgdtggcording to
thg_gquation 7 . _
Mgo (g) + Mg (&) = Mg,0 (&)-
Iif equilibrium.is maintained, thén | \

g0 o Piigo Piig.
There are three possibilities: o
(a) Pirg is proportional to the MgO éolid‘agtivity. In this éase
‘PMgQO iS proportional to the squafé.of the solid MgO activity. |
(v) Pig is not proportional to the solid Mgo activity and not con-
stant either. In this case the .spectral intenSities bf the néar-
»ultraviolet features belonging to the oxide emitter éhould not be
‘proportional to the MgO solid activity. | |

(é)'_If Pug is approximately constant as the solid activity is varied,

’
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then the 1nten51t1es of “the oxide features are prepgrtlonal to the
first power of the actlv;ty and so they ‘behave similarly to the mOno-'
mer.

| 'An isotope shift experiment with Mg isotepes would yield further
~ useful data for-settling‘thiseéﬁestiona» | |

B. Hydroxide Bands

Tt was found in the‘pfeliminary,experiments ﬂhat certain‘featuree
" of the violet bands.were sensitive to hydrogen preeeureq'-As a-matter
of fact, thelr inxen81ty varied roughly in proportlon t6 ‘the square
-root of hydrogen pressure. The numbers of oxygen and magnes1um atoms
in the'mnlecule=reseensible for*theée'ba?ds Were'quitewwell,eStEblish;
. o _ .

In COﬁnection'with the stﬁ&ies offepectral-intensity.of ﬁheevio—
' ;et oxide bands es.a funcﬁibn»efuMgé seli& acfivity5 some ef the mmet.
.intenee hydroxide bands were alse'oﬁserved. - It was shown that these
“'alse'behave as mmnoﬁers, theﬁ is, ‘they contain one magneéiumpand-onefu
oxXygen. B

We have no real proof concernlng the number of hydrogeps, but

k'only some indlcatlon for one’ hydrogen because of the nice fit of the
'spectral region of the hydrox1de bands into the MgX scheme (where X
is a halogen or OH). This is demonstrated in Fig. 6.

_Under equllibrlum condltions 1t 1s necessary to satlsfy the equa-

tion

where Il'and"le'are_the,intensities of the hydroxide bands at hydro-

genvpressures of pl'and 92 and'n‘is-the:numberﬁof hydrogens containea'
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by the'emiﬁter. This equation holds, of course, ooly in_ﬁhe linear
region of the concentretion-versus-intensity plot. In avgeseous sys-v
tem at low pressure the intensity is far from*black-body intensity,

. and this requirement is satisfied. This equation offers a_convenient‘
way for fhe determination of n. With'the King furnaceAused ae an
equllibrium source, the spectral 1ntensmty of the hydrogen bands was
studied as the function of the hydrogen pressure for this purpose.
Seyeral difficulties arose, howeVe?, in connection with these experi-
ments. |

(a) iThere was always»water present in the King furnace and sample,
corresponding to an unknowﬁ hydrogen pressure. This had to be taken
into account as a parameter and it amounted to approximately lO% of
the maximum tolerable hydrogen pressure. |

| (v) Dust present in the furoace.gave a continuous background radia?v
tion which changed with hydrogen pressure. The dust had‘another |
'yeffectitoo: the intensity of the spectral features itself decreased--
while the dust,conCentration end background radiation increased--be-
cause of the scattering of radiation on the solid particles.

(¢) The hydrogen pressure could not‘be inereased over about 30 cm

Hg because the dlsturblng effect of the dust became 1ntolerable, the
sample reduced too fact and fast transport of the materlal closed up
the hole. On the other hand, the intensity was proportional only to
the square root.of ﬁhe,hydrogen pieesure. ,

(d) The sample reduced quite fast, and this made it iﬁpossible to
oross-check'by taking several exposures with the same‘saxwle.v

(e) The final difficulty, which turned out to be Prohibiting, was

thet equilibrium could not be maintained even with moderetely high
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hydrogen preséures; This last point is demonstrated in“Fig; Ty

which shows the violeﬁ and green spectrum obtained in 8 ém.argon and
in 28 ecm hydrogen pressure. Going from the argon to hydrogen the

. intensity of the green MgOH:bands_increasgd parallel with the violet
hydroxide Bahds, as one expected, but at the same time the intensity
,Of the green Méo bands very greatly decreased. This indicated‘that
equilibrium was not maintained. If it had been maiﬁtained, the inten-
sity of the MgO bands should have remained the same when the intensity
,ofvbands belonging to hydrogen-containing species increased owing to
the increase of the hydrogen pressure.

The explanation for the failure to ﬁaintain equiiibfium may be
the following: material is transferred from the hot zome to the cold
parts of ﬁhe tube, and this transfer ig speeded up by fhe‘increase of
the hydrogen pressure. 'When the rate of disappearance of thé gaseous
species from the hot zone appfoaéhes the vaporization rate of the Mgb,
equilibrium can no longer be established.

It has been found by Dreger and Margrave in Léngmnir vaporization
eﬁberimgqés»thaﬁ the vapérization_coeffitient of MgO is very small.22
This»iﬁéi&étes that the equilibrium considered here éan be egsily upset
by procgssés.using up Mg0 in the vapor phase.

We thefefqre;conclude that the King furnace is not an appropriate

source for studying the hydrogen pressure effecpAguanﬁitatively.
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VI. ISOTOPE SHIFT IN THE MgOH SPECTRUM

For the deferminatibn’ofbthe nuﬁber-of hydrdgené in the hydroxide
emitter a study‘of_the isotope shift was underteken. The spectrum was
Aprodﬁéed by funning'fﬁé vééuum:arc'in ﬁéter,’innhéavy water,/and in é
mixture of théﬁ. ‘The photographs,qf fhe spectra were taken -on the 3-m
cqncave-grating speétrograph in second order'coveriné the region 3600
to L4000 A‘as well‘as the 306h‘0H band.._The.shiftvwas easlly observable
on-the_OH Baﬁd'and cleariy present inlthe,hydroxide bahds; as evidenced
'by the diffefeht»appearance of thevtwo spectra. ROn'platés faken with

: the mixture both the hydroxide'aﬁd deuteride features wére easily |
observable, but no extra fEatures>Qere.found.

Although the correlation betweén ﬁhe'tWO'band systemé must be
complex, itfiérpossible fq recognize the hydroxide and deuteride bands
photographed Cn~top-of each other. It seems also certain that the
appearance of extra bands corresponding to mixed sﬁéciés would be ob-
servableQ ‘The absehcé of thése extra features is interpreted there-

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

The hydrexide, éeuteride;igndlexidewspectra prcduced by the vacuum
arc werxre photographed in high resolutiou.uith the 21-ft COncavesgrating
spectrograph on Kodak I1a-0 plates. A partially overlapping thorium
spectrum was exposed on each plate to serve as standard All plates
were calrbrated with step weakener. The wave lengths were obtained
by a program (developed by Professor John’ Philllps and Professor Sum-
neerev1s) using an ]BM.YOh computer.

The hydrOXidevbahdsﬁwere obtained in second order in the region
3668 to 3937 A. They are ehoun on Fig. 8. The spectrum looks uuite
‘compllcated not resembling at all a diatomic molecular spectrum
There are bandS»presentldegrading to both dlrections or to neither, and
many headless hlgh— intensity reglons. At some parfs.ef the spectrum

the rotational structure is resolved but in most parts it is not.

‘With few eXCeptlons it is hard to tell where g band head is at all.’

The piling up of the overlapping'rotational#etructure of different

“bands givee high—intensity regions which one should not call band heads.

The most intense points more or less smmllar to a diatomic band head »
{

: have been measured and thelr wave lengths and intensmtles are given and

~ compared to those ovaaydon in Table V.

. Wave lengths joinediby brackets-représent the two edges -of a band
with no visible degradatlonvin either direction, o
Ggydon lists 4b MgOH bends; 38.o£:them~agree'quite well with bands
measured. on these plates, feur'do not seem to be bands in the ﬁreseut
spectra (they are marked with "n"). One band is not definltely recog-
nlzable, and one of his bands is out of the region of exposure. Be51des

these Ql_mere bands are listed.
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The deuteride spectrum has also.been produced.with_this high disper-
'eion by running the arc in'heavy water. The spectrum is shown on Fig. 9.
The ﬁave‘lemgths of the most prominent features are‘gi§en iﬁ Table VI.

Géydonvliets 39 MgOD bands. In 26 cases the observations agree,

10 do not look like bands on theee plates, and three ere-eut of the
range of‘exposure. Fourteen more new MgOD-bands(are listed here.

" The dbservatione described>in Chapter VI concerning the isotope
shift were further confirmed by the highsreSoi&tion pictures, Thexe is
no deubt about the-oceurranee o£3a.shift, but the co:relation betweeﬁ S
the twobspectra‘must be very complex.

From the appearance of the hydrox1de spectrum in the same region
vas the halide spectra we can deduce {that the bonding in the molecule is
Mg-0-H, and it is very probably a bent molecule. - In this case the two
larger memehts of inertia are almost the same and we have the case‘of”e
prolate asymmetric top. The substitution of deuterium'for hydrogenvdoes
notfappreéiably affect the two larger moments of ineftie, but will affect
theismali one very much. The three'normal modes of vibrations are also
differently affected by the-hydrogen-deuterium isotope-shift. " This may
account for the complicated isotope‘shift. The theoretical considera-
tions for isotope sﬁift in a‘trietomic molecule are briefly summarized
iﬁ‘Appendix II. . _ |

The general appearance of the oﬁide sPeetrum has been described
above. The two most intense greups of these bands»haVe been photegraph—
“ed in second order on the 21-ft spectrograph. The 3720 A region is
‘ qﬁite complex, but not as mueh'es the hydroxide bands, and when the o
spectrum is produéed with very ehort exposure so that only the most

intense part of it ehows.up, the rotational structure is quite well
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Table V. The most prominent features of the MgOH bands.
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Table V. cont.) The most prominent features of the MgOH bands.

This work : : Gaydon

A ) A
a) I _Deg (A)
46.92 93 N W
47.59 93 M 46.93
48.56 M 48.56
49.68 - 71 .V hg.68
S5k, 9 ‘ koo
" 5h.90 % M 54,9
55Tk 90 v |

. 56.19 81 v

5645 70 v , :
59, T4 77 -V 59.7
62,65 60 M

73.06 15 v

T76.83 83 v 76.82
'80.19 81 v 80.16
81.50 86 v :
82,56 -V 82.5
90.01 69 v -
93.66 T3 v :

3901.15 1 v 3901.16
“1h.6k 64 - M 14,64
19.20 57 v 19.1
27.85 45 M |
31.70 b v : ,
36.36 37 v - 36.2

I Deg
6 M
;) M
8 '
T v
6 v
6 v
6 v
6 v
5 v
fﬁ:l].‘ M _
5 v
L v

v ’Outsili'e exposed range .
not defim.tely recognizable

does no‘b seem to be a band on 'bhe recent exposures '
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Table VI.. .

-h3s

The most prominent features of the MgOD bands.. . .
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3807.39
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" Table‘VI.v(cont.)" The most prominent features of the MgOD bands.

This work R . Gézgon

N '

() I Deg - (a)

g2 39 oM

‘90, -

' 3905.78 o w T
09.93 6L M S 09.8

19.98' : éh' v - 20.0k

3h.59 25 v . :

<m<z =<

& outside gprsed'range
,S not def{hitely recognizable

ndees.not seem to be ‘a band on the recent exposures.
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resolved and the band stfﬁcture is very similar to the region 3766 to
3830 A. ~ : S

The bands of the third group (3766 to 3830 A) all deg‘:&ade'to red,
and--except for the regions near the'band heade--ere quite‘well resol-
‘_ved in second order. This groupfhas dlso been photegraphed 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
very much like a e 13 transition.

On the basie of the activity‘experiments deseribed invsection
V/a and the general appearance of the spectrum, the bands of both
grgups are assigned to diatomic magnesium oxlde, although some con-
tribution from-Mg= specles to the 372@ A region is possible at the
arc temperature. The most probable reason for the complexity of this
region 1s the overlapping of bands with different dlrections of degra-
dation.

The two weaker groups of oXiae bands have not been'studied'in-

detail.,
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VIII. SUMMARY AND SUGGESTION FOR FURTHER WORK

The near-ultraviolet spectfum has been producedeith the King
furnace and a vacuum ar'co ‘It has been shown that the complex spectrum
observed in the region 3600 to 4000 A is due to overlappiﬁg MgOH and
MgO0 bénds. These formulae have beenIVerified by considerations of mass
action law and of isotope shift. The prominent features:of the MgCH
and MgOD spectrum are listed. The rotational lines in the region 3766
to 3820 A of the oxide bands'have been éccufately meaéufed for possible
analysis; |

In cbnnection with magresium oxide there are still many unsolved
problems. To mention just a few: The ground state of the molecule is
still ambigdbus. The &iSsoCiation-energy_is not known. Observation of
triplet-singlet transitions or perturbations night settle the first
problem. By extending the regioné of the known transitions to higher
vibrational and rotational levels or to higher-lying newvelectronic
transitions the second Questionféould be answered. In ﬁﬁg{péét, spec-~
fraliintensities of the ultraviolet bands haVve been stuaied as a fﬁnc-
tioﬁ of the ﬁemperature, but the oxide and hydroxide sﬁéétravhéve not
beeﬁ;éarefully;separated. These experiments should be fepeated, with
eacﬁ?éjsiem,produced gseparately to obtain the heat of vaporization by
the;ﬁi; plot method. The King furnace, howevef, is not a well suited
sourcé for these experiments. In case of MgOH the equiiibrium is not
maintained, as has beeh demonstrated above, and in case of the oxide
bands'Serious problems are presented by the narrow temperature range
available for producing thehspeétrum, the low oxide vapor pressure due

to the reducing atmosphere, the presence of the dust and by the over-



lapplng of the hydroxide féatures. The.analysis of the near;uitrav1olet
oxide and hydroxlde bands looks quite difficult, but certainly Would be

of great Value. The study of the near-ultraviolet sPectra produced

by a hollow cathode or by micrcwave exc1tat10n shguld be very useful .i

because ﬁhe.rbtational excitation in these gources is very low compared

with the arc.
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| AFPENDIX A

1. The Thermodynamic Stability of MgO(g)

The vapor pressure of Mgo(g) can be calculated at any temperature
by_considering the equilibrium |
o(s) = Mgo(g), K_ = .
The free—energy functions for the speciés involved have been tabula-

ted.23

- Depending on whether we consider the lZ or 3Z'ground state of
gaseous Mg0O, the value of the free-energy function at 2300 °k is 60.78
or 62. 96 respectivelyo For the heat of vaporlzatlon of Mg0O a value
of 153+3" kcal/hol has been obtalned by Altman and Searcy 24 at 0 K by
the transplratlon method, assuming Z ground state. Thls‘correspbnds:
to 154 keal/mol at 298°k. If the ground state were 32, their value
would have to be.increaséd'By_hQ3.kcal/h@l, For the‘diséociation
energy 0f MgQ an.ﬁpﬁef limit of 90 kcal/hol hés been obtained Ey

25

Inghram, Chupka, and Berkowitz, ~ applying mass-spectroscopic techniques.

Birge-Sponer’extrapolation for»the lE state yields a dissociation

energy of 85 kcal/mol, 2k, 26 . The higher values of dlssoc1at10n energies

27,28,29 or King-

obtalned by other investigauors by flame techniques
furnace'excitation7 can be :discounted because of the d;stufbing in-
fluence of MgOH. By forming the appropriate thermodyﬁamic cycle one

" ean obtaln the relatlonshlp

f’298(Mg0 s) + o 298(Mgo) + D298(Mgo) - E

= Aﬂv 298(Mg)~*.l/2D298(02):
where AH?,eQS’HAEv;gggy“and Dé98 are:thelheat of formation, heat of

vaporization, and dissociation energy at 298°K and E is the energy of
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excitation of the state to which D298(Mg0) refers. Takihg

AHf,-ags(MgO,g) = -143.7 kcal/hpl,3’

‘AHV,298(Mg) = 3?.6 kcél/mol,3l and

Dooa(0p) = '115.1'kca1/mol,32 )
we have

AHV’298(MgO) = 238.9 - D298(Mg0) + E.

Assuming 1z ground state, one has Aﬁv,298(MgO)”= 152.9 kcal/mol, which
is in close  agreement with the value of 154 obtained by Altmen and

- Searcy. 7

From the‘kmo frée-energy-values and heat of vaporigzation of

" 152.9 and 157.2 kcal/hol, one obtains the fo;lowing‘vapor pressures for

Mgo(g) at 2300°K.

»-AHV,298(MgO) . Ground state PMgogg).
: , 1. L -5.48
3 10
152.9 keal/mol
e 35 10°5-90
1 ~5.89
b> 1072°°
157.2 keal/mol _ , s
35 | 10 5.41

The Vapqr pressure of Mg(g) at 23OOQK has been found by similar

calculation as

by considering the equilibria ‘ ‘

Mg0(s) = Mg(g) + 1/20,(g) and 1/20,(g) = (g)-

The free-energy functions have beeﬁvtaken from Reference 23. , v
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 gg MgOH(g)

"The'vapor pressure of Mgoﬁ has been calcuiaﬁed'from the equili-
brium: - : C | |
Mgo(s). + 1/2 H,(g) = MgOH(g)

At 23009K,'using‘tabulated free-énergy funcfiéns and enthalpie§%3one
obtains . .
" Bugon = /P, * 207
The uncerﬁainty includeé only.that of the hgat of formation of MgOCH.
The free-energy functioﬁ for MgOH, has beén caiculétéd by assuming the
vibrational frequencies, internéélear diétancgs; bond angle, and
maltiplicity of the ground state.

V‘I'his result indicates that at hydrogen.pressures above 1 atm

the MgOH species are ag important in the vapor at Mg(g)»at‘this

temperature.
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APPENDIX B -

Adel has derived‘formulae for the vibrational isotope effect in
unsymmetrical linear and nonlinear m.o‘lecules.33’3h For the later
case he assumed small mass differences, therefore his fesult is not
. applicable for the hydrogen-deuterium shift. - Wilson gives equations
fdr the normal modes of.vibratibn of an asymmetric nonlinear triatom-
iclmolecules.35

In any casé, in order to calculate vibrationgl isotope shift,
all force constants and internuclear distances have to be khown. 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 is:not @ngme
:‘;ifhout having the rotational analysis, and it wo@ld be very tedious
even ih that case. o

The three normal modes of vibration and the fhree principal
momenté 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 thrée_principal'moménts of inertia

hO, IpeI,~T70x lO—uO g cm®. The molecule can be

as I, ® 10~
treated therefore as prblate asymmetric top. The two larger moments
of inertia are not appreciébly affected by a hydrogen-deuterium

exchange.
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