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PREFACE 

This report describes work on laser window technology performed 

during the period from May 20,  1974 to November 20,  1974 on Contract 

DAAH01-74-C-0719.    Participating in the research of this report were 

J.  Grenda, O. Guentert, W.  Tye, T.  Yaritimos, and C.  Willingham.    This 

report has an internal number of S-l /90. 
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1. TECHNICAL REPOIII- SCMMAR\ 

A.    Program Objectives 

In recent years laser window technology has developed rapidly to the 

point where few frontiers remain.    The primary candidate materials are well- 

established.    Techniques for hardening the softer materials and fabricating 

suitably large sizes are already highly developed and optical surface prepara- 

tion and characterization studies are underway at a number of laboratories. 

The one inescapable obstacle which remsms to be overcome before 

the laser window "problem" can be said to be solved lies in the area of coatings 

ai.d films.    In a high power laser system very little back-reflection from the 

window surfaces can be tolerated; thus, with the exception of those few solu- 

tions in which a Brewster angle window is appropriate, the window surfaces 

will have to be coated for minimum reflection (i.e. , AR (anti-reflection) coated). 

In addition, because of the hygroscopicity of potassium chloride, 

protective,  "waterproof" coatings are required for physical survival even if 

a Brewster configuration is possible.    Of course, optical coating technology 

is not new to the laser industry; however, the requirements of the high power 

laser systems put much more severe restrictions on the characteristics of 

the films.    In particular, the optical absorption must be as low as possible and 

the mechanical (and hence, thermal) contact to the window substrate as com- 

plete as possible. 

The primary objective of this research program is to develop new experi- 

mental techniques and extend the existing approaches for the characterization of 

the optical and mechanical properties of the thin films of interest for infrared 

laser window applications.    Additional considerption will be given to further in- 

vestigation into the nature of the 10. 6wm absorption band characteristic of the 

available potassium chloride materials, a search for low optical absorption 

liquids for possible use as window coolants and an evaluation of polishing tech- 

niques used for the preparation of the barium fluoride (BaF„) and zinc selenide 

(ZnSe) windows to be used as substrates for the experimental films. 
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B.    Major Accomplishments 

A literature search on adhesion ol thin films to their substrates has 

been conducted and a literature search for low loss liquid coolants in the 

3 - 5 ^m and 10. 6 jjm range has shown that relative sp< ctral windows may exist 

at the deuterium fluoride, carbon monoxide and carbon dioxide laser frequencies, 

but the very low losses required for high power window coolants are not reported. 

BaF2 and ZnSe substrate material in the form of A^R (Attenuated Total 

Reflection)* plates have been ordered and received.    The Suostrate material 

has been characterized, with data including micrographs and internal reflection 

spectra of each  ATR  plate.    Internal reflection spectra have been taken of exist- 

ing BaF9  ATR  plates coated on half their surface with arsenic trisulfide( As2S3). 

Calorimetric measurements were made of the existing BaF2  ATR  plates, com- 

paring the coated and uncoated sides at both 5.2 5 ^m and 10.6fim. 

The feasibility of coupling polychromatic light into a thin film via prism 

coupling for the purpose of measuring the absorption coefficient vs wavelength of 

the film was undertaken and the appropriate apparatus fabricated.    Extremely 

good surfaces are required to couple light into the film.   Surface scattering atten- 

uates the light beam and thus only relat.vely higher absorbing films can be investi- 

gated with ß ■   1 cm"    and larger. 

Different methods for measuring thin film adhesion were also investigated. 

We are now testing the direct pull method and the pull tab method.   Test jigs 

have been fabricated to test these approaches.    The results of these experiments 

are reported in the text. 

C.    Conclusions 

The first half of this contract was spent in ordering appropriate materials 

and fabricating equipi itnt, and investigating different techniques in the measure- 

5   Attenuated Total Reflection (ATR), discussed later in this report, is reflection 
which occurs when an absorbing coupling mechanism acts in the process of 
total internal reflection .o make the reflectance less than unity. 

Mm 



n.ent of optical film parameters.    Conclusions derived from these experiments 

are as follows:   The literature search invesl gation of liquid coolants for high- 

power laser windows in the infrared identified no promising liquids.    Previous 

experimentation had not been concerned with very low absorption coefficients 

required for high power windows. 

Internal reflection spectroscopy. while a valuable tool Ln the mea- 

curement of spectral absorption in thin films,  is not sensitive enough to 

measure the spectral absorption of low loss films.    However,  it must still 

be u>ed in preliminary tests of film absorption because of its convenience 

in detecting gross absorptions of film impurities. 

The integrated optic coupling technique has run into a number of prob- 

lems associated with the quality of the materials.    Further efforts in this area 

will have to be given serious consideration. 

Calorimetry. even though limited to the laser wavelengths, still appears 

to be ^he best method o' measuring low loss absorbing films.    Work with thin 

substr.te^ will improve the sensitivity of the calorimetric technique.    While we 

will try to imorove the other approaches, the calorimetric measurement will be 

our mainstay in future work. 

Adhesion tests on thin films have displayed the same reproducibility 

problems encountered by other experimenters.   It seems that improvement on 

existing techniques is probably not the answer and that a completely new approach 

will have to be devised.    Initial assessment of the scrnning electron beam micro- 

scope in conjunction with a fine diamond loading tool shows promise in determin- 

ing the film hardness. 

V 

... 



II. ACCOMPLISHMENTS AND TECHNICAL DISCUSSION 

A.    Literature Search 

A series of literature searches were conducted on topics such as 

techniques for measuring the adhesion of thin films, optical absorption in 

thin films, and low-loss liquid coolants in the 3 to Spin and 10.6/um range. 

In general, many methods have been devised to measure the adhesion 

of thin films to substrate material.    As many workers in the field have found, 

reproducibility in the measurements is the problem.    Virtually all the physical 

contact methods to pull the film off the substrate affect the adhesion of the film 

due to stress and chemical reaction of the adhering epoxy.    Interpretation and 

comparison of other methods can be very difficult. 

The important quality that affects the adhesion is the surface energy, 

i. e. , the bonding energy between the substrate and film per unit area.    Ideally, 

this energy can be measured by peeling off the film ir a certain way and meas- 

uring the required pulling force.    However, this method is also fraught with 

many experimental difficulties.    No ideal method has been found. 

No new low-loss liquid coolant in the Spm to S/um and 10. 6|um range have 

been identified.    While there are many liquids which have apparent regions of 

lower absorption near 3.8/um,  5.3Mm, and 10.6/um, no measurements are re- 

ported which give absorption coefficient (ß) in the 10" cm"    and lower range. 

Most of these measurements would yet have to be made on the innumerable 

organic liquids.    In general, we do not recommend that such additional meas- 

urements be made.   All the organic liquids have vibrational frequencies which 

are comparable to and many times higher than the laser frequencies.    We 

therefore do not have the favorable situation that exists in good laser window 

crystals where the optical vibrational frequencies are much lower than the con- 

templated laser frequencies.    The results of the literature search on low-loss 

liquid coolants are in Appendix A. 
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R.  Materials 

1.    Substrate 

Harrick Scientific was selected, on the basis of their experience and 

past performance, to fabricate the BaF, and ZnSe  ATh  plates.   These plates 

have now been received.    The polycrystalline ZnSe was grown by Raytheon by 

chemical vapor deposition (CVD).   Only single crystal material of BaF2 is 

presemly available.    Single crystal samples of BaF2 with both (100) and (111) 

orientation have been obtained. 

Films 

Nine suppliers in the infrared optkal coating industry were contacted 

w<th respect to the deposition of nine different possible thin film   naterials. 

Based on these discussions, three well-known suppliers with direct experience 

in the deposition of the desired materials were selected for the first buy — OCLI, 

Perkin Flrner and Broomer Research Corporation. 

The four materials selected (ThF., ZnSe, ZnS and ASjSg) were chosen 

because of their currently recognized utility in low-loss, high-power window 

coatings:   Figures 1 , 2, 3, and 4 are typical optical transmission curves of the 

four materials.    The bulk values of the absorption coefficient and index of re- 

fraction at 5.2Dwm and 10. 6^m for these materials are shown in Table I.    ThF4 

is universally used as the low index material in multilayer coatings; ZnSe and 

ZnS are rapidly becoming the "standard" high index materials; while As2S3 

appears to be the leading candidate for the protection of thp hygroscopic halide 

materials.    The initial order inclnded two coatings of the ThF4, As2S0 and 

ZnSe on BaF- substrates and two coatings of ZnS, ThF4, and AfjSg on ZnSe 

substrates from each of the three suppliers - a total of 36 samples in all.    Each 

ATR plate will be coated on only half the surface so that a surface/ substrate 

reference spectrum can be made.    A realistic film thickness of \/ 2 at 5/um has 

been chosen. 
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BULK 11 

■   10.6ym 

ß(cm"1) 

TABLE I 

RAMETERS 

5M m 

ATERIAL PA 

\ 5.2 

n ß (cm    ) n 

ZnSe .001 - .005 2.4 3 x 10"4 - 10'3 2.42 

ZnS . 15 2.217 < 0. 1 2.249 

ThF4 

As2S3 
.01   - 1.0 

1.5 

2.38 5x 10'3 2.4 

BaP^ .15 - .10 1.42 <3 X 10"5 - 3 x 10 
-3 1.449 

2 
. 7 4.1 x 10'5 - 1.2 x 10' 

-4 1.44 

ZnSe polycrystr'line (CVD) 

Note :   Value of bulk absorption varies with methods of sample fabrication. 
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C.   Optical Characterization of Thin Films 

1.    Introduction 

As is the case with the window materials, the precise value of the 

optical absorption coefficient is of critical importance to the survivabilily 

and overall performance of high-power anti-reflection or protective coat- 

ings.    Not only must these films be of high quality fron, a .nechanical and 

thermal viewpoint, the optical absorption must be as low as possible.    It 

appears, however, that the absorption of thin films always exceeds that of 

bulk samples of the same material.    One possible explanation is that rmor- 

phous films are more absorbing in the infrared because of smeared out 

multiphonon absorption bands.    Another, simpler reason would be the presence 

of impurities or scattering centers in the evaporated film. 

Previous investigations of costings have generally consisted of single- 

frequency calorimetric loss measurements, which are of little diagnostic use. 

Optical absorption must be examined over a broad wavelength range to provide 

information for film diagnostics.    Therefore, the internal reflection spectro- 

scopy technique we have used to study optical surface absorption is being used 

10 investigate the infrared absorption of coatings as a function of wavelength. 

Internal reflection elements are coated for half their width, the infrared trans- 

mission of the coated and uncoated halves can then He examined by masking the 

appropriate portion of the plate.    This technique should reveal the presence of 

impurity bands and other gross changes in the i.nfrared absorption spectrum. 

Such studies will be aimed at elucidating the difference oetween the infrared 

properties of bulk and thin film material. 

Infrared absorption can also be determined by using integrated optics 

coupling techniques,  such as prism couplers, to measure transmission as a 

function of length for a deposited film.    Such ar approach would relax the 

limited size and shape requirements associated with the internal reflection 

method, and permit the nondestructive in situ evaluation of coated windows 

independent of their physical configuration.    In addition, the diagnostic beam 

of light would be contained largely within the film layer itself rather than 

11 
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penetrating via an evanescent wave from one side, thus enhancing the inter- 

action.    The surface quality and film thickness requirements for high-power 

laser window applications are comparable with those demanded by integrated 

optics technology. 

2.    Internal reflection spect.rosf opy 

a. Introduction 

Internal reflection spectroscopy, IRS, is a technique to monitor the 

optical properties of a material by placing it in contact with a material through 

which a light bea n is propagating while undergoing multiple internal reflections. 

Figure 5 shows one of many geometries used as reflection elements in IRS. 

Since the light penetrates a short distance into any material in contact with the 

intemal reflection element and can be absorbed by it. the transmission of the 

element is determined both by its bulk absorption and by the optical properties 

of any material in contact with the surface.    The theory and the techniques of 

IRS are described in detail in the excellent book by Harrick.      Internal reflec- 

tion spectroscopy has been used successfully by other investigators    to study 

surface absorption. 

b. Experimental 

Internal reflection spectra were obtained using the Harrick ATR plate 

adaptor attachment in a Perkin Elmer Model 4 57 infrared spectrometer. 

Figure 6 shows a schematic diagram of this attachment.    For our purpose, the 

sample holder has been modified so that light passes through only half of the 

sample.    This was done in order to compare the coated and uncoated halves. 

The ATR plates are 52.5 mm long. 20 mm wide, and 2 mm thick    (Fig.  7). 

One-half the sample (52. 5mm x 10 mm) is coated with the desired films. 

Angle 9 (Fig.  5) was chosen so that light entering the beveled surface will be 

totally internally reflected.    The ATR plates have been received and character- 

ized as described below. 

3.    Substrate characterization 

Micrographs of both ZnSe and BaF2 samples were taken with dark field 

12 
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Fig.   5      Internal Reflecf.on Plate. 
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rig.  6     Schematic Diagram of Harrick Scientific 
Horizontal Single Pass Attachment (HSPA). 
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Fig.   7    ATR Plate with Coating. 
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wmm 

illumination with a magnification of   382 X.    Figures 8 and 9 are typical 

surfaces of ZnSe and BaF2 respectively (polished by darnck).    Spectra of 

the ZnSe and B*Y2 ATR plates were made via internal reflection spectro- 

scopy. Figures 10 and 11 are typical spectral runs 

-1 
The broad absorption band centered at 33 50 cm"    is attributed to 

water.2 and the sharper structure at 2915 and 2845 cm"   . to C-H stretch 

vibrations from solvents used in preparing the plates.'    The absorption at 

1540 cm"1 band could correspond to a C =  C double bond stretching vibra- 

tion.4 while the one at 1460 cm"1 could correspond to a    C^   bond bending 

vibration.5 sometimes referred to as a CH,^ or CHg deformation band. 

Reductions of these absorption bands can be accomplished with tech- 

niques used by T.  F.  Deutsch and R.  I.  Rudko.3   Some of the methods include 

chemical cleaning, vacuum baking, and plasma cleaning. 

Because of lengthy delays in the receipt of our samples, the tests 

described here have not yet been performed on coated samples. 

4.    IRS spectra of BaFj ATR plates coated with As^ 

Because of the delay in receipt of the BaFj and ZnSe ATR plaUs. we 

decided to have three existing BaI-\, ATR plates coated with films of As^. 
Films of   l/4\.  1/2X. and U at 5^m thick were denosited by Broomer 

Research Lab.    Initial work has begun using these samples.    Transmission 

spectra show no absorption other than the expected intrinsic absorption of the 

BaF9. 

Internal reflection spectroscopy of these coatings did show a difference 

between the coated and uncoated surfaces (Fig.   12).    Both the uncoated and 

coated half of the BaFj ATR plates show the absorption bands im ntioned in 

Sec.  3. bat the coated half of the sample shows a reduction in the intensities 

Of these absorption bands.    This is probably due to a cleansing action which 

occurs during the deposition of the film. 

16 

/ 

s,--' 

mm^^m 







*J 

ttNViiWSNVMi 

19 

/ 

B 
a 
•- 
u 

£. 
r. 

- 
< 
0 
in 

n 

c 

o 

c 

ST 

»v^- 

^^■a 



mm mm^ 

E 

O u 

< 

o 

o 
o 

o 
Z 

CM 

pq 

■ i-t 

I    I 33N"UOTSN»Hi 

20 

\ 
I 

^mm 



a 
u 
o 

I 
■r. 

h 

.a E 
H '~ 
c «o 

3) OJ 
^ > 
(M   3 
—. O 

h 
«a 

en ^ 
03     . 

£ I 

ii 
i 

a 

o U 

CO   H-i 

cc3 

1-1 

M 

1 f 

21 

f 
/ 

s._- 



The other differences in the absorption spectra occur near 1070 cm     . 

We believe this is a direct result of the absorption in ASgS^ film,   ,ince all the 

data taken on the three plates exhibit this absorption.    There was no other 

noticeable change in the spectra between ?> /um and 5^m. 

Figure 13 shows the bulk transmission spectra of As-Sg and BaF,, 

samples both 4 mm thick.    From these two transmission curves we can 

construct the combined transmission curve (Fig.   14) for substrate and film. 

In this construction we shall neglect the effect of Fresnel reflections.    The 

transmission spectra of the BaF- substrate of 4 mm thickness is already 

given in Fig.   13. and it will be denoted as T-.    The transmission spectra 

of the bulk As9S,, sample has to be corrected for the film thickness.    If we 

denote the bulk thickness as  L     and the film thickness as  Lp,  and if we 

furthermore denote the transmission of the As0S^ bulk piece as T^, then 

the combined transmission is 

T =    T    * T comb'ned 1        2 
-F/LB t (1) 

As expected,  this calculation showj that film absorption has little influence on 

the transmission curve of the substrate material.    This type of testing 

appears to show only gross absorption changes and these would have to be due 

to contaminants.    In the ATR approach the light beam travels many times 

through the substrate and into the film.    The sensitivity of the ATR approach 

could be enhanced by modifying the ATR plate adaptor by routing the reference 

beam through the uncoated half of the sample simultaneously as the signal is 

passed through the coated half.    This would cancel out the effect of the substrate 

material, making the film absorption more predominant.    This method will be 

investigated. 

5.    Integrated optic coupling technique 

a.    Introduction 

Integrated optic coupling techniques have been used to measure losses in 

thin films6,7 at single frequencies.    Our approach was to use prism coupling 
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of polychromatic light into thin films to measure transmission as a function of 

wavelength.    This approach,  if possible, would make absorption   spectra of 

standard coated windows and mirrors feasible, 

fabricated substrates would not be required. 

Furthermore,  specially 

b.    Experimental 

The method described above has been implemented using a HeNe laser 

(Fig.   15); we have run into a number of problems in our initial tests.    The BaFg 

substrates coated with As0S? are of poor quality.    Our attempt to propagate 

light in these films has been unsuccessful due to the immense scattering which 

occurs due to the poor surface quality of the substrate material.    Highly polished 

substrate material will have to be obtained if coupling la to be attained. 

We have looked for a new infrared, broadband point source to be used 

with this scheme.    Past experimenters working in the infrared have used tradi- 

tional sources such as a globar or a Ner   st glower, etc.    Since one of the re- 

quirements for our source is that it be a point source, these traditional methods 

were unusable.    Because we are trying to couple incoherent light into a thin film 

for the purpose of measuring the film' s spectral absorption, a point source is 

necessary to focus this light to a compatible spot size for coupling (integrated 

optic prism coupling).    We are experimenting with a miniature,  indirectly heated 

alumina source.    A  CW YA103 laser is focused on the end of an alumina rod 
(Fig.   16).    The alumina had been brought up to a temperature of 2200°('.    Spectral 

analysis of this sourc- shows the radiation from this source exhibits the charac- 

teristics of a black body emitter (Fig.   17).    The size of the source is controlled 

by the diameter of the alumina rod and the focusing optics.    Tests to see if this 

source can be coupled into a film have not been made due to the difficulties en- 

countered with standard integrated optic coupling methods using a laser source. 

Serious consideration will have to be given to this approach if it is to be pursued. 

6.    Calorimetry 

a.    Introduction 

Since no obvious absorption in the 'Sum to 5ym range could bJ detected 
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using internal reflection spectroscopy, ealorimetric techniques were used 

to measure the absorption of the ASnS, films on the BaF«  ATR  plates.    These 

techniques can determine the infrared absorption of a low-loss material by 

measuring the temperature rise of a sample after a given amount of laser 

energy has passed through it.    This method was used to measure the absorp- 

tion coefficient of the substrate and the substrate/ film combination. 

b.    Theory 

Most measurements of film absorption are made by measuring the sub- 

strate material and then the film/ substrate combination; the- difference is given 

as a percentage increase in the absorption.    However, this interpretation is 

oversimplified since the film changes the surface reflection and thus the power 

incident on the substrate.    What is really needed is the absolute value of the 

absorption coefficient of the film.    To obtain this, the 3 (absorption coefficient) 

of the substrate must first be known. 

The power absorbed by a substrate of thickness  ( , and absorption 

coefficient 3 when |3 i   is small is 

P .        ,    ,     =    P-     • -    (1 - e"3 ( ) . (2) absorbed inside 

For 3 (   <<   1, this equation becomes 

absorbed        * inside . (3) 

Figure 18 shows the calculation of P.     . .    (the power inside the sample).    If the 

transmitted power and the index of refraction of the sample are known, we can 

determine the two components of power,  i. e. , a wave traveling toward the exit 

surface and a reflected wave, whose sum La the total power in the sample. 

Substituting the result from Fig.   18 into Eq (3) gives 

absorbed'   *'  P.ran   ' T^l'   "   "'   f.ran^        ' (4) 

or p 
1        absorbed          ,   2n    , *-% 
—    p     v jy ; . \Vi 

transmitted l+n" 
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p 
Trans 
l-R 

RPTran8 
l-R 

^ Pi Transmitted 

R      .   = R. * 
(l+R) D-/n-l 

Inside      Trans       (l-R) 
R={—.) 

P        .p xfDJth 
Inside       Trans       \ 2n   ' 

Fip.   18     Calculation of Power Inside Sample. 
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Again, this equation for the absorption coefficient, ß, assumes 3 f  « 1. 

To determine the usefulness of this assumption, the exact equation for the 

absorption coefficient was calculated 

3    1  fn('
2n)<,P^/,r»»°H1> .../M^^-I8)   <e) 

(n+l)2 V 2n(T5äS£.+ l) 
tran 

This equation is plotted in Fig.   19 together with the approximate Eq.  (5); for an 

index of refraction of 1.40 the two equations deviate about five percent for ß( -- 0. 1, 

Thus for 3 r < 0. 1, the approximate equation can be used and for 3 i greater than 

0. 1 the exact equation should be used.    Both of these equations -re independent 

of the coherence of the infrared beam ?nd the possibility of interference fringes 

because the absorption coefficient is determined from the transmitted power and 

the reflectivity of the rear surface of the sample.    The incident power can only 

be used to calculate the power inside the sample if the IR beam is incoherent. 

If it is coherent, resonance effects can change the ratio of Pinside 
t0 incident 

making it difficult to do the calculation.    Therefore, our experimental apparatus 

is set up to measure transmitted powor. 

Once the 3    for the substrate is known, one can calculate the (3p) absorp- 

tion coefficient of the film. 

In the following, we want to derive the formulas necessary to evaluate 

the absorption of the surface film from calorimetric measurements.   As shown 

in conjunction with Fig.   18, the absorbed laser power in a simple uncoated slab 

of material is given in terms of the absorption coefficient 3S of the substrate, 

the thickness of the substrate L  . the reflection coefficient of the surface Rs by 
a 

1+R- 
Pabs =  ^sH;   T^RV    Ptrans 

(7) 

We can conveniently generalize this equation to cover the absorption both 

in the substrate and in the film if we orient the sample such that the film is at the 

exi^side of the laser beam.    The total film acts like a Fabry-Perot reflector of 

as yet unknown reflectivity Rp.    Thus. Eq.  (8) gives the absorption in the sub- 

strate if we replace Rg by the film reflectivity RF 

V. 
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i+R, 
P .     (substrate)   =    ß.L     ■   D      P+  „„„ abs s   s   1-R..      trans 

(8) 

We can also use Eq.   (7) to calculate the power absorbed in the film by interpret- 

ing R    as the reflectivity at the air-film interface Rp*.    We must also change 

ß    to the absorption coefiicient of the film ß- and the length L   to the film thick- s ^ F s 
ness A L^.    Thus , r 

1+R 
PabS

(Film)   =    0FALF   T^R- 
FA 

FA trans (9) 

(9) 

The total absorption in substrate and film follows h]  adding Eqs.  (8) and 

P
ahs 1+RF 1+RFA 

trans F FA 
(10) 

By noting that 

R FA 

nF-l\   2 
(ID 

where li_ is index of refraction of the film, w r obtain 

abs 

trans 

l+R^ n^    + 1 
ß   L       T-V^    +   ß^AL     -i  s   s     1-R^ F       s      2nT, 

(12) 

We now define an effective ß    including substrate and film by the equation 
s 

P    K                            - IV2 +   1 
aba -   3 T F  

71 '   ^s1 s 2nv trans F 
(13) 

Equating Eqs.   (12) and (13) gives 

T       r 
0, ^r: s      s 

(14) 
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Equation (14) is the basis for determining 3F from measurements, 

essence ßs is determined by measuring the absorbed power in the uncoated 

substrate and using Eq.   (7) with 

/ n   -1   \ 
2 

s R
s -   rm a 

(15) 

I 

Furthermore, ß    is determined from Eq.   (13) with measurements carried out on 

the coated sample.    The quantity R,.  is being measured by monitoring the trans- 

mission of light through the sample.    The necessary equations for this measure- 

ment are derived m the following.    In Fig.  20 we show light of intensity  P0 fallmg 

on the uncoated side of the substrate.    The light transmitted into the substrate is 

(1-R  ) P       Upon the first reflection from the film, the amoun^ of light trans- 

mitted is0given by   (1-RJ U'V P0.    We can add up all transmitted light waves 

after bouncing back and forth in the substrate neglecting the phase factors (because 

of the large thickness) to give 

^trans    __    (i .Rs)(l-RF) (1+RT.RS + R/ Rs    +•••) 
T o 

(1-RB)(1-RF) (16) 

" 1-RsRF 

By defining a transmissivity T through 

Ptrans T ^ 

o 

we obtain from Eqs.  (15) and (16) 

1-VT (18) 
R
F ■ r^7TRs 

Experimentally we measure T  and using Rs from Eq.  (15) we obtain Rp. 

Thus, all factors are in hand to determine ßF in Eq.  (14). 
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c.    Experimental apparatus 

Figure 21 shows a schematic view of the entire system, while Fig.  22 

shows a diagram of the calorimeter chamber.    The calorimeter chamber is 

rectangular with a one-inch thick plexiglas cover.    The outside dimensions of 

the chamber, which is made of 1/2 in. thick aluminum,  are approximately 

13 X 14 X 25 In.    An optical rail is mounted within the chamber and the various 

components, such as irises,  sample mounts,  and the power cone are mounted 

on optical carriers with adjustable x -y motion;, permitting ready removal of 

alignment of any component.    The chamber vacuum is evacuated by three 50 cfm 

pumps. 

As shown in Fig.  21, a He-Ne alignment laser has been permanently 

incorporated into the system; a flip mirror allows the beam to be directed ?.long 

the same axis as the measurement lasers.    Preliminary sample alignment is 

performed using the visible laser, and the final alignment is checked using burn 

spots made by the infrared lasers. 

A sealed CO, läse   , designed for single-mode operation and producing 

about 20W, was installed.    The sealed CO laser uses a dry-ice and methanol 

cooling system and is capable of producing 20W of multimode power. 

Either the CO or the CO« laser beam can be directed into the chamber 

by using a flip mirror; this allows the same sample to be measured at both wave- 

lengths without removing it from the chamber.    As the CO laser can operate on 

a number of transitions J-, 'he S/um region, a 0. 5 m grating monochromator was 

incorporated into the i.easurement system to allow frequen1 wavelength checks. 

A Aw.Ge detector cooled with liquid nitrogen, a tuning fork chopper, and a lock- 

in amplifier comprise the detection system. 

As we did not know how much the spectral output of the CO laser would 

vary with time, a number of measurements of the output spectrum were taken. 

Figure 23 shows the spectra obtained when the output was examined on several 

successive days     The center of gravity of the output spectrum is relatively con- 

stant and is estimated to be 5. 2Sum.    This number is used below as the nominal 

wavelength of the CO laser. 
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Fig. 23     Spectral Output of the CO Laser on Three Successive Days. 

39 

I s._ J 



An 18-inch focal-length KC1 lens is used to focus the beam into the 

sample.    Reflections from the faces of the sample are directed onto a 

polished iris which is angled at 45° to the main beam and reflected onto 

the blackened chamber walls.    The sample itself is mounted by three or 

four nylon screws within a 3-inch-diameter piece of aluminum tubing, the 

ends of which are closed off by irises.    This prevents stray radiation which 

is not on the beam axis from reaching the sample thermocouple; the latter is 

further covered by a small piece of aluminum foil to reduce any direct absorp- 

tion of stray radiation. 

The power cone was designed to avoid possible reflections from the 

tip and to reduce the power density on the cone.    Figure 24 shows the design, 

which reduces the power density by using a sharply cut (15°) wedge pressed 

into a separate outer piece; any reflections that do occur will not return along 

the incident beam.    The thermocouple is clamped inside the aluminum block 

as shown, assuring good thermal contact and minimizing rhe turn on/turn off 

transients which can make the power cone temperature versus time curves 

hard to interpret.    The cone was checked against the readings given by a 

CRL power meter at the same location within the chamber and the two tech- 

niques were found to agree to better than 5 percent. 

A Keithley Model 148 nanovoltmeter is used to measure the output of the 

copper-constantan sample thermoucouples.    The noise and drift of this instrument 

was less than 10      volts during the run, well below the 10      volt sample signals 

encountered with very low loss samples. 

d.    Results 

BaF9  ATR  plate No.  4 coated on one side with 1/ 4\ at 5/um of As.S. was 

measured at 5.25/im.    The calorimetric measurements of the uncoated side of 

the BaF9 ATR plate are necessary because the abosrption coefficient Ö    of the 

substrate is needed in order to calculate the absorption coefficient of the film 

(ß-).    Figure 25 shows the sample temperature rise in microvolts at 5.25)um. 
r 

The data taken from the curves have been corrected for both the initial transient 

response of the sample and possible error due to drifting.   From these curves 

we can determine the temperature rise AT and hence absorption coefficient using 

the calculations in Sec. 4. 

40 

V       ' 



PBN-73-681 

Hole for thermocouple 
1/8" dio x 1" deep 4-40 tap 

5/8' 

Shaded   piece is 5/8" nominal  dia , cut  at 
15°, sand blasted , and   pressed    into outer 
piece - outer surface   polished 

Fig.    24    Diagram of Aluminum Power Cone. 
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The experirrental absorption coefficient ßs for BaF2 No. 4 uncoated was 

7 35 x lO^cm'1.   The same experiment was made on the coated side of the 

sample.   The results of this experiment produced combined absorption coefficxent 
ß    of 1  47xl0"3cm"1.   With the results of these two experiments and trans- 

mission data made on the film/ substrate, one can calculate an absorption coef- 

ficient 0-.) of the film (using Eq.  (14)) of 1.617cm     . 

(16 
PF 

L       =    substrate thickness 
s 

AL 

n, 

film thickness 

index of the film 

The results of calorimetric measurements at both 10. Gpm and 5.25^ 

are summarized in Table II.   Obviously at 10. 6Mm we cannot measure the absorp- 

tion with any reliability with the present specimens.    The problem is this:   The 

bulk substrate absorbs approximately one thousand times as much laser energy 

as the film.   We therefore have to ietermine the absorbed power with an accuracy 

of 0.01 percent in order to get meaningful answers.   This accuracy is not achieved 

in our present calorimetric setup.    If we want to get an ansv -' we would nave to 

thin down the BaF- substrate by at least a factor of ten.   In any case, the strongly 

absorbing substrate of BaF2 is not suitable for high power windows at 10. ^m. 

Measurements on a ZnSe substrate show a very low loss at 10. fym 

(> l0"3cm'1) and no such difficulties are expected. 

D.   Mechanical and Physiochemical Properties of Thin Films 

1.    Introduction 

At present, the mechanical properties of optical coatings are evaluated 

by relatively crude methods such as scotch tape and eraser rub tests for film 

adherence.   While these tests are economical and simple, they are not well 

defined techniques capable of ready comparison between i^oratories.   We are 

investigating the ways of characterizing mechanical and physical properties of 

optical films with the goal of finding some more quantitative characterization 
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TABLE II 

RESULTS OF CALORIMETRIC EXPERIMENTS FOR FILM OF 

As2S3(ARSENIC TRISULFIDE 

10. 6Mm (C09 Laser) 

Sample      Thickness 

BaF     No.  4 .62^ 

BaF     No.   5       1. IB/a 

Film fl  f-m"1) ß  (cm-1) ßF(cm' ) 
S  " 8 _J  

V 

151 . 170 Neg. Number 

128 .jsg Neg. Number 

5.25pm (CO Laser) 

B.FJN0. 4        .62M 7.35 X,0-
4 ,.47 X^

3 1.6,9 

B.F,   No.  5      ,.,8M 7.55X10-4       2.065X,0-3 2.69 
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tests.    Some of the properties of interest are film adhesion, hardness, re- 

sistance to attack by cleaning liquids and freedom from pinholes and inclusions. 

Some possible characterization techniques include the use of a diamond scribe, 

with known loading, to test scratch resistance in conjunction with a scanning 

electron beam microscope   and the use of an epoxy adhesive bond with a known 

load to measure film adhesion. 

2.    Film adhesion 

The adhesion of coatings on substrate materials is an important physical 

parameter.    A part of this program is to find a technique or improve on a known 

technique for measuring the adhesions of thin films to their substrates.    After 

surveying the literature, we decided to test two methods - the direct pull method 
g 

and the pull tab method. 

a.    Direct pull method 

The first is a direct pull method, by which a glass rod is expoxied to a 

thin film and a measurable force is applied to the rod until the film pulls from 

the substrate (Fig.  26).    After experimenlirg with the adhesive strength of differ- 

ent epoxies, we decided to use Able Bond  660-6,  a liquid which is heat-cured at 

120oC. 

The direct pull method has been tested on Si02 films deposited on BK-7 

glass, Tl/ Au films deposited on BK-7 glass and As?S3 film deposited on BaF2. 

Both ilms of SiOg and Ti/Au on BK-7 glass had adhesion strengths greater than 

7000 lb/ in2  exceeding the tensile strength of the epoxy (Able Bond 660-3).    In 

one experiment a piece of the fused quartz pull-rod was removed.   We were able 

to pull the As2S3 film (1\ at 5 ^un) from the BaF2 substrate with a force of 

397 lb/ in2. 

The problem we face with this type of testing is basically the same which 
8 9 

other experimenters have run into, reproducibility.    '     We are presently trying 

to refine this technique. 
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Measureable 
force 

Pull rod 

Epoxy 

Film 

Substrate 
—•      (held fixed) 

Fig. 26    Film Adhesion Experiment, Direct Pull Method. 
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b.    Pull tab method 

Another method under investigation is the pull tab approach (Fig.  27) 

by which a 1/ 2 in. X 1/ 4 in.    Cr/ Au tab is deposited on a dielectric film.    The 

deposition is done so that only a quarter-inch square actually adheres to the 

film leaving the other quarter-inch square accessible for pulling.   As yet this 

approach has not been successful.    A new method will have to be devised so 

that the tabs are made more durable for pulling.    If successful, this approach 

would be limited to poorly adhering films.    However, the pull tab method most 

readily gives the single quantity that defines adhesion, i.e. . the surface or 

interface energy. 

An excellent article on the physical mechanismB andorlying the various 

pull-off. pull and scratch adhesion tests has been published by K. Kendall. 

3,    Microhardness test 

We started to evaluate the scanning electron b^am microscope to assess 

microhardness of films after indenting them with a fine diamond tool under a 

known load.   We can indeed see clearly indentation of the As^ film when only 

a force of 1 gm is applied to our diamond indenter (Fig. 28a).   Under stronger 

loading (25 gm) the film starts to tear (Fig. 28b) and the substrate eventually 

becomes indented (Fig. 28c). Although these are only initial measurements, the 

technique is promising thus far. and further experiments will be undertaken 

to quantify the results and compare them with "standard eraser rub" or standard 

cheesecloth tests. 
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Measureable 
force 

Pull tab 

=J 
Film 

Substrate 
(held fixed) 

Fig . 2 7    Film Adhesion Experiment. Pull Tab Method. 
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III. FUTURE WORK 

During December we expect to receive the BaF2 and ZnSe ATR  plates 

coated with ZnSe, ZnS, As2S    and ThF4.    Absorption measurements using 

optical and calorimetric techniques will begin as soon as the samples are in 

hand. 

We have recommended to MICOM that we also investigate ATR  plates 

made of SrF2.   This material is currently being cast in our laboratory and it 

appears to be one of the strongest contenders for high-power laser windows 

at 3.8/jm.    If MICOM concurs with this recommendation, we will coat SrF2 

with materials showing the greatest promise for windows in this frequency 

range. 

Our initial measurements on ATR  plates show that it will be difficult 

to determine optical absorption from optical measurements alone.    Calorimetric 

measurements appear to be much more promising.    In order to obtain a reason- 

ably accurate absorption coefficient for the film, very thin, low-absorption sub- 

strates will be used so that the absorption of the film becomes comparable to 

that of the substrate.   The calorimetric measurements will be carried out using 

Raytheon's  CO laser, and, where applicable,  its CO-  laser.    If promising, the 

absorption will also be determined with a DF  laser at Government-iurnished 

facilities,  if available. 

For the mechanical evaluation of films we will con+mue to investigate pull 

and peel tests on surface coatings to determine adhesion.   To evaluate micro- 

hardness, we will use the scanning electron beam microscope to study indenta- 

tions made by a diamond tool into the surface coating alone.    Initial experiments 

show promise for this technique. 

Optimum polishing techniques will be evaluated for BaFg.    We have 

recommended that no further work be done on ZnSe surfaces since both Raytheon 

and other Ip.boratories have learned to prepare ZnSe surfaces such that laser 

damage is not due to the surface.   Because of the emerging importance of SrF2, 

we »ecommend the development of optimum polishing and surface preparation 

techniques for this material. 
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We plan to supply six 2 in. by 1/ 2 in.  SrF« (or C-aF2) windows for 

testing at MICOM.    These windows will be optimally prepared to determine 

their actual usefulness as high-power laser windows at 3.8 /jm. 

We have also recommended that nor further work be done on the absorp- 

tion band of KC1 near 10 /um.    More recent work at the Naval Electronics 

Laboratory and the Naval Research Laboratory has shown that this absorption 

band can be controlled so that it no longer seriously interferes with the use of 

KCT for laser windows at 10. Gym. 

Finally, we recommended that no further work be done on low-loss cool- 

ing liquids.    No low-loss liquids were identified in the literature search.    Further- 

more, there are theoretical reasons for believing that organic liquids cannot be 

made with low enough absorption coefficient to be useful for cooling windows. 
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APPENDIX   A 

BIRLIOGKAPHY:    INFRARED SPECTRA OF LIQUIDS POSSIBLY 

SUITABLE FOH USE AS COOLANTS I OH HIGH 

POWER LASER WINDOWS 

1647    Mrn-reU    M^phou    Spectra    of    Akuhnli      J.    UcomU 
(Co.......... K.n.lu.s. 1K0. VV. IU «^7. March 16. |M0.)-Ior mca.uu.m-m, 
not- r.rxm 2.75« l« H|». ■ «uonte prön. I.ai been UKKI for wi.icli   h« 

show s.ron, ....so.p.K.M a« 3/t to 3-5,* and r.sr,,t (o lM. her« . r*W« 
S^rnllon between :•:-,. ami 8KnMCXcepl in a f.w cas.-s „, .Inch tbere 
is slron, a.-sorpUou l.-twocn SSO,* and 0I6M.    Th« result, are jum- 

mariscd in a tal>lc. 

nmZftHrt     .). H.Collins,    (ll.ys. Rev. '20 pp. 771-779. Dee . I«2.0 
iw  tte  u« o(  two  umsL.nt  deviation Kpectrometcr«   In lerie. and a 

.hu^od .naxin.nm al^i^for, al t!a- iollov.n,« uavc-Ungtl.. - 

.,   ft.c .        0.71fl       _ 0-988      121       I«      l-9C/i 
MM'C:       0.74       0145     01.7       117      I«     IM,. 

There is « »Lift toward shorter  vave length« as the tcm^raUne inma.cs 

amounts < hange »JUi a change oi temperature. 

been d.scussed as a probable source ol the ****£"   ' . ...     .lhc 

L v, I. n>odcrate success, lhc lalUr e.tuat.on was '"^cd o a o 
KMd ,1 1 VC')1'2 aod applad to part of the data of "^^ 

noderata success. 

283S Infra-Ued Absorption of Water from 2-5^ to O-S/x. K. K. 
1>lv rr "and C. J. Craven. J! O«. P*. 2. ^. 300-305. /«* 1»^- 
v I ,dy has been made ol the u.frared absorpt.on bands of watet Iron, 

: . o r-r.. and new tend, have been found at !•**. B-S^wd 5^ 
„land a #7« showed an irregular envelope and .nay contain several 
:„ one ,ts The 3a hand shoued a sh.ft with thick.^ss and .s probably 

^T p ' '■'- conpon.nts. The change .n pos.tion of the, nus.nmnr 
^ O,; 2 re .on . ith UucUaess is explained as duo to ddference ^ ^rpnejj 
S the [on/p-nents whkh consftnte the iKrnd. 1 he band at f. a^ d. I 
„.t show the torresp-.mhn« shift with th,rkness. AUTHons. 

A-l 

' 

\ ^ 

^^^^«a^M^HMrt^m 



4204. Infrn*Red Absorption Spectrum of Water ContalninD 
Deuterium. J. W. Kllis nml B. W. Sorge. /. Ckna. I'hys. 2. /•/>. »«9- 
504, Sept., 10.11- Al^orption pprccnLißcs foi the i-^ion 1-10/t ;uo pre- 
■cntcd for one sample of water, CO % of wlio.c h/dm^.n is deuterium, anil 
for a sccoml sample containing 09-5% dcutciiam o.xklc. Maxima arc 
piclccil out us tin.- three fundament il frequencies for the molrculcs DOR 
and HOD. These are compared with values predicted t«y an isot'pi: 
shift calculation liascd on data chosen from the spoctrmn of ordinary 
water. All otber lii^licr frequency maxima arc interpreted as overtones or 
combination bands, but only after a fourth fundamental frequency N 
chosen in the examples of l IÜII and DOD. AUTIIOIS. 

5041. Iiifrit-Kcd Absor()tlon Spectrum of Heavy Water. T. 
SbUlol. rhys. Math. Soe., Japan. /Vor. 10. pp. 302 3IM, Ort., IM» '" 
English -The sorption of heavy water lias been »tudted in a Kill and 
Zonen auto-rccordinj; RLISS KI» ctrometer, Cells with glua windows »vcre 
used to hold the watci and the thicknc« of the absorbing layer was 0-3 mm 
When heavy watci replaced di-lilled water the bands of the latter at 1 0 V- 
1-40/1 and 1 ■ lM/t were reduced connidetably, and new bands appeared at 
21Iu ItU/tanii i:i2/i (faintly). Three fundamental fre |iieiuics XM re 
estmiated, vit., »(»), 0-8,* (1470' car') i V(n). 3 S/t (WM cm. ') , 
V{o), i'9u (.'M77 tin.-1)    Tablesof data arc included. 11. H  ,"' 

5016. Infra-Ucd Absorption of Oxyßenated Water. A. Malone. 
N. Cimenlo, 12 pp. OüvSCO. ytm^. IMS.—Observations arc made with » 
registering spcetrograph of the infra-red absorption spectrjm of oxygenated 
water as far as fi-tyi. The oxygenated water contained 30 % by weight tr 
11,0, corres]ionding ».o a concentration of 12 K"» . mol. of H,^ ami <• 
gm. mol. o( 11,0 perl of solution. Throughout the spectral field studied »•> 
Uicrcaso of absorption is found in accord.nice with analogous cases ill f*' 
cesses of molecular association There is a piafound modification of tht 
band at 3/t, whilst the maxima at l-.r)/i ami 2/i wh-ise frequencies «r* 
multiples of one of the three frequencies of the fundamental band at 3^1. 
remain practically uiv.hanged. J-J    ' 

3650. Absorption of Water und Alcohols between 0-70-0-95^. 
t. Ganx. /Inn. d. Physxh. 20. 4. pp. 331-348, JUM, 1930.—A 3-prism 

spcetrograph was used as moiiochiomator and a photo-cell as detector. 
Measurements of the variation with temper..lure of absorption of pure 
water were found to agree with Collins' results [sec Abstract 733 (1020)]. 
The absorption-constant at the inaximum is proportional to the density 
of the water. Ihe didercnce in absoiption of water singly- and doubly- 
distdled noted by Lange and Schusterius [see Abstract 3208 (1932)] is not 
confirmed. The temperature variation of absorption of the first four 
alcohols has also been investigated. 1' ulicr observations of the absorption 
of water between 0-I8/t-2-6nv have been collected. F. S. 

1684.   Absorption Spectrum of Water between 2-5 and 6-5 /i. 
B. Can«. Ann. d. Phy:tk, 28. ß. pp. 4-15-407, March. 1037.—Thur 
absorption bands arc studied. The thickness of the absorbing layer 
varies between 5 and 200 /A. In this regie the absorption coefTicicnt is 
not independent of the thickness, but decreases very much with increasing 
thickness. This is attributed to scattering, but no attempt s made to 
correct for the influence of scattering. The variation of the band with 
temperature up to 84° C. and the influence of dissolved ions are also 
studied. U- 1'- 
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1672 Near Infra-Rod Absorption Spectrum of Heavy Water. 
L. Kellner. Roy. Sot. Proe. 169/1. pp. 410-416. April 1, 1937.-An 
inmtication of the Jnfrfc-rcd absorption of heavy water in the region 
00-21 u. Four »btorptioa b.uiJb due to the vibrations of the D^U 
molecule are found v. hose positions are Riven in Table 1 of the on-.nal. 
The rcsuks aie compared with previous obsci vations. It is shown that 
these bands can be explained as certain overtones and combination 
tones of the three fundamentals in the same way as the corresponding 
bands of light wate' vapout have been interpreted by Mecke.     AUTHOR. 

3587. Infra-Ued Absorption Spectra of IM) Liquid, Solid and in 
Solution. G. nosKhietcr and J. Errera. Complct Reitdiu. 20t. />/, 
1719 1721, June 7, 1937.—Dilute solutions of water in CClj and ("?, give a 
similar absorption to that of water vapour, because of the absence ol . ir, 
hydrogen linkages. In ice and water the absorption is <piite iliJcrcnt. 
The bauds at oöOO cm1, (sin nger in water) arc attributed to II linl.a^ . 
bei.vccn two or mote molecules close together : the 3200 bands (stronger in 
kcl to a fcrysUH sti ticturo of poljTnok'CuIci in which each O is surround. ! 
by 411. ' "•^ 

4056. Intern, decular Assocl itlon and Infra-Ued Absorptbm 
of Water. G. Hnsscbleter and J. Errora. /. dt Physiqtu et k RmUuM, 
I i'j> 229-232, /iii.'t.', 1937.—The iibsorplion of Hp liquid, Rascout and in 
Jriatinu is examined at about 3/i. A 1 »ul at 3.-.;0-3700 cm"1, is mono- 
MlMular, being independent <>( the s/.vent. A band about 3300 cm •. 
MIM from 11 bonds. H.O. C. 

20() ^««rpllon Spectrum of Wnter. A. CarrelU S.C,n,fn,o 
., f, or. SS /""-•. IM7. The infra red abM.rpt».. speetmm uf wate. 
,4- //:'1 .,1  and  I..' L.inpa.is.«.  the -p..ha ..I  the  aqueous solution, ot 

^   ."        „     tlatolrypsun.^ 
^l^li'nL nits con.Un.1  as to the classincafon ojjhe 

»Viürple.n mnxiina are drawn. 

4057. Near Infra-Ued Absorptle« Uand of l-lquul Water at 
i -..i u Collins riivs Rn. 52. /-p. 18-00, July 16, 1937, -Fhc 
J/V. J. R.COUUM. i*y*. .■/;,,,,. .lt i^ou i; studied at 
Mir infra-red  absorption band Ol IlquW  water aii   i^ , , 
" ' '       '    Vn ..r .nrent changes h the band arc delected m ««•us temperature».   No ^^"«"^"8 Auwoa. 
tkttoiapeiature rang<;(rOi.»4  C. tolj;   >-. 

534!. Infra-Ued Absorption Spectra of H.O L qnld. R« Id and 
In Solution In Dioxane. G. :iosscbleter and •»• B^»"' ^"'f^ 
RrndHt 206 pp. m-m Of/. 4, 1937.-Thc results ot ,.rev.onsworh [s.. 
Ala.'cts 35H7 and 40M 11W7)] are checked with new appa.atus to lemove 
th" possibility of false bands due to errors m the spectroscope near he 
region o, thc-ibsonuion of qua.U. The ban.l at "<^^^ 
U, bonds between 11 atoms of different molecules, that at 3.. 0 cm to 
tho I nd« iK.twcen the 11 atoms m tl« crystal lattice m which «^ " 
snrionndeil by 4H, 

1664. New Infra-IledAbsorptionHaml of LiquidWater at 2-52,i. 

J H Collins. Phys. R*. 66. pp. 470 472. March L »M»-^" :l,,sf'rr 
Uo Hiquid water In the specti.d region from 2 • 00 to 2 • 0a /x was measure 
by means of a thermopile and glass prism spectrometei - ' a sht w.d h < 
100 A in a search for a weak absorption band predicted by b.lhs as a co i 
Sitten 1 .and occurring in liqui.l water but not m water vapour.    A baud 

n. t ,u ,d vith I neak at 2-52uand with a maximum absorption coefficient 
r b 4     •!.';: tj.: f,,,,. tuorpt««, band to b. found in the speclrum 
3 £S water that has no counterpart in the spectrum of water vapour^ 
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7 "). Absorption o£ water at di'.Ureut temperatures from 2 5 to 7 5/4. 
J. J. Fox ANI> A. !•:. MARTIN. Roy. Soc., Pne.A.Vl*,pp. 231 202, Feb. 1, 
1940.—The authois investigated the infra-red absorption of ice at 
- 0oC., water at + 3X. and + 'O'C, and water dissolved in CC14 from 
2-6 toVs/'. with a grating spectrometer of high resolution. The 3/i 
band shifts to higher frequencies with increasing temperature while the G/x 
and 41 fi bands move in the opjiosite direction. The reasons for this 
behaviour are hydrogen bonds between neighbouring H20 molecules 
which decrease the OH valeric forces and increase the angular forces. 
The hydrogen bonds are strongest in ice and decrease with riling tein- 
peratuie. The intensity of the valcna vibration shows a very marked 
increase with growing association of the molecules. Two valence fre- 
quencies at 3 70.r. and 3C14 cm-', are found for water dissolved in CCI4, 
40-60 cm-', below the corresponding value for U„0 vapour. The 4-7^ 
band is ascribed to the combination frequency between the deformation 
frequency and the frequency of hindered rotation at approximately 
600 cm-', which latter frequency diminishes rapidly with rising tempera- 
ture and disappears altogether for the- vapour in accordance with the 
observations on the 4-7/i band. A biief discussion is given of the 
structure of liquid water and it-, eflects on the infra-red spectrum.     L. K. 

\bs->rpti(m of llu'if by liquid HjQ and DjO in the 
Jnfrarii' IjctHcen S /i nnd 27 /.. SoilM, M. Z. Pliys., 
•'*. '-I. rn J4-*ä, 1940 -The abson ..on spectra 
•f liquid ll:() and D,0 are pholoi'i.iplKvt widi layers 
•f bocral */i thickness, starlins ' HI die ran.ec of 
"•Wvul.ir vib nions up to a wawlcnüth of 27 ft. A 
p«*(t of nc.irl) equidisumt .ibsorplion lines was 
Mamtilbeginnmgal 14/«ami 19/ifor INOand D:0 
MlMtHdy. 0 a 

5274.     The   near   infr.mJ   alisnrplin»   sp<clruni   of • 
liquid ».IIIT.   J. A. CeridoAsnC. C. PtriY.   J. Opt. 
Soc. rfmrr.. 41, 3«-4 (Afty. 1951). 

The near i.r. absorption spiclrum of liquiil water 
at 20'C lias K-en reiiivcstiiMkil nsinR a PbS tell 
detector system. The total spectral ranc.e investigated 
was from 0 70 '.o 2 SO /i. A curve is included wlnJi 
shows 5 prominent absorption bands at 0 7f\ 0 'H. 
119, 1 45 and I 94 /i; and a lalilc nivcs cicperimeiilal 
results of walei ahsoiption at 20 r. *• 

SOlö. Transmission of water In lite near infrared. 
L QtMUL.   Optik, 9. 143 (So. \ 1952) In Cenmn. 

Data ofCurco and Petty lAbs'.r. 5274 (I'JSI) are 
used lo plot transmissions for ihitkncsscs 0 01-10 cm 
and wavelengths 0 7-2 5 /*. o- '• '01",AN 

IS17. lite moleculv spectra of condensed oxygen 
and the O, molecule. A. I SMirn AND 11 L JOHNSTON. 
Ixlter in J. chem. Phys, 20, I972 3 (üec, 1952). 

The i.r. and Raman spectra of liquid and solid 
oxypen and liquid osy^en-nitrogen mixtures arc dis- 
cussed. For the i.r. spectra, the cuives of absorption 
cocnkienl v. frequency of vibration exhibit an 
anomaly which is attributed lo the presence of O, 
molecules. o. I. w. ixtwiiYN 
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4M<(<. Infr.iicd nhMirplion s|ieilriiiii of liquid w.ihr 
in Ihc 3200 to 3600 cm ' rcuiim. S N. ANDRI I v ASD 

1. G. liAiidiivA. IK'I. Akatl Nauk SSSR, <Ji). 
No. 2, 14(J 51 (ll>5^) /'/ Russian. l:nulisli iriinslalion, 
U.S. Nulional Sei. Found. MS7'-fr-66. 

'Ihc results obiaincil arc represented ßraphlcally, 
and discussed with particular rcfciencc to prcvioiisl) 
recorded data. *.. I. v. in wins 

JOdJO. Infrared nhsor|iliiin of liquid »Bier from 2 to 
42 microns. E. K. PLYUR AND N. ACQI/ISTA. Letter 
in J. Opt. Soc. Amtr., 44, S05 (fune, 1954). 

In order to inscstifale how long-wave radiation i> 
transniiucd thicut. water in animnl liisue at bod;, 
tcnipcratinc, the spcctruin of water layers of ihiik- 
ncss 0005, 0 01, and 0 03 mm was taken in Um 
repior. The transmission graphs are reproduci-ii 
One broad band at 15-5/t docs not appear in Ihc 
vapour spcetrum and is attributed to inlcrniolecul.it 
vibrations. A. J. TAVMW 

60fi5. Infrared abMirptioii of Uquld and solid hydro- 
t;cn. E. J. Ai UN, W, V J. Ilvm; AND K. E. 
MACDONAt I). I elki in Phyy Rev., 911, No. 2, 554 5 
(/l/v,7 15, 1955), 

Compariäon with gaseous 11, ' MOOatm in Ihc 
range 40OO-550Üim  ' and assi^1     nl of the peaks. 

<i   I. LOTHIAN 

7847. Infrared spectra of liquid anliv'rous Imliagc« 
Muoridc, li(|iiid sulfur dioxide, and liydrc^n Hunriit> 
sulfur dio\ide!ilutioiis. R. H. MAYHLKV.S. (lo-uan 
AND J. J. KATZ. J. chem. Phys., 23, Nu. 1, 1277-11 
(Jniy, I<155). 

The infrared spectra of anhydrous lii|nid hydrop« 
fluoriilc, anhydrous liquid sulphur dioxide aid n i«. 
luics of the two have been measured in th; rc^ti 
fr^m I to 25/(. A value for the extinction c jelKiwt 
for the polymer peak in the repion higher th in pr«»i- 
ously reported has been found, reflecting the existcM 
of a greater propoition of higher hydropen ". ii. 
pnlymeis in the liquid as couipared with the gas. A 
study of the change in the spectra of solutions of saff- 
ing concentration of anhydrous liquid li\dH<jen 
fluoride in anhydious liquid sulphur diovide has bet« 
made and its possible relation lo the structuie of tK» 
polymers in liquid hydiogen fluoride examiiv.d. The 
possible applicability of obtaining spectra of iKOlom 
dissolved in anhydrous liquid mistmes of hydio>n 
fluoride and sulphur dioxide has been explored ad ■> 
speclruin of silk fibroin in this solvent is picsem.J 

229. INFIIARKD ABSORPTION OF LlQl'ID AW) SOLID 
m-DUOGKN WITH VAUIOII8 ORTHO-PARA RATIOS. 
W.K.J.Ilaro,  K.J.AIlm and Il.L.Wclrh. 
Phys. Rev.,   Vol. 09, No. C,  IP87-8   (S.pt. 15,  1965). 

The band covcrlni; 4000-5500 rm'1 is shnwu for 25-100 r 

para-llj. II is concluded that OQ, S.IO) and S.d) conipnninls 
for pure p-Il, arlso from quaduipolc intoraclion, since their 
relative Intensities areord with Iheoretical values for these 
liileinetions; but thi; .i;',reeineiit is no longer fourd in urlho- 
para mi-tares. CF.Lotluan 
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,071        ABSORPTION DANDS OF CC1, IN THE FAR INFRA- 
RED REGION.    HYoshlnnita. 
J   chcm   PhVi      Vol.23. No. 11. 2200  (Nov ,  19^. 

Nrw Ärcment. rf liquid CCVband. from 000 to 
100 cnr' arc Bh«wn in absorption curves (or 3 h»c>«»«." oC 
cell and B Ubk of maxima with Ihclr a8slt-nments 's B'vcn^^ 
These acrcc with Raman data. 

ovi -nit- rmUCTURE OK ABSORPTION HANDS OF 
SinD no.u.o JS JÄTCTM1NB) BY THHR MOLECULAR 

oX7l"K.ro" 0 Vot^l'No. 5, »7-C. (1957).   In Bu.^«. 
0PIVo BH"" were oxa^.ned on .on Instrument with« L1F pr.sm; 
the ILO «Sctra were also measured on a nMUns bpeetrunutcr   The 
H O and U O tave a dcubK-t structure With absorption max.ma at 
S^   3 '0 and 2550. 2135 rm"' respeefvely.   ll.e TOO Kave broad 
2SÄ max.ma kt 3420 u.d 25,0 em'1,   'fhe resu   s are use<, in 
a discussion on the theoretical structure ot these l.quuls.     ^ ^^ 

7965        ABSORPTION SPECTRUM OK LIQUID OXYGEN IN THE 
TBMPSRATURI RANGE 77-153CK (12C00-3300A) 

OpUkri'sp"eMrosk., Vol. 4, No   4. 448-54 (April. 1958!     In Russian. 
BMltth summary.   PB 141047T-9, obUlnaMc from Ofhcc of 
Technical Services. U.S. Dept. of Cummerce, Washmgto-, D.C. 

' The extinction coefficient tm was measured at the band mui-na 
Md inteir,.! absorption coeflicerts found (or the 12600 and lObOOA 
bands    The chanf < of im p w.th temperature, where p is the dens.ly 
of the liquid, Is Similar for the five Bllts-Knessr groups,   2, -A, 
'E - 'j;   2*2; - 2'^   Z'i; - ('A 4 'I), 2»^ - 2'S, and is also similar 
to the change of /. with temperature    Results are given for deter- 
mination ut fm in the liquid diluted wilt, N, at 7B0K, when-by the 
oxygen spectrum .s generally weakened    Temperature change 
affscts various groups of bands dllferentiy in dilution.   It Is 
suEKCsted that the absorption spectrum is due to the complex (O,), 
In liquid or compressed oxygen S.T.Henderson 

ABSORPTION OF RADIATION IN LIQUID WATER. 
82 E.l.Bochaxov and A.S.Krutlkov. 

Uv. AXad. Nauk SSSR, Ser. geotlr.. 1958. No. 7, 923-6.  In Russian. 
English summary;   PB 141042T-3, obtainable from Office of Techni- 
cal Services, U.S. Dept. of Commerce. Washington. D.C., U.S.A. 

The authors reir.i   sured the absorption bands tn the spectruna 
of liquid water In the iMN - 7000 cm-' region using LIF and NaCl 
prisms.   The positions and the absoipllon coefficients of the 
observed bands «re compared with the results of other workeis.  A 
variable-length absorption cell capable of giving very thin scmplo 
(0.4 mtcroiu'. Is alao descr'bed. D.L.Greenaway 

8725.        THE INFRARED SPECTRUM OF LIQUID AND SOLID 
HYDROGEN.    E.J.AIUn. H.P.Gush, W.F.J.Hare and H.L.Welsh. 
Nuovo Clmento Suppl.. Vol. 9. No. 1. 77-83 (11,58). 

Infr-.rcd spectra of liquid and solid hydrogen over the range 
4100-5&0O cm"'   were obtained using a high resolution grating 
spectrometer, and a considerable amoint of new detail observed. 
A small but abrupt change has been detected at the fusion point, 
but the similarity of spectra of solid and liquid Indicates short 
range order In the liquid, very similar to that In the solid. Just 
above the fusion point.   Ccrliln features of the S lines In the 
fundamental hand if Hie solid are aicrlbed to double trajisltions, 
In which one molecule perfürms liie vlbrational transition and a 
second performs simultaneously a rotational transition In Its ground 
vlbratlonal slate    The predominance of these transitions Is discussed 
with reference to the theory of Induced absorption In dense gases 
The clfect of altei Ini, the ortho-para ratio of solid hydrugen has 
also been liivestü'.ited and the observed chai,t-cs In spectral Intensity 
dlstrlbutlun correlated with f-.e molecular arrangement. 

D.L.Greenaway 
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AI^OKPTION CllOSS-SECTIONS OF WATER DKOPS 
11020     F01[ INfnAI,EL) p>u '.TION. 

J.J.Stephens and J.R Gerhardt. 
J. Mclcorul  (USA), Vol. 18, No  6, 818-22 (Dee., 1961). 

Tables arc n'ven nhow'nR Ihc absorption cross-section at 9 
■wavplenRtha In the niaxinn in emission reRion (5-18/0 ol the 
terrestrial spertnin .   Thi! results are for a scries of drop 
diameters up to 30//.   It Is shown that the ability of a piven drop 
sire to absorb is heavily d»poi,denl on the imaginary part ol 
the retractive Index. D.L.Greenawav 

SPECTRALLY AVERAGED TOTAL ATTENUATION, 
11027        SCATTtlMNG, AND ADSORPTION CROSS SECTIONS 

KOR INFRARED RADIATION.    J.J.Stephens. 
J. Meleorol. (USA), Vol. 18, No. 6, 822-8 (Dec , 1961). 

Tables are (riven ■howlng lh« total attenuation, scatterinp, and 
absorption crohb-seetionr. ol water drops with diameters between 
land 10//(or 10 tempei.itures (2530-29R°K).   The results are all 
averaged over the w>v«l«ngth raupe 4-90ti (which includes approxi- 
mately Wt of the terrestrial spectra) enercy), and provide a means 
o( (onnulatlnR a comprehensive tntrg) b'jJpi t for radiation foe 
Jormation and dissipation. D.L.Crccnawaj 

1693        IIFIIARID SPECTRA Ol   LIQUID AND SOLID CAltnON 
MONOXIDE,     G.E.fwini;. 

J. chem. Phys. (l)SA), Vol.37, No.10, »550-6 (Nov. 15, 19C2). 
A low-tcmprralurc cell suiLible for the study of the inf-an d 

spectra of pure liquids In the fundamrnlnl rrplon is described. 
Selection rules are derived based on the assumption that diatomic 
molecules in the lirpild state can undergo hindered rotation. The 
Inlrared absorption band shape is predicted to resemble t.ie P- 
and U- branch envelope (.f the fas phase molecule In the winps, but 
to have an Intf nie O branch at the band centre. The obs     ved 
spectra (( carbon monoxide as a liquid Is In reasonable aRrecnicnl 
with these selection rules.  It is concluded that a considerable 
fraction of molecules !n the liquid state can undergo nearly free 
rotation. The spectrum of carbon monoxide just below its free/in,; 
point sucpests, however, that the rotatory motion of the molecules 
In the solid can best be described as librational. 

153 NEAR-INFIIARLD STUDIES OF THE STRUCTURE OF 
WATER.  I.  PURE WATER.     K. Duijs and G. R. Choppm. 

J. Chem, Phys. (USA), Vol. 39, No. 8, 2035-41 (15 Oct. 1963). 
Ttc absorption bands of water in the 1.1-1. 3^ rcplon were 

measuied.  From the extinction coeUlcicnts, concentrations of 
water species involvinc 2, l,and 0 hydjopen bonds per molecule 
were calculated. The temperature dependence of these concentra- 
tions yielded a value ol 3. V--.. 5kcal lor the energy Involved In^ 
breakinR one mole of hydrogen bonds in water. On melting, 46% 
ol the hydrogen bonds originally present in Ice are broken; by 72'C 
the percentage broken has increased to 61. The results were used 
in conjunction with the flickcrbig cluster model of Frank and Wen 
to obtain aii upper limit for the average size of the water polymers 
of 90 molecules ol 11,0 at 2Ü'C. 

U199      THE ABSORPTION SPECTRA OF LIQUID PHASE 11,0, HDO 
AND D20 FROM 0. 7 p TO 10 M . 

J.C. Buyly.V. B. Kartha and W. H. Stevens. 
Infrared Phys. (GB), Vol. 3, No. 4,211-22 (Dec. 1963). 

Ttie H,0 spectrum is based on that o( natural water, the D,0 
spccttjjin on that ol heavy water containing approximately 99. 6 
weight per cc-.i D,0. The HDO spectrum has been deduced from 
spectra of !l,0-HDO-DaO mixtures by application of Deer's law. 
The spectra are presented in terms of logarithms of both an extinc- 
tion length, L, the sample thickness that has unit optical density, and 
a molecular extinction c    (ficient^ , plotted against logarithms of 
both wavelength and waw      imbcr. Vibration mode assignments have 
been made for most of the :.i—irption bands observed. The spectral 
data obtained have been useful In the development of infrared moni- 
toring inslnimentation and methods of analysis for lLO-llDO-D20 
mixtures In connection with the heavy water reactor research pro- 
grams at the Chall. River Nuclear LaboratorU s. 
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J0456      KELATIONSHIP BETWEEN THE OBSERVED AND TRUE 
ABSORPTION SPECTRA OF MOLECULES IN A 

CONDENSED MEDU'M. IV. INTENSE INFRARED ABSORPTION 
BANDS IN LI5UTD CHLOROFORM AND CARBON TETRACHLORIDE 
(740-810 cm"1).    V.S.Llbov. N.G.BaJthshlpv and O.P.Glrln. 
Optlka I Spclrtrosk.(USSR),Vol.l6,No.9,1016-23 (June 1964). 
In Russian.  English translation In; Optics and Spectrosc. (USA). 
Vol. 16^0.0,549-52 (June 1964). 

For Pt III see Abslr. 3831 of 1964. The true absorption spectra 
BM of CHC1, ami CC'l, In the liquid phase were determined In the 
region of bard ■ corresponding to antisymmetric valence vibrations 
of C-Cl (740-810 cm"'). It was established that the true absorption 
spectra differed Iron  the observed spectra K(^ In all -haracterls- 
tlcs and were very close to the spectra of the gaseous phase. It was 
shown that In the general case, conclusions'concerning the spectro- 
scoplc properties of molecules in a condensed medium based on 
analysis of observed spectra K(i") are not correct. It was noted that 
some difficulties and contradictions which appear In attempts to 
Interpret a number of phenomena connected with the effect of Inter- 
molecular Interactions on the spectra can be eliminated to a certain 
extent by converting from observed to true absorption spectra. 

6188        NEAR INFRARED SPECTRA OF WATER AND AQUEOUS 
SOLUTIONS.    H.Yamatera, B. FlUpatrifk and G.Gordon. 

J. Molecular Spectrosc. (USA), Vol. 14, No. 3, 268-78 (Nov. 1964). 
Spectra ranging from 4000 to 12 500 enr1 were obtained with 

H2O, DjO, DJO-HJO mixtures, and solutions of these solvents con- 
taining various ionic species. The shapes and/or positions of these 
bands were Influenced by both temperature and dissolved salts. In 
the 8300-cm-1 region, a pronounced band was observed at 8640 cm-1 

with H2O near the boiltng point, wlu reas with ice a broad but rather 
well-formed band was observed at 7990 cm-1. In HjO at room tem- 
perature or below a very broad and deformed band appeared at 
8310 cm"1 with a distinct shoulder around 8600 cm"1, which became 
more apparent with an Increase In temperature. The effect of dis- 
solved species on the spectrum of II20 was very similar to the 
observed temperature effect, and the relative Intensity of the absorp- 
tion at B640 cm""1 and at 8310 cm -1 seems to be Indicative of the 
degree of "structure-breaking" or "structure-making" power of the 
dissolved species. The order of Increasing structure-breaking (c 
decreasing stmefure-making) power deduced 'rom the spectra was 
Cl-<nr-<I-<C104-and LI* ^'Na* <K4 <Cs< <N(CH3)4*. This 
is In good agreement with the published results from measurement 
of other properties of solutions. Similar temperature and salt ef- 
fect« were also observed with other bands of H2O and D20. 

11520       A NEAR INKHARKD STUDY OF HYDROGEN BONDING IN 
VATER AND DEUTERIUM OXIDE. 

M. R, Thomas, II A. Scherai-a and E. E. Srhrier. 
J. Phys. Chem. (USA), Vol. CO, No. 11, 3722-6 (Nov. I9G5). 

The sped r.i ol li(|ui(l HtO, liquid D^O, H ,() lco, and 1) .O Ice were 
"Mained In the 1. 16-1. 25M reghM for 11,0 and Oie l.iC-I.G9(i 
lepion for D.O.  The leni|icraluie de|ieivdciue of Ihe liquid >|>e((ra 
and the exlim lion. nedieienls Inr Ihe solids wc re ulili/t d la c  I'ulale 
the iniK outr.dIons of Hie unboiuled, sliijjly hydrne.en b mdr i, and 
dmilily hydmieii b-mdid water moleeul.'S as a limclinii of lempcia- 
turo Ini  lifiulil II .O ai d f.11  li(|iu I BjO,  The Iiaclimi of possible 
hvdri>H'ii IJOIKIS 1 eiiiaiiiii>|: mlail at v.innus tenipelalnri -.fur   II. O 
cnmpaiis well wilh previous ex|H'rlnuiil.il and theiuelieal lesull.. 
The results lor D^d are ennslslent with llu  r.ileulalions i.f 
Nf'methy and Siherara (I0i;4) 

7777        FAR INFRA-RED ABSORPTION IN LIQUID NITROGEN. 
N.W.B. Stone and 1). William», 

Molecular Phys.(GH), Vol. 10. No. 1, 85-6 (Nov. 1905). 
The present study Is concerned \ 1th the far Infra-red spcctnim 

Of liquid nitrogen. In ylew of the obsc -ved width of the vibration 
bands of liquid nitrogen and oxygen and the Raman evidence of quan- 
tlicd rotation In liquid hydrogen, it was considered possible that 
liquid nitrogen and oxygen might exhibit rotational absorption In the 
far Infra-red. The present work has shown thai both liquid nitrogen 
and liquid oxygen aow.rb In the spectral region between 30 cm ' and 
200 cm-1; nitrogen absorbs more strongly than oxygen. 
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HMO      WFRAnrD ABSORPTION SPECTRUM OF LIQUIU l.uRorf 
TR1FLUORIDE. 

R G SteinUardl.Jr,G.E.S.Frth',i »ndM.W.Jordan. 
J.Chem.Phy».(USA), Vol. 43, N-.1J, 4528-90(15 Dec. 1965). 

17b8a      INFRAKEI) AHSOKI'TION SPECTRUM OF CARBON 
SUn-M'l I'HIDK IN THE LIQUID STATE. 

A.O.Diallo. 
C,R.Acad.Sri. (France), Vol.2r;. No. 2D, 5386-0 (20 Dec I'JGS). 
In Frciu h, I' 

A qi.allludvc study IF; madp at weak refiolnllon, between 2 and 
15tii'''f liquid carbon suh-sulphidf {C.(S..I prepared by reductiün of 
carlion culphldc. The vibration bnnds arc comiKifLd with Ihosc of 
carbon aub-oxide (CjO^).       C.E.Rhcad 

11583      FAU-INKRARKD SP^CTilUM OF LIQUID WATER. 
D. A.Drargcrl. N. W. li Stor.o, B. Ctirnutte ar.d D.WIlliamt. 

J.Opt. Snc. Arner.. Vol. 56,No. 1,64-9 (Jan. 1966). 
The Infraied sppctra o'. HgO and Dj.O in the liquid statt- at am- 

b.cnl Icmpeiaturp OO'C* lav,-> been re-mapped in the spectral reRion 
betwem 10 and 330 »i.  Thr major features observed were extremely . 
Intense absorption bands with tnaxima at 685 and 505 ctn_i  In H^O 
and D^O, respectively. These major bands are overlapped at the loi 
frequency cuds by much less intense bands producinp transmitiance 
minima     *■  193 and 187 cm"', respectively. No evidence was ob- 
tained for the series of narrow ba-:ds rec ently reported by Stantvirh 
and Yaroslavskii (1061).  Kxtinctiun coellicients have been delermm 
td for the ranpe 170-50 em-1 and aie rom;;:ired with recent data, 
present data on linear absorption coeffioi...its for HkO in the ranee 
1500 1100 cm"' arc in fair agreement with the results cf previous 
workers.  Tne influence of temperatjn  variations on the trequenens 
of inlrar id bands has been studied U.:-all bands, in the repion between 
1000 and 32 cm"1. Theoretical interpretation of the results Is dis- 
cussed briefly. 

20008     FREQUENCY ASSIGNMENTS IN INFRA-RED SPECTRUM 
OF WATER.     D. Willums. 

N.ilure (Gli), Vol. 210, 194-5 (9 April I960. 

26810 
RAMAN STUDY OK HYDROGEN BONDING IN HYDRAZINK. 

J.R.DuriK.S. K. Hush and E. E. Mercer. 
J.Cheni.Ph>;,.(USA), Vul.44,Nü. 11,4238-47 (1 June 1956). 

The Infraied spectra of liquid, sol,d, and ca:enus tetradcutera- 
led hydrar.ine luve been measured from 250 to 1000 em'1. Fine 
structure was resolved for three of the perpemhcular fundamental 
hands of the ■Uumcd symmetric top. The Raman spectra of liquid 
hydrazine and tetr.iriouteraled hydrazine have been recorded and 
depolarization va' ics measured. A complete vibralional analysis 
based on band type, position, and depolarization values is nivcn which 
satisficr the prcvluct rule for lioth the a and b vlbrational symmetry 
specie1-. The intensity of the 3189-cm   ' band of l.ydiazine has been 
studied as a function of temperature. All   lor ll-bond fonnnllon in 
hydrazine Is found to be — 1450 cal/mole. The relative in'ensity of 
the 318a-cm   ■ band to that of the 3260-011-' band has bee i studied 
as a fvinriion of coiicentiation in dimethylsulfoxide and indi  ates that 
pail of the intensity of the 3189-cm-1 band arises from a vlorsuonal 
mode of the hydrazine monomer. 

2280        INKRAHKD AND KAMAN SPECTRA OF CARDON SUB- 
OXIDK IN CONDENSED PHASES. 

W.ll.Sn.ith and C.E. I.erol. 
J.Chein.Phys.(USA),Vul.45,No.5, 1767-77 (1 Sept. 1966) 

Infrared and ll.im.in speclra of liq-nd,crystalline, and m.ttrix- 
Isolnled tarlion MibOSide have been olil.nned in the region 20-1000 
cm" ,.  A previously unrepo: led solid-solid Iransilion has been ob- 
Berved at IIS   i 5 K,and possible structures lor Imlh ciystalilnc 
phases have been Inferred from the spertroMopIc results. The iu 
ccnlral-carbon bendiin; mode v7 has bei n Identified In the liquid 
phase at 72 I 2 cm '. The problem ol Misappearlni;" sum bands is 
discutsed, and a revised vibr.illun.il assii.iinienl amllorce-consl.ini 
analysis lor carbon tuboxlde Is presented. 
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UM       MEAK-IHKnAKBO SPECTRA OF ll.O-D.O SOLUTIONS 
J  D Worli'V H'id 1  M Kloli 

J.Clv m  Phyil, (USAI.Vol 4'j,Nu B,28f.8-Tl (IS Ort. ItM), 
h"ar-lnlrarrd bportrj havo liecn olilüird lor MOD In D^O 

Rolutl r.s tonlaliilnB a varloiy <.| ,,ol'ilo«   A sharp land "'■ru'•';•'' 
1 416 »i (70C2 cm   'land rrthcr liaiicls ;.l 1.525 (t.bSV rm-'l, 1   J^ 
(C427 cm-'),and l.CCG p (0002 rm1).  The absorlunris at 1.41C 
and 1,656 M Inrre««« and decrease, reFpoctlvcly, with Im reasm,- 
limpcralure.   From this VMiattnn.a ill" o( rormalinn nt -2.4 kcal/ 
mole has been thlimaled (or Ihe O- H    O iKiiid in these wluttom 
Nineteen electrolytes and one polymer, polyvinylpyrrolidonc, have 
been cxaimneri for their ctferts on the spectra «I water in this over- 
lone rc-nion.   No frequency shilts have been observed with added 
Bolnte only charges In ahsorluncc.  Sodium perchlorate shows the 
Mronunt rtruClure-breAlllg effect. Tetrabutylammomum bromide 
and polyvinyljiyrrolidone exhibit struilure-nakinR character. A 
definite toinlation has been found to exist brtween the effects of 
calls on the acqueous solvent and their ability to affect the confor- 
mation of a macromolecule 

1155        FAR INFRARED SPECTRUM OF LIQUID WATER. 

J.Opt.Soc.AmerVvolSe.No. 10,1398-9 (Oct. 1966). 

25800      VinnATIONAL SPECTRA OF SPC1_,,SPCI2F SPC1F2, 
AN!) SPFj.     J.R.Dum; and J.W.Clark. 

J.Chem.Phys.lUSA). Vol.46,Nn.B, 3057-C     I» April 1967). 
The Infrared spectra of llnophüsphoiyl trichloride and thin- 

phosphoryl dlcWorofUorW» in both the liquid and (jast-ous stales, 
«nd thiophosphoryl ihlorodiflunndc and thiophosphoiyl tnduoride 
In only the gaaeoua state have been recorded from 4000 to 100 cm"'. 
The tUnuui spectra have also been recorded fur the four thiophos- 
phoryl IrlhaiMea in the I   (Uid state and depolaruation values m<a- 
«ured. Complete vihrati'.nal assignments based on band contour 
poBitiiiis,aMd depolarization values are piven. liie spectra are 
Inlerpreled In detail assuminr, C,, symmetry for |i lophosphoryl 
dlchloroduonde and thiophosphoryl dichlorofluonde and thioplios- 
nhoryl chloirvUfluoridt,and'C3V symmetry for the other two mole- 
cules. The vibrational assn.n'nent proposed for the SPFj molecule 
Ir In ma.ked comrast to that currently accepted. The P-S stretch- 
Ing vlbrai on is found to decrease in frequency wilh the increased 
number of fluoride atoms attached to the phosphorous atom.  Pos- 
sible reasons for Ihe decrease Hi frequency are discussed. 

21685      EFFECTS OF TEMPERATURE ON THE NEAR-INFRARED 
ABSORPTION SPECTRA OF MOLECULES IN THE CON- 

DENSED STATES. 1. CARBON DIOXIDE. 
W.C.WaRp.cner, A. J. Weinberger and R. W. Slouphton. 
J, Phys. Chem. (USA), Vol. 71, No. 13, 4320-5 (Dec. 1967). 

Tlie principal features of the abson'tion spectrum of liquid COj 
In the region from I.I to I. ty have been identified. The tempera- 
ture dependence of the spectrum between 1. 19 and 1.66 n has been 
measured-in a frozen sample at —80* and 0. 9 aim and at the triple 
point,—56. 6* and 5. 1 aim, in the liquid from the triple pouit to the 
critical point 31. 1" and 72. 9 aim, and in the gas fror, the critical 
point to 65* and 136 aim. The bands in liquid CO, at the triple point 
have Ai/./j ■ 10-22 cm"1, but broaden considcramy with Increasing 
Itmperalurc, viz., 25-7V4 at 0* and 200-400*4 at 65*.  Freezing both 
Increases the band heights and decreases the band widths by at 
least a factor of 2. The 1.6-)i bands have Lorentz profiles over the 
entire fluid ranire studied. Tlielr composite Intensity at the triple 
point (0.232 l.molc"1 cm"2) increases nonlinearly wilh incrcasiiiR 
temperature and with decreasing density, the latter parameter being 
by far the predaimnruit one.  Ilif increase in Intensity from the 
triple-point value is C',,, at 2° and If) at 25* In the liquid, and 380*4 
In going to the dilute -as state at 25*.  TTiis dependence of the intcn- 
lity upon density Is In line with the Lorentz theory U band broaden- 
ing of nonassocialed molecules. 
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