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AISTRACT

A study of the two-coat reflection-reducing film developed
by Moulton and TillyNer of the American Optical Co. was made,
particularly as regards the method of formation of these films
and their properties. The nreferred method of apnlication was
found to be the addition of portions of Solution #157c to glass
disks while rotating at L1750 RP.' followed by the application of
Solution #50a (containing 51 butanol) at 2W00-2500 RPM with a
15-minute baking at 100-105 0 C after each addition of solution.
The films so formed were uniform, clear and hard and very effi-
cient in reducing reflection. A tynical disk of 1.525 index
glass coated with this system gave a reflection of 0.i-.crf per
surface of incident light of 5500 AO wave length.

The use of various silicon esters for the formation of
single-coat films was studied and found to give, at best, films
canable of reducing reflection of light from glass of 1.52 index
to about 50" of its original value. The films orenared from
methyl and ethyl silicates were hard, clear, water-renellent,
and were the most effective esters in reducing reflection.

Investigation of the use of various silicon compounds (Dow-
Corning fluids 1.O00 and 1300, dimethyl silicon dichloride and
ethyl silicon trichloride) to produce non-wetting surfaces on
reflection-reducing films showed dimethyl silicon dichloride to
be the only one capable of giving good non-wetting surfaces
without harming the reflection-reducing properties of the films.



ITT RODUC TIO,

A. Authorization

1. This work was originally authorized by Bureau of Ordnance
letter S71/7TOrd )151 of 29 March 1Q1`3 and continued by Bureau of
Ordnance letter rl, (Rele) of 11 February 19)11.

B. Statement of Problem

2. The objects of this investigation were the nroduction of
reflection-reducing coatings on glass surfaces bi- chemical means
and the treatment of the coatings to make them water renellent.
If the first of these could be accomulished, the orocess for
depositing low reflecting films on ontical surfaces would be
greatliT sImolified eliminating the high vacuum technique now
generally used.

5. Certain reouirements were placed on the coatings, namely,
that they reflect onl- 1.5` ner surface of the incident light at
some wave length between 5000 and 6000 AO, and that they be clear
and hard. These coatings could be produced in one or more anoli-
cations of the same or different raterials, the onlv limitation
being that the result is reproducible following detailed instruc-
tiors.

C. Known Facts Fearing 6o the Problem

I!. This Laboratory has preYigu~lv written three reports on
reflection-reducing coatings ')` * Reference (1) deals with
evanorated retallic fluoride filMs. It also contains the theory
for the one-coat low reflecting coating. References (2) and .(3)
describe methods for the aonlication of lovw reflecting films to
transoarent olastic surfaces and to glass surfaces. Films' oro-
duced on plastics by the evaooration of a susoension of finely
divided silica are very efficient, but soft and somewhat cloudy.

,These may be hardened' by the addition of ethyNl silicate to the
susoension vithout imnairing their effectiveness.

5. The American Aptical Comoany has develored a fWo-coat system
for oroducing coatings of ver1T low reflectivity. This system
:consists of a high index coat containing a titanium comnound and
'a low index coat of a silicon ester. The method is discussed
rfully in a natent annlication 4 of Moulton and Tillver.

?6. In.general, the requirements for the tvoe of coating
ýdescribed here are that it be l/1, wave length thick ontically
ýfor the incident light and that its index of refraction be the
;square root of that of the substrate.

7. The use of various organic silicon compounds for the pro-
duction of water renellent films is well known. Liberal use was
made of this fact in applying non-wetting coatings to the low-
reflecting films. The hydrophobic properties of other adsorbed



monolaVers have also been described in another Laboratory
report 5 .

EN PE RlY NTAL

A. Apparatus

8. The apparatus used in the application of the two-coat re-
flection-reducing system consisted of a centrifuge whose head
had been removed and replaced rith a chuck suitable for holding
glass disks up to three inches in diameter and for rotating them
in a horizontal plane. The speed of rotation was controlled by
a built-in rheostat and also by a "'Variac" variable voltage
transformer. The speed of rotation was measured by use of a
"Strobotac".

9. The apparatus used to produce the single-coat films of the
various silicon esters consisted of a small 2-RPFI synchronous
motor which withdrew the glass plates from a beaker of the coat-
ing material at a constant speed. The rate of wuithdrawal was
varied by changing the size of the pulley attached to the shaft
of the motor.

10. The reflection-reducing efficiency of the various films was
determined by allowing parallel light which had passed through
a daylight blue filter, Corning #5900, to fall on the coated
plate and be reflected onto a "Photox" photoelectric cell at an
angle as near to the normal as possible. The intensity of the
reflected light was measured by the deflection of a sensitive
galvanometer to which the photoelectric cell was attached.

11. The water repellent properties of various films was eval-
uated by measuring the conta t angle of water with the film
using a "contact goniometer"ý. The apparatus consists of an
eye-piece (magnifier) and two movable cross-hairs. One cross-
hair is rotated until it is parallel to the base of the water
droplet and the other rotated until it is tangent to the sur-
face of the droplet at its point of contact with the film -
the contact angle being the angle between the two cross-hairs
and is read directly from an attached scale.

P. MIaterials

12. Glass plates, 1-5/3" x 3-V/8" x 1/8", 1.52 index.
Glass disks, 2" dia. x 3/16", 1.525 index, from Semon-
Bache R Co. , New York.
Solution iiýll5 (Silica suspension) supplied by the American
Optical Co.
Solution 1`50 prepared according to the procedure of the
American Optical Co. Ethyl silicate in ethyl alcohol and
ethyl acetate (see appendix).
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Solution #155, TiCl 4 in ethyl alcohol as above, (see
appendix).
Solution 4' 157c, mixture of F50 and #155 as above, (see
appendix).
Solution #50a, ethyl silicate in ethy l alcohol and ethyl
acetate (see appendix for preparation.)
Ethyl silicate (comrercial), Carbide Re Carbon.
Silicon Tetrachloride, Niagara Smelting Corn.
Titanium Tretrachloride (technical), Bimer A- Amend.
Direthyl silicon dichloride (technical), H. S. Booth.
Ethyl silicon trichloride (technical), H. S. Booth.
Dow-Corning materials identified as follows:

a) DC fluid type h-O0, i' Etc SiO in CClIi
b) DC fluid type 1300, i- LoMe in CC14

Common organic solvents.

C. Preparation of Films

15. Two-coat reflection-reducing systems were prepared byl the
following procedure: The clean glass disk to be coated was
mounted in the chuck of the centrifuge and whirled at 4L750 RPM.
The surface was flushed with alcohol, whirled until dry and then
blown free of dust and lint. A portion of Solution #157c (clears
containing no particles of dust, silica, etc. ) was poured upon
the center of the spinning disk and spun until dry. It was
found that for bcs.t results the liquid (approximately 0.5 ml per
surface for a 2" disk) should be added in one smooth motion and
no extra drops allowed to fall on the surface. After both sides
were coated the disk was further dried and the coating hardened
by heating in an oven at 100-105%C. for 15 minutes. This film
causes an increase in reflection of light from the surface. The
glass disks were again mounted in the centrifuge and spun at
2200 RP••. A portion (approximately 0.5m1l) of Solution Yt50 was
added and the disk allowed to rotate until the film was dry.
After the second surface was coated, the disk was heated at 100-
1050 C. for 15 minutes to complete the removal of the solvent.
The films thus produced appeared deep blue or purple to daylight
reflected normally from the surface, indicating the. nearly com-
plete extinction of reflection in the green-yellow portion of
the spectrum. This low, speed used caused an appreciable "edge
effect", i.e., an area of high reflectivity was formed around
the edges of the disk and extended inwvard for 1-2 mm.

14. A more satisfactory procedure for the deposition of the ioby
index film was found to be the application of Solution 9l50a to
the disks, as above, but using a higher speed of rotation;
namely, 3000-3600 RPV'. The "edge effect" was considerably les-
sened by this procedure. Best results were obtained through use
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of Solution #50a to which 50 butanol had been added. For this
solution a speed of rotation of 2300-2500 RPTIT was found to give
films of desired thickness. The butanol caused a more even
spread of the solution over the surface of the glass resulting
in greater uniformity and fewer spots. Not enough edge reflec-
tion was present to be troublesome. The reflectivities of a
series of plates prepared by the above technique and under nor-
mal Uinter laboratory conditions (temperature, 75 0F; relative
humidity, 15') are listed in Table I. Coatingu applied under
conditions of high humidity (temperature 75 0 F, relative humidity
50') were effective in reducing reflection but were unsatisfac-
tory because of excessive cloudiness.

15. Several single-coat reflection-reducing films were produced
using various organic silicon esters; namely, methyl, ethyl,
butyl and cellosolve silicates and trimethoxyethyl silicane.

16. A solution of methyl silicate in methanol was prepared by
the slow addition of 15 ml of silicon tetrachloride to 50 ml of
absolute methanol with cooling. The reaction mixture was al-
lowed to stand two hours and then various quantities of it were
added to 50 ml of acetone and 5 ml of butanol. (These acetone
solutions decompose on standing.) These solutions were used for
the application of films to glass plates of 1.52 index by the
withdrawal of the plates from the solutions at various rates.
Evaporation of the solvent left a homogeneous film having re-
flection-reducing pronerties, clarity, hardness and water-repel-
lency especially after baking at 1000C for one hour, Plate 1
shows graphically the effects of the concentration and the rate
of withdrawal on the effectiveness of these films in reducing
reflection. The minima of the curves probably indicate that the
maximum efficiency of this type of film is in the range of 527
reduction of reflection when applied to glass of 1.52 index.
A series of plates was treated as above but in an atmosphere of
48/ relative humidity. There was no detectable difference be-
tween films prepared under these conditions and those prepared
under normal laboratory conditions (relative humidity 10-205).

17. plates were coated with ethyl silicate films by withdrawal
at various rates from a solution of the following composition-
acetone, 50 ml; butanol 5 ml; ethyl silicate, 5 ml; hydro-
chloric acid, 1 ml. The plates were baked 1.5 hours at 90%C.
The effect of the rate of withdrawal on the efficiency of the
films is indicated in Plate 2. The effect of additional coat-
ings applied at a withdrawal rate of 11.9 cm/min is indicated in
Plate 5. This procedure was found to give inconsistent results
as may be noted from the lack of smoothness in the curve. This
inconsistency was found on subsequent runs. plate 4 shovws the
reflectivity toward light of various wave lengths of a plate
coated with an ethyl silicate film. The film shows a fairly uni-
form reflectivity 55-60• over the range of ILOOO-6250 A0 .

-0 4-



18. A solution of butyl silicate in butanol was prepared by the
slow addition of 10 ml of silicon tetrachloride to 50 ml of re-
distilled butanol and allowing the mixture to stand for two
hours. Various amounts of this solution were added to 50 ml por-
tions of acetone and applied to glass plates using the procedure
outlined above for methyl silicate films. Plate 5 shows the
relation of the reflection-reducing pronerties of this film to
the concentrations used.

19. A cellosolve silicate solution was orepared by the addition
of 10 ml of silicon tetrachloride to 50 ml of technical ethyl
cellosolve and allowing the mixture to stand one hour. Portions
of this solution were added to 50 ml of acetone and 5 ml of bu-
tanol and applied to glass plates as above. The relation of con-
centration to reflection-reducing efficiency is shown in Plate 6.

20. A solution of trimethoxyethyl silicane was prepared by
adding 10 ml of ethyl silicon trichloride to 50 ml of methanol
and allowing to stand for tmo hours. This solution was applied
to glass plates in a manner similar to the cellosolve silicate
procedure. plate 7 shows the relation between the reflection-
reducing efficiency and the concentration.

D. Application of Non-W!ýetting Films

21. The ability of several reagents to produce non-wetting
films was tested by applying them to a wettable reflection-re-
ducing film and then measuring its non-wetting properties and
reflection-reducing efficiency. The wettable reflection-reduc-
ing film was prepared by withdravIng small glass plates at 11.9
cm/mmn from a solution of the following composition.

Cellosolve I.6 ml
Butanol 35 ml
Ethanol (950) 310 ml
Solution #115 92 ml
Ethyl Silicate 5 & 10 ml
Hydrochloric Acid 1 ml

The plates were cut in half, one half kept as a control and the
other treated with the various solutions capable of producing
non-wetting films. The results are listed in Table II.

22. Small quantities of the Dow-Corning fluids (DC I±00 and
DC 1300) were poured over the surfaces of the above coated
plates after they had been rinsed with acetone. The fluids were
allowed to drain while held in a vertical position and finally
baked for four hours at 1500C. The above process was repeated
using dilute solutions of the DC fluids in carbon tetrachloride.
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In all cases a sticky residue remained after baking. This vas
removed by rinsing with ethyl alcohol. The plates so treated
were not wet by water but were no longer effective in reducing
the reflection of lightfrom the surface. (See Table II.)

250 A solution of dimethyl silicon dichloride in tetrachloro-
ethylene was applied to the coated glass plates by spraying
using a hand atomizer. After drying for five minutes at room
temperature, the plates were rinsed with alochol. The films were
not vet and were still very effective in reducing-reflection.

21.. Ethyl silicon trichlori.de in tetrachloroethylene solution
was applied to the plates by spraying and treated as above. The
films were non-wetting to some extent but their reflection-reduc-
ing efficiency was decreased.

E. Testing of Films

25. A graph of the'reflectivity of a disk treated with the tvo-
coat system of reflection-reducing films toward light of various
wave lengths is shown in plate 8. The reflectivity toward light
of w nave lengths b900-6500 AO is less than 200 of that of an un-
coated piece of glass of the same kind and reached a minimum of
3.L lh! (0.1 of the incident light per surface) at 5500A0 . In
plate 9 is shown a comparison of the transmission of a 5-piece
system (ten surfaces) of coated glass disks with a similar sys-
tem of uncoated disks for various wave lengths of incidlent light.
The maximum efficiency of the coated system is in the range
5250-5500 AO where nearly 50% more light is transmitted than by
the uncoated system.

26. The twro-coat filMs are fairly hard and glass so .coated may
be handled in much the same way as uncoated glass. The films
may be scratched by rubbing with metal, grit, or other abrasive
material, but may be safely polished by rubbing with a clean
cloth. These filMs are non-wetting, the contact angle of water
with the film being LO-50c. Long immersion (one week) in water
causes a decrease in the non-wetting properties of the films and
also a shift in color from blue, to brown with a slight decrease
in the reflection-reducing oroperties of the film. These films
are also extremely grease resistant; grease spots do not tend to
spread over the surface and may:be readily removed by wiping
with a clean cloth.

27. A comparison of the properties of the single-coat films
produced from the various silicate esters is given in Table III.
For the alkyl silicate esters (methyl, ethyl, butyl)'the effec-
tiveness of the. films in reducing reflection decreases with an
increase in the size of the alkyl group, but the water-repellency
as measured by the contact angle of water with the film, in-
creases with an increase in chain length of the alkyl groups.



All of the films are clear but those of longer ch.Ain length are
soft and easily made cloudy by rubbing. The films prepared from
methyl and ethyl silicate are very hard and very clear.

28. Typical plates coverdd with films of methyl, ethyl and
butyl silicate were heated in an oven at 2000C for one week in
an accelerated weathering test. The reflection-reducing effi-
ciency was greatly decreased in each case but the plates were
still clear and non-wetting. An ethyl silicate film on glass
was immersed in distilled water at room temperature for10 hours.
At the end of this time the plate was partially wet by water and
the film was brown rather than gray-blue but the efficiency in
reducing reflection was essentially unchanged.

29. Relatively thick films of methyl silicate, ethyl silicate,
butyl silicate, trimethoxyethyl silicane and Solution #155 suit-
able-for infra-red absorption studies were prepared by pouring
small quantities of the solutions on to rock salt plates and
drying in an oven at 105-110°C for several hours. The infra-red
absorption spectra were measured with a rock salt prism spec-
trometer. The results are indicated in Table IV. Absorption
bands at 53,tarise from water or hydroxyl groups and those at
6/.are caused by water alone. Groups containing a carbon-hydro-
gen bond (C-H) have absorption bands at 5.3l-5iU, while -C92 and
-CH; groups absorb at 6.8 and 7.2k-. Silicates absorb at 5, 8.4,
8.8, 9.7, 10, 10.5, and 11/1., the number of absorption bands de-
pending on the structure of the silicate. Titanate bands arise
at about 13/,. The results listed in Table IV under "Weak Bands"
are somewhat doubtful as the absorption was extremely weak.
They would indicate that the surface was rich in C-H groups of
some sort but that not many were present in the body of the.
substance. This rich C-H surface substantiates conclusions
based upon measurements of the contact angle of water with these
surfaces.

50. X-ray studies-,,- of an ethyl silicate coating show no lines
of crystalline quartz. The lines would be detectable if the
particle size were greater than 50 AO and the amount of auartz
present greater than 1%. The percentage detectable would be
lower with increasing particle size. In the case of the high
index coating no lines of crystalline titanium oxide appear
until after the film has been flamed. During the flaming the
coating first chars and then becomes white. After this moderate
heat treatment anatase lines appear. The sharpness of the lines
indicate that fairly large particles are formed immediately.

DISCUSSION OF RESULTS

31. The reflectivities of a series of plates prepared accord-
ing to the procedure in paragraph 1LL (using Solution 1`50a con-
taining 5% butanol to produce the second film.) are listed in

,Thes.e. .studlies were made by Dr. H. Friedman of the Physical
Optics Division.



Table I. The values obtained indicate that by, using a standard-
ized procedure it is possible to produce efficient and nearly
identical films consistently. It is to be expected, however,
that to produce similar films from different batches of solution,
the speeds of rotation must be adjusted to the specific solution
used or the concentration adjusted to fit a given speed since
there n6aturally will be small variations in effective concentra-
tion due to differences in solution age, concentration, temper-
ature of aging, etc. Presumably the rate of change of concentra-
tion of these solutions will decrease as the solution ages and
thus after a given period of aging (one month) will undergo only
slight changes on further standing. It is therefore suggested
that the speeds be adjusted to the solution being used.

52. It has been postulated that the single-coat reflection-
reducing films produced on glass by the above processes consist
of thin silica (Si02 ) coatings. However, there is much evidence
that would indicate this to be untrue. These films are not wet
by water while silica films are very readily wet. Variation of
the alkyl group present in the silicate ester causes a varia-
tion in the ?Ottability of the films, as is evidenced by a change
in the contact angle of water with the films, and also a change
in the efficiency of the films in regard to reduction of reflec-
tion. Thus it would apnear that some of the alkyl groups are
still present in the film - possibly as a condensed silicate
ester. The presence of alkyl groups in the butyl silicate film
has been definitely established through infra-red absorption
studies. Confirmation, however, is lacking in the case of methyl
and ethyl silicate possibly because of the thinness of the films.
Infra-red studies also do not show strong evidence for alkyl
groups in the trimethoxyethyTl silicane film, even though the
structure of thIs compound precludes the possibility of the loss
of all of its alkyl groups.

53. The oresence of organic groups in the high index coating
(TiCI4 in ethylalcohol) is indicated by the high contact angle
of water with the surface, and the fact that the material chars
on flaming. The absence of an X-ray pattern until after flaming
indicates that the titanium is in a non-crystalline compound on
the surface.

34. The Dow-Corning fluids gave films having very good non-
wetting properties but which also partially destroyed the
effectiveness of the reflection-reducing film. The more dilute
solutions did not harm the original film to the same extent as
the concentrated (15,) solution but were also less effective in
producing a non-wetting surface. These fluids were found to be
unsatisfactory for giving a non-wetting surface to a reflection-
reducing coating. The films produced from ethyl silicon tri-
chloride were fairly non-wetting but decreased the effectiveness
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of the reflection-reducing film. The films produced by the
treatment with solutions of dimethyl silicon dichloride in
tetrachloroethylene were found to give the best results. These
films give good water repellency to the reflection-reducing
films but have very little effect on the other prooerties.



CONCLUSIONS AND RECOT1 ETTDATIONS

55. The two-coat system of reflection-reducing films developed
by Noulton and TillyTer of the American Optical Company was in-
vestigated and found to produce satisfactory reflection-reducing
films.

36. IYodification of Solution #50 by its preparation in a more
concentrated form and also by the addition of 51!ý butanol before
applying to the glass is advocated since more uniform films are
thus produced and the "edge effect" is less bothersome.

37. It is siuggested that the speed of rotation required to
produce efficient films by the above technique may vary with the
particular batch of solution used and that it be adjusted for
each batch by the preparation of a few test plates.

58. It is recommended that this work be continued and that
other methods of application of these films be studied. The
method of application by a "withdrawing" procedure should be
studied so that filris may be applied to objects incapable of
being treated by the spinning technique and also that the "edge
effect" produced by spinning may be avoided.

39. The application of this tv~o-coat system of reflection-re-
ducing films to materials-other than glass; for example, plastic
lenses, should be investigated.

40. Films produced from single-coatings of silicate esters
have a maximum reflection-reducing efficiency of about 5050 on
1.52 index glass. The films produced by methyl and ethyl sili-
cate are the only ones having pronerties making them worthy of
further investigation and possibly then only in conjunction with
a high index filvi.

41. The composition of. the films produced by solutions of
these esters - and presumably from Solution P-50 of the American
Optical Company - is still not definitely known, although most
evidence points toward the formation of a partially hydrolyzed
polymerized silicate ester.

[42. The use of Dow-Corning fluids b.00 and 1300 and of ethyl
silicon trichloride for the application of a non-wetting surface
to reflection-reducing films is discouraged because of the ad-
verse effect of the materials on the efficiencies of the films.

43. The use of dimethyl silicon dichloride for producing a
non-wetting surface on these films is advocated.

- 10 -



TABLE I

REELFOCTIVITY OF DISKS COATED IVITY4 A TWOCOAT
RBFLFUCT I ON -T3EDTTC INYG FILVM,ý

.Reflectivity
to Wehite Light

2l1%

20

19

20

20

21

18

Reflectivity
to Day-light Blue

2 3ý

21

21

21

21

21

16

Reflection Surface

0. 9200(

0. 811

0. 8 h-

0. 84

o.84

0.84

0.64

*All films were hard and clear but a little too
thick to be the most efficient type.

Disk

1

3

4
5

6

7



TABLE II

EVALUATIONT nF VARIOUS NON-V.ETTING FILMS APPLIED
TO RFFLFCTI0N-REDrTCINTG FILFS

Reagent

DC 1300

DC 400

Et SiCI5

Me2SiC12

Concentration

Undiluted
Undiluted
1:9 ccli.
1:25 CClI1
1:100 CCIl4

Undiluted
1:9 ccl4
1:25 CC•4
1:100 CC14

1:20 C2C14
TV

1: 15 C2C14
it

1:6. 4 C2CI•

No.
Coats

1
1

1
1

1

1
1
1
1

2

2

1
2
1

Reflectivity
Fef-•re

lOý8 ý
27
31'
34

10
35

9
7-1/2

8
8

37
37
31.
3b-.

of Film
After

66<

61

52

?9
.51

30
21

9
9

31t.

29

Non-
iffe t t ing
Properties

Good
Good
Good
Good
poor

Good
Good
Good
Fair

Fair
Poor!

Good
Good
Good
Good
Good
Good
Good



TABLE III

COYPARISON OF PROPERTIES OF SIYTGLE-COAT
REFLECTION-REDTTCI' TG FILMS PREPARED FROM'

VARIOUS SILICON ESTFRS

Reflectivity

Hardness

Clarity

Non-wetting
Properties

Contact Angle*

rethyl
Silicate

48

*v. hard

v. 'clear

+

550

Ethyl
Silicate

58

Butyl
Silicate

61

v. hard softer

v. clear fairly
clear

+

600

Cellosolve
Trimethoxy-

ethyl
Silicate Silicane

64

soft

fairly
clear

+

700 450

6o

soft

clear

+

850

*-Filvs had weathered at room temperature for about 3 weeks.



TABLE IV

INFRA-RED ABSO'RPTION BANDS OF FILYS•n

Source of Film

Methyl silicate

Ethyl silicate

Trimethoxye thyl
silicane

Butyl Silicate

Solution fL50
(Ethyl Silicate)

Solution 1' 5 5
(Ethyl Titanate)

Predominant Bands

3,6,8.8,9.7,10.5

HOH, Silicate

3P,6,8.3,9.7,10.5
HOH, Silicate

3,4.5,8.8,9.7
-OH, Silicate

3,8.8,9.7,11,3.e1,6.8,7.2
Silicate, -CH, -CH2,-CHb

399.8,9.7 ,10. 5
Silicate

39,6,13
HOH, Titanate

Weak Bands
"/Q.

3.4,6.8,7.2
C-H,-CH2 , -CH HL

3.4,6.8,7.2
C-H,-CH2 ,-CHb

3. 4,6.8,97.2
C-H,v-C12 •-CHf•ý

6
HOH

*Data by yr. P. S. Smith of Physical Optics Division



APPEYDIX

PREPARATION OF SOLUTIONS

Solution J1 15 5 is ,prepared by the slow careful addition of ten
parts b T weight of titanium tetrachloride to ninety parts of
190 proof ethyl alcohol and diluting the resulting solution
with an ecual volume of 190 proof ethyl alcohol.

Solution 1`50 is prepared by mixing the following components in
the prorto ions indicated and aliowin-g to stand at least one
week:

Ethyl alcohol (190 proof) L5 parts by weight
Ethyl silicate 5 "i " "

Ethyl acetate 
1.15 " "

Hydrochloric acid (d 1.17) 5 " "

Solution #50a is a modification of Solution 150 and is prepared
by adding a double portion ofethyl silicate to the above solu-
tion. It gives a solution that is essentially twice as concen-
trated as Solution #50 in regard to film-forming material.

Solution /-157c is prcpared according to the directions of
Moulton and Tillyer4 by mixing eoual parts by weight of Solu-
tions #155 and #50. It is used to produce films having a
refractive index somewhat higher than that of glass but less
than that produced by Solution #155 alone.
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