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ABSTRACT  

Previous work reported in literature►  indicates 

that commercial sunscreen compounds were subject to break-

down on exposure to ultraviolet radiation with consequent 

change in their functional efficiencies. 

These findings ware retested under conditions 

more closely approximating actual usage. 

A new method of evaluation which closely correlates 

to actual experience in large scale usage, was applied. This 

method provides, from simple spectral data, a reliable index 

of physiological efficiency of the sunscreen compound. As 

a result, twelve commercial sunscreen compounds were exposed 

to ultraviolet radiation for varying periods. Analysis 

indicated that, contrary to the previous reports, no 

significant Changes in physiological efficiency occurred. 
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FUNCTIONAL STABILITY OF SUNSCREENS  

INTRODUCTION 
Cosmetically acceptable sun tan preparations have two major 

functions to perform. The most important is to protect the user 

against the burning, blistering, injurious effects of prolonged 

exposure to sunlight. The second function is to permit the most 

rapid possible development of skin pigmentation, or tan. 

The essential ingredients in sun tan preparations comprise 

either single chemical compounds or mixtures which have the property 

of absorbing the ultraviolet radiation which is responsible for the 

syndrome of sunburn. Such materials, the sunscreens, have been 

offered to cosmetic manufacturers for many years, and there are 

screens available which have, through years of successful commercial 

use, proven their value. It has been difficult, however, to evaluate 

screening materials with any degree of certainty without resort to 

skin tests either under an ultraviolet lamp or in actual field use. 

Skin tests themselves are not under perfect control, nor are 

they accurate, unless factors inherent to any in vivo testing are 

taken into account. Lamp tests indeed give a false picture of the 

efficacy of a sun tan preparation. The distribution of energy through 

the near ultraviolet varies drastically from lamp to lamp, and none 

of them duplicate or even closely approximate the energy and wave-

length distribution of natural sun and skylight (>g. 1). The 

evaluation afforded by a lamp test is only a rough approximation of 

the results to be expected in actual use. 



Fig. 1 Energy Distribution in Ultraviolet Lamps 



Possible variations introduced into tests employing human subjects 

render these tests difficult to evaluate. Individual response to 

irradiation varies widely with type of complexion, age, physical condi-

tion and previous history of the individual, and with the locus of 

the test area on the body. To draw valid conclusions under such 

circumstances requires the tester to employ large numbers of test subjects, 

and to treat the data resulting to rigid statistical analysis. 

Use tests under the sun are still further complicated by daily 

variation in sunlight and atmospheric conditions, by lack of control 

over the subjects' method of application of the test preparation and 

of the subjects' subsequent activities during the test period. 

In general, fairly good data can be obtained through field tests 

only by the use of large numbers of subjects. This is an expensive 

and time-consuming procedure at best it the results are to have any 

validity at ell. Furthermore, field testing can be carried on only 

during a relatively short period of the year unless it is done in semi-

tropical location: Florida, Arizona, or similar locales. 

Within these limitations, not always realised or taken into account, 

field testing under the sun remains the primary and best method for sun 

tan evaluation. However, the need for a reliable instrumental test, in-

dependent of climatic or individual physiological differences is readily 

appreciated. Such a7.4test is provided by spectrophotometric determination 

of the screening powers of the sun tan preparations. Spectrophotometric 

measurements have been used to supply data on the effective screening 



powers of various sunscreens. The usual form of such data is the trans-

mission curve showing per cent of transmission of ultraviolet radiation 

as a function of wavelength. 

Three typical examples of such data are shown in Figure 2. Special 

short-path sample holders were used to approximate the film thickness of 

each wan tan preparation which would be found on the skin. The prepara-

tions differ in concentration, but the fact that any volatile solvent 

would soon disappear from the skin is completely neglected. This will, 

of course. result in changes in both film thickness and concentration on 

the skin. To determine the moat efficient screen of the three presented 

is not a simple matter. 

Preparation C shows greater transmission, of ultraviolet than do 

either A or B in the 3000-3150 A.U. range'. However. it shown 

considerably lose transmission from about 3150 to 3500 A.U. The lattor band has 

an appreciable erythematogenic effect. The data presented does not aid 

in evaluating whether the lower transmission of 0 between 3150 and 3400 

A.U. will offset the greater transmission between 3000 and 3150 A.U. 

Preparations B and C show on the curve zero percent transmission 

between 3000 and 3100 A.U. This is not actually zero. for should n 

further dilution be made of the test solution, it would be found that the 

transmission is measurable. On the curve in Figure 2, it is below 0.1 

per cent transmission and cannot be plotted. How far below the plotting 

these values fall is not shown. 

But beyond these difficulties of representation and interpreta-

tion resides the question: is a measurement on a 0.01 am►  film of a 

*10 A.U. (Angstrom Unit) = 1 Millimicron = 10-7 cm. 



Fig. 2 Comparison of Three Sunscreens 



2 per cent solution of 'reparation C comparable with either a 0.07 mm 

film of a I per cent concentration (Preparation B), or a similar film 

containing a 2 per cent Preparation A? What allowances should be made 

for differences in film thickness, or for changes in concentration? 

The entire analysis requires coneiderable intuitive estimation often 

incorrect. 

This type of presentation has not been capable of satisfactory in-

terpretation to the point where casual writess on the subject now regard 

such curves with complete suspicion. The claim is made that valid evalua-

tions can be obtained only through use tests. This conclusion on the 

part of these experts stems, perhaps, from unfamiliarity with the 

principles of optical measurements, and with the nature of the radiation-

absorption process involved. 

Quantitative Spectrophotometry  

The absorption of radiant energy is governed by laws capable of 

exact mathematical expression. One basis relationship is that of Lambert, 

which may (be written: 

I = To frIt (1) 

where Io  is intensity of radiation entering on an absorbing medium 

is intensity of the radiation transmitted through a 
thickness, t, of the medium, in centimeters 

e is the natural logarithm base 

ii is the absorption coefficient per centimeter 

The absorption coefficient, E is Characteristic of the absorping 

medium and represents the fraction of the entering radiation which is 

absorbed per unit distance traversed. 



This relationship is basic; no exception has ever been found to 

Lambert's Law in any ease ever investigated(1). Prom Lambert's law it 

is apparent that the transmittance factor, I/Io, is independent of the 

absolute value of Io . The fraction of the entering light which is 

absorbed by a layer of the medium t cm thick is independent of the 

intensity of the incident light. Be the light source as powerful as 

the suet  or as weak as hydrogen discharge tube in a spectrophotometer. 

a unit layer of any one material will invariably absorb the earns pro-

portion of the incident light. 

For example, the intensity of sunlight energy of 3500 to 4600 A.U. 

wavelength at aid-day in June is about 10.0 microwatts per square 

centimeter. In the same wavelength range. a hydrogen arc in quarts might 

provide about 0.12 microwatts per square centimeter. An absorbing 

medium with thickness t end transmittance factor equal to 0.0 would 

absorb 1.09 microwatts from sunlight. but only 0.012 microwatts of the 

energy from the hydrogen arc. For successive layers of thickness t of 

this sass medium. the amount of energy transmitted is shown in Table 1. 

Table 1  

Transmitted Energy From Two Light Sources 

Source Sunlight Hydrogen Are 

Io  miorowatts/cm2 10.9 0.12 

Thickness Unit I/10  I Overall 1//0  1 Overall //I°  

let t 0.9 9.1100 .900 0.19100 .900 
2nd t 0.9 8.8290 .110 0.09720 .$10 
3rd t 0.9 7.9461 .729 0.08748 .729 
ITC. 



Bach succeeding layer of thickness t transmits 90 per cent of 

the radiation reaching that layer, independent of the initial intensity 

of the radiation. The transmittance of a screen measured with a weak 

radiation source, as in a spectrophotometer, nevertheless is the same 

transmittance that would be obtained in field tests, with the sun as the 

energy source. 

Lambert's law is applied to pure, homogeneous materials such as 

glass or quarts filters, solid crystals, netts, and so on. When, how-

ever, the absorbing material is a homogeneous solution of different 

kinds of molecules, only some of which are capable of absorbing the 

incident radiation, the mathematical expression for transmittance 

changes to 

I = I 

(2) 

whore a is the concentration of the absorbing species in the solution. 

This may be written in a lorarithmic form instead of as an exponential, 

and the equation bees 

leg (00) 4.1 -Ate (3) 
or 

log "di) a Etc (4) 

The term, log (Io/I) is the optical density, and is related to per 

cent transmission, T, by the equation 

log (10/I) - log (100/T) (5) 

If Eq. 4 is solved for the constant, E, we obtain the expression 

= log (I0/0/tc = log (1000)/tc (6) 



The value of E is independent of the concentration. c, or of the 

thickness of the absorbing layer. t. It is a characteristic of the 

absorbing material, and varies only with the wavelength of the radiation 

being absorbed. 

By use of Eq. 6, it becomes possible to equate measurements made at 

different concentrations, or at different thicknesses of the absorbing 

layers, and thus to obtain useful measurements Of the absorbing character-

istics of any materials. 

Equation 2 is the well known Bouguer-Beer law, which is general in 

its applicability. This relationship is followed by many substances in 

solution, but it is not quite as universal as Lambert's law. Variations 

from constancy of E are observed in certain cases as t or o are varied. 

This is brought about by interactions of the absorbing solute with other 

molecular species present; and the changes are attributable to solvation, 

association, disociation or ionisation of the absorbing molecules. Most 

sunscreens are not subject to these variations, but follow closely the 

Bouger-Beer relationship. Each case must be tested experimentally to 

prove the validity of the relationship. 

Experimental Spectrophotometry  

The measurement of the ratio //I0  is conveniently carried out with 

a modern spectrophotometer such as the Beckman Model DU quartz spectro-

photometer. The screen, or the finished sun tan preparation containing 

it, is dissolved in an ultra-violet-transparent solvent such as methanol, 

isopropanol, cyolohexane or trimethylpentane. Quantitative procedure 

must be maintained throughout the determination in weighings, dilutions 

and transfers which are involved. 



For most finished sun tan preparations it has been found 

convenient to dissolve from 1.0000 to 2.0000 grams of the wan tan 

preparation in 100 ml of the solvent. Dilutions of this stock solution 

in the pure solvent are accurately made at 1:10, 1:100 and 1:1000. 

The transmissions of these solutions are then measured over the desired 

wavelength range, usually 2900 to 4000 A.U. The data obtained from 

such a determination is shown in Table 2. The transmittance ratio, 

I/10 is calculated from the transmission readings obtained; the 

constant, E, is then calculated for each wavelength measured by use 

of equation 6. Once the values of E are established, equation 6 may 

again be used to calculate the per cent transmission for any solution 

of the run tan preparation by substituting the desired values for 

concentration, c, aad film thickness,  t. Alternatively, the absorb-

ance ratio, Io/I, or its reciprocal, the transmittance ratio, can be 

calculated under conditions of equal concentration and equal film 

thickness for any number of materials. On this basis they may be 

compared with each other to determine their relative efficiencies in 

screening out the different wavelengths of ultra-violet light. 

The determination of transmittance ratio values would be sufficient 

to measure relative efficiencies of sunscreens if we were dealing with 

monochromatic radiation. The picture is complicated, however, by the 

broad character of sunlight which extends in the ultraviolet from 2900 

to 4000 A.U. at sea level in midsummer. The intensity of sunlight in 

this rang, varies greatly with wavelength. To complicate the process 

still further, the erythematogenic effect as well as the tanning effect 

of the sun's radiation also varies with the wavelength. These variations 

must be taken into account if an accurate evaluation of sun tan prepare- 



Table. No. 2 

Preparation: Sun Tan "D" 

Solvent: Methanol, Spectre Grade 

Way. Trans- Optical Conc., 
Length mission Density, 0 

MAL %T Log( Q) 0o/1000 
nil. 

Cell 
Thick- 
ness, 
cm. 
t 

Absorption 
 1 Coefficient, 
t x c 

2 

Transmittance 
Factor, 

rito  

2925 69.7 0.1568 o.10253 0.998 9.7830 1.5324 0.0294 
2975 89.3 0.1593 0.10253 0.998 9.7830 1.5568 0.0277 
3025 71.2 04475 0.10253 0.998 9.7830 1.4415 0.0382 
3075 78.0 0.1192 0.10253 0.998 9.71130 1.1649 0.0184 
3125 13.1 0.e830 1.Os83 0.998 0.9783 0.8830 0.1371 
3175 31.8 0.4976 1.0253 0.998 0.97$3 6.4863 0.3264 
3238 55.5 0.2557 1.0252 0.998 0.9783 0.2499 0.6624 
3275 3.2 1.4950 1.0255 3.998 0.9783 0.1461 0.7143 
3325 23.2 0.6350 10.2530 0.998 0.09783 0.0621 0.8666 
3375 43.2 0.3645 10.2530 0.998 0.09783 0.0356 0.9217 
3425 62.4 0.2048 10.2530 0.998 0.09783 0.0200 0.9551 
3478 77.3 0.1118 10.2530 0.998 0.09783 0.0109 0.9756 
3525 87.5 0.0580 10.2630 0.998 0.09783 0.0057 0.9872 
3575 93.3 0.0301 10.2530 0.998 0.09782 0.0029 0.9930 
3625 96.1 0.1173 10.2530 0.998 0.09783 0.0017 0.9960 
3675 97.3 0.0119 10.2530 0.998 0.09783 0.0012 0.9970 
3725 97.7 0.0101 10.2530 0.998 0.09783 0.0010 0.9983 



Table No. 3 

Transmitted Energy through Sun Tan *D", 50 Angstrom Unit Band Width 

Wave 
Length 

15,- 

Transmittance 
Factor, 

1/I0  

Incident 
Nryllsmatal 
Znergy * 

Transmitted 
Zrythemal 
lbergy • 

Incident 
Tanning 
Energy * 

Transmitted 
Tanning 
Energy * 

2925 0.0294 1.1390 0.0334 
2975 0.0277 6.5100 0.1806 
3025 8.0362 18.0000 0.3617 
3075 0.0648 3.5770 0.2447 
3125 0.1371 0.9724 0.1024 
3175 0.3264 0.5670 0.1851 
3225 0.5624 0.456o 0.2559 1.0790 0.6049 
3275 0.7143 0.2800 0.2064 1.0200 0.7286 
3225 0.8666 0.1290 0.1119 0.93.10 0.8111 
3375 0.9217 0.0456 0.0420 0.7980 0.7355 
3425 0.9551 0.6690 0.6390 
3475 0.9756 0.5700 0.5561 
3525 0.9872 0.4880 0.4817 
8575 0.9930 0.4560 0.4528 
3625 0.9960 0.3560 0.3545 
3675 0.9970 0.3100 0.3090 
3735 0.9980 926iXt 0.2595 

Total  23.6850 1.7550 6.9420 5.9338 

% Transmitted z 7.4% % Transmitted = 85.5% 

* 11-titonsicm2x 10 



tions is to be made. 

The Phistological Spectrum of Sunlight 

The total solar radiation reaching sea level varies consider-

ably with a number of factors which include the amount of water 

vapor in the atmosphere, the amount of osone present, the altitude 

of the sun, the geographic latitude at which measurements are 

made, and the local climatic condition (Fig. 3). The ultraviolet 

component of direct solar energy is strongly absorbed by the 

ozone layer in the upper atmosphere. It is also absorbed to a 

certain extent by other atmospheric gases, and by water vapor. 

This, the intensity of the ultraviolet radiation of the sun is 

reduced by cloudiness even more then is visible light. 

Rath of this reduction in intensity of direct radiation le 

due to scattering of the ultraviolet by water droplets, dust end 

so on. The solar energy scattered by the atmosphere is known as 

skylight, and comprises as much as 20 per cent of the total radia-

tion received at sea level. It is the skylight which can account 

for sunburn suffered on cloudy days, or by a person shielded from 

direct exposure to the sun. 

The shorter wavelength radiation is more strongly absorbed 

and scattered than the longer, visible radiation. At sea-level 

the energy of lowest wavelength is about 2900 A.U. As the wave-

length of the radiation increases, atmospheric absorption is less. 

and more energy of longer wavelength is received at sea level. The 

variation in intensity of noonday summer sunlight sad skylight re-

ceived at sea level is shown in !tore 3 as a function of the wave-

length, for 50 A.U. bends. 



Fig. 3 Intensity of Midummer Noonday Sun- & Skylight at Sea Level 



It is this radiant energy in sunlight and skylight which pro-

duces erythema and tanning of human skin. However, the response of 

human skin, aside from individual differences, is not the same for 

all wavelengths, 044.4). Many investigators have shown that the 

maximum erythemal response is elicited by radiation of wavelength 

increases. Thus, equal amounts of energy at 3070 A.U. produces 

only' 0.1 the erythema' response of energy at 2967 A.U.; at 3140 A.U. 

about 0.01, at MO A.U. about 0.001, and at 3400 A.U. only 0.0001 

the erythema response. Thus, 10,000 microwatts of radiation of 

3400 A.U. is equivalent in erythemal effect to 1 microwatt of 

2967 A.U. radiation. 

A unit of erythemal flux has been devised. This unit, the 

E-viton, is equivalent to 10 microwatts per square centimeter of 

radiation of wavelength 2967 A.U. This is a unit of erythema' 

effectiveness which is useable to weight the spectral energy of 

any source in accordance with its orythemal effectiveness at 

different wavelengths. 

The response of the skin to a unit of erythemal flux is 

constant. Thus 10 tritons per square centimeter for one hour 

produces the same response as 5 E-vitons per square centimeter 

for two hours, or 2 E-vitons per square centimeter for 5 hours. 

On this basis also, the effects due to different wavelengths are 

additive. 

The quantitative effects of the E-viton on normal untanned 

average skin have been determined. One E-viton per square centi-

meter for forty minutes produces an MPE (Minimum Perceptible 



Fig. 4 Erythemal Effectiveness of Ultraviolet Radiation to 2970 Angstrom Units 



Erythema). Approximate evaluations have also been obtained for mere 

severe exposures: in terms of E-viton seconds/cm2 these are: 

MPE 2400 
Vivid erythema 4000 
Painful barn 12000 

Blistering burn 24000 

An MPS is produced by exposure to midday summer sunlight on 

average untanned skin in about 20 minutes, the erythemal flux of the 

combined sun and skylight is thus a maximum of 2.0 E-vitons per 

square centimeter. 

There is no similar quantitative relationship developed for 

amount of tanning produced by a given amount of radiation. The 

effectiveness of radiation of c given wavelength to produce pigmenta-

tion hes been determined to be similar to the erythemal effectiveness 

(71g.5). The most effective radiation is that at 2967 A.U. and the 

tanning effectiveness decreases with increasing wavelength in a 

manner similar, if not altogether identical, to that of the erythemal 

effectiveness. At wavelengths above 3400 A.U., tanning is produced 

without perceptible erythema, according to some investigators. The 

quantitative response of the human skin in terms of E-viton seconds 

per square centimeter required to produce a particular depth of 

pigmentation has not, unfortunately, yet been determined. But the 

time-energy equivalence still holds: a deeper pigmentation will be 

developed by any subject as the N-viton second exposure is increased. 

The principle of operation of the sunscreens is to permit an accumula-

tion of E-vitons seconds exposure to radiation of those wavelengths 

that do not produce a significant erythemal response. 



Fig. 5 Tanning Effectiveness of Ultraviolet Radiation to 2970 Angstrom Units 



The difference in response to erythematogenic and to pigmenting 

radiations is physiological: deep ten without erythema can be pro-

duced in a series of spaced exposures, equivalent in E-viton seconds 

to a single exposure that would invariably result in blistering 

sunburn. 

Evaluation of Sun Tan Preparations 

All the factors have, now been developed for making a rigorous 

evaluation of any sun tan preparation. The transmittance factor, 

I/10, determined by spectrophotometric measurement, can be combined 

with the known physiological spectrum of the sun. In this way, both 

the erythema/ end tanning energy which will pass through a given 

screen of given film thickness can be calculated for the spectral 

hand-widths involved. On an absolute basis, the film thickness is 

not essential information; if the film thickness is sat at a constant 

value, equal quantities of different preparations can be assessed 

under temperable conditions of irratiation by sunlight. 

The erythema energy of the sun and skylight in a band of 50 A.U. 

width is obtained from fig. 4. This value, multiplied by the average 

transmittance factor, I/Io , for the screen in this same band, determines 

the transmitted erythema' energy which will reach the skin and result 

in the physiological response. The sum of the transmitted erythema' 

energy values for all the bands in the burning range or the tanning 

range is directly proportional to the amount of erythema or tan which 

will be developed. A sample calculation of this type is shown in Table 3. 



The erythemal and tanning ranges used here are different from 

those previously accepted. The erythemal range is taken from 2900 

to 3400 A.U., rather than ending at 3150 A.U. The values for 

incident erythemal energy in Table 3 indicate appreciable erythemal 

activity for sunlight radiation of 3150 to 3400 A.U. This significant 

amount of erythema' flux should not be neglected in the evaluation. 

Beyond 3400 A.U., the erythema' flux of sunlight falls to lees than 

one part per thousand of the maximum flux. This amount will have 

no significant effect on the total, and can be neglected. 

The tanning range used includes radiation from 3200 to 3750 A.U. 

This includes some radiation with erythema effect, but it represents 

the range in which a maximum of transmission is desired, in order to 

produce the most rapid pigmentation without painful erythema. 

In comparing two or more sun tan preparations, the figures for 

transmitted energies can be used directly to determine which of the 

preparations will provide the better protection and which will permit 

more rapid pigmentation. The best protection is provided by that 

preparation characterised by the lowest transmitted erythema energy, 

and protection is inversely proportional to the amount of transmitted 

energy. Conversely, the best pigmentation rate is provided by the 

preparation which transmits the greatest amount of the incident 

radiation in the tanning range. These values can be most convenient-

ly expressed as per cent of the incident erythema' and tanning energy 

as shown in Table 4. 



Table 4  

Comparison of Sun Tan Preparations 

Basis: Incident Erythema' Energy: 23.61150 microwatts/cm2 
Incident Tanning Basra: 6.9420 microwatts/cm2 

Preparation 

Transmit. Erythemal 
Energy t 

Transmit. 
Tanning Energy 

% Trans - mitted 

D 1.7550 7.41 5.9328 $5.5 
E 2.8100 11.$ 5.7008 $2.1 
7 4.0445 17.1 5.5795 $0.4 
0 0.2143 0.9 3.4125 49.2 
H 1.7923 7.6 4.3924 63.3 
3 3.7109 15.7 4.8491 69.9 

Identification: 

• - Commercial hydroalcoholic lotion, Screen 1 
E - Commercial aerosol, Screen 2 
7 - Commercial oily lotion. Screen 3 
O - Commercial emulsified lotion, umbrella-type, Screen 4 

H - Commercial emulsified lotion, normal type, Screen 4 
• - Commercial hydroalcoholic lotion, normal type, Screen 5 

Prom Table 4. the following analysis can be made: 

Preparation 0 offers the best protection in both the erythema 

and tanning ranges. It is a good umbrella-type preparation. 

However, when the screen concentration is reduced for a normal sun tan 

preparation in Preparation H, the protection against erythema is 

very good, but the tanning rats is very poor compared. for example. 

to Preparation D. Thus the screen used in 0 is not well balanced 

for normal use. 

Optimum tanning rate and good protection are both afforded by 

Preparation D. The aerosol, E, also gives good protection and good 

tanning. Preparation P gives poor protection, less than half that 

afforded by an equal amount of B, but the tanning rate is adequate, 



though less than that with either D or E. Preparation J affords 

poor protection and very poor tanning rate. The screen used here 

is entirely out of balance, giving too little absorption in the 

erythema range, and by far too much in the tanning range. 

This evaluation is relative and does not indicate the absolute 

value of any one preparation as far as the protective function is 

concerned. No assumption was made in the evaluation of the actual 

film thickness of the preparation used on the skin. Consequently, 

from the data presented, it is not possible to calculate the number 

of triton seconds of erythemal flux which would be accumulated with 

a given exposure. Past experience with one of the preparations 

permits a close estimate of the absolute values to be made. 

Preparation D has been in use fer many years, with several 

Killion packages sold each year. It is known through experience 

with this material that a single application on average untanned 

skin will provide protection from a painful burn over a continuous 

220 minute exposure at mid-day, during midsummer. A vivid erythema 

usually results, but this is not painful, and fades within 12 to 

24 hours into a tan. (8) 

Since the response of the skin is constant to a given amount 

of erythema flux accumulated in a single exposure, the maxims safe 

exposure times can be estimated fora number of preparations from the 

relative amounts of erythemal energy transmitted. This estimation may 

be made from the equation: 

Max. Safe Exposure = 220 x(7.41/% Pry. Energy Transmitted) (7) 



In this way the preparations listed were evaluated as shown 

in results summarized in Table 5. On the basis of several years 

Table 5. 

Maximum Safe Exposure with Single Application of 
Sun Ten Preparations 

Preparation Max. Safe Exposure 

Minutes 
P 220 
F 138 

r 95 
G 1811 
H 215 
J 105 

of experience with sun tan preparations containing en amount of Screen 2 

equal to that present in the aerosol, Preparation 1, it has been found 

that the observed results agree within a few minutes with the calculated 

result presented. 



LITERATURE REVIEW 

Since about 1934, sun ten preparations have been introduced to 

the public for sunburn protection end tanning. Data has been compiled 

concerning the active ingredients in these preparations directly re- 

sponsible for wan-tan, the sun screens. Kumler & Daniels (7) present 

the "Sunburn Curve". a region whose ranges are from 2900 to 3260 

Angstroms. They describe the characteristics of an "ideal" sunscreen. 

Giese et al (5) and Pernich(6) have studied the transmission and 

absorption spectra of any sunscreens used in suntan preparations. 

Pernich(6) illustrates the correlation of o/e Transmission with wave-

length with dilutions of 0.01%, 0.1% and 0.5% sunscreen and lists 

nine °efficient° sunscreens based on this correlation. Giese et al (5) 

tabulate "Families of Sunscreens" and describe absorption spectra of 

representative screens of each family. Concentration of sunscreens 

varied from 1 x 10 .% to 1 x 10 -1%. Extinction coefficients based 

on the Lambert-Beer law were presented. The esters of p-aminobenzoic 

acid appear to have the highest extinction coefficients of the com- 

pounds studied. In this work, the absorption spectra are evaluated 

graphically by wavelength vs. Density, where density is related to the 

extinction coefficient, E. by the equation I = D/et, C = concentration 

in mole/liter And t the thickness of the absorbing layer in centimeters. 

In none of these studies, however, is there date on the stability 

of the sunscreen compounds upon irradiation. 



deNavarre(3) refers to '4. report by Ohlsson as to the loss of 

absorption of some compounds after five minutes exposure to solar 

ultra-violet radiations. The author also mentions the breakdown of 

menthyl salicylate, menthyl anthranilate and aesculin on irradiation. 

Christensen & Giese(4) determined the photosensitivity of 

some representative sunscreens and measured the changes in their 

absorption following irradiation. They graphically represent the 

Density vs. wavelength of eleven sunscreens after irradiation by a 

G. E. Sunlamp. There is listed fifteen compounds and the effect of 

2 hour exposures, ranging from a great decrease in the case of 

benzalacetophenone to no or little Change in 

Ethyl-p-dimethylamino-benzoate to a great increase in aml salicylate. All concentrations 

were at 0.001% in alcohol in water. 



EXPERIMENTAL DATA AND PROCEDURES  

Materials Used: 

Ultra-violet source - Hanovia Alpine Mercury Arc, Low 

Pressure. Type L794, equipped with a mercury 

burner (5" long x 3/4" diameter), end a Corex D 

Filter. Approximate output over range of 2800 

to 4000 Angstrom Units is equal to 1225 - 1300 

m/c4e/cm2. 

Container for sunscreen Pyrex weighing dish, 2° 

diameter, with ground glass eover, the top of 

which was removed and in its place, with de- 

Khotinsky cement, was attached a quartz plate, 

2 mm 

Measuring Apparatus - Beckman Model DU Quartz Spectro-

photometer with Corex cuvettes, 0.997 and 0.99$ am 

cell thicknesses. 

Sunscreen Compounds - 

Glyceryl para aminobenzoate 

Isobutyl para-aminobenzoate 

Homomenthyl Salicylate 

Ethyl para Dimethylamino benzoate 

Phenyl Salicylate 



Materials Used; 

Sunscreen Compounds - (Continued) 

Glyceryl Salicylate 

"Giv-Tan" (probable coumarin derivative) 

Hydroquinone 

Tannic Acid 

Ethyl p-(Glucocyl-imino) Benzoate 

Sodium parm-Aminobenzoate 

Suntan $754* (Proprietary mixture of benzyl 
cinnamate and bensyl salicylate) 

Solvents - 

Distilled water and Methyl Acohol, Spectra Oracle 

Glassware - 

Pyrex volumetric flasks, 100 ml. capacity; 5cc 

and 10 cc volumetric pipettes. 

PROCEDURE: 

All sunscreens were made up to 2.0% solution in Methyl Alcohol 

and/or distilled water. A 5cc aliquot was then placed in the special 

glass container and the top of the dish sealed on with silicone 

grease. The container was then placed on a sheet of black paper 

under the Mercury Arc Lamp at a distance of 12 inches below the 

Corex D Filter. (The intensity of this lamp is approximately 1/16 

that of sunlight necessary to produce a Minimum Perceptible Erythema) 

The sample was then irradiated for three hours*. Since the tempera-

ture of the solution never rose above 30° C, thermal effects are 

neglected. 

* A sample of glyceryl para-aminobenzoate was irradiated for 12 hours Aso. 



A 1-gram sample was then weighed quantitatively into a 

100 ml volumetric flask and diluted to mark with methyl alcohol 

(or distilled water). Dilutions are quantitatively made. at 1:10, 

1:100 and 1s1000. The transmission of these solutions are than 

measured over a wavelength range of 2250 to 4000 Angstrom Units. 

The Optical Density (leg (.4 ) is calculated and the Extinction 

Coefficient, E, is determined. A graph may then 'be drawn 

correlating Log 8 with wavelength. 

A 1-gram sample of the 2.0% stook solution is then measured 

in the same manner as a control. 

The % Transmitted Erythemal Energy and % Transmitted Tanning 

Energy may then be calculated and evaluated. 



SUMMARY OF RESULTS  

Sunscrean  
Time 

Exposed, hrs.  
% Ultraviolet 
2925-3375iyto  

Transmitted 
1225-3725* 

Glycoryl para-aminobenzoate 0 4.5 83.2 
3 4.2 83.1 

12 2.9 77.4 

Isobutyl para-aminobenzoate 0 4.4 92.0 
3 4.4 92.1 

Hydroquinone 0 37.1 99.8 
3 33.7 98.1 

Glycaryl Salicylate 0 26.8 87.0 
3 23.9 83.7 

Tannic Acid 0 30.6 96.6 
3 33.1 95.9 

"Giv-Tan" 0 0.3 43.4 
3 1.0 46.6 

Ethyl para-dimethylaminebenzoate 0 0.45 49.8 
3 0.47 73.0 

Sunscreen "75-A"  0 31.0 92.4 
3 35.8 92.0 

Ethyl p-(gluconylimino)benzoate 0 12.6 984 
3 10.3 97.7 

Homomenthyl Salisylate 0 35.2 91.6 
3 38.7 88.9 

Phenyl Salicylate 0 30.4 78.7 
3 29.3 86.7 

Sodium pare-aminobenzoate 0 55.4 99.7 
3 54.4 98.9 



Discussion of Results  

Any previous studies made concerning the stalibility of 

sunscreen compounds use a dilution of 0.5-0.001% sunscreen. The 

reason given for the use of low dilutions is that of avoiding any 

inaccurate spectral measurements resulting from molecular associa-

tion at high concentrations. However, the use of 2.0% sunscreen as 

the stock solution store closely approaches actual in vivo testing. 

The volatile solvent of the screen vehicle evaporates rapidly when 

placed on the skin, leaving a residuum of the non-volatile screen. 

Thus, the material which actually accomplishes screening is present 

in the film at concentrations approaching pure sunscreen. Should the 

sunscreen be subject to molecular association at these higher con-

centrations, it is the screening action of the associated molecules 

which must then be evaluated. Thus, a 2.0% initial concentration 

will more closely approach the actual condition of sunscreen on the 

skin in practical usage. 

The salicylates, hydroquinone, and tannic acid, are usu-

ally-used in concentrations of 8.0% to 15.0% in °finished" cosmetic 

suntan preparations. Although these compounds were need at 2.0% 

concentrations in this study, the use of L, the Extinction Coefficient, 

precludes the need for any particular concentration used, the only 

variation occurring is a raising or lowering of the curve as drawn, 

depending on the concentration used. Thus, a valid comparison is 

possible among sunscreens, regardless of concentration. 

All of the sunscreens tested appear to be basically 

stable to ultra-violet light with only minor variations appearing. 

Twelve hours expesure of glycoryl para-aminobenzoate produces 

relatively little change, 1.6%, in transmission through the "burning" 



range as compared to the non-irradiated sample, and. even this 

change is au increase in absorption. Sines the radiant energy 

given off by the test lamp is equivalent to 16x the ultra-violet 

energy( energy measured at noon on a rummer day) given by sunlight 

to the skin, the three-hour test exposure actually simulates 4$ 

hour■ of sunlight. Since there is no apparent degradation of sun-

screen in this period, the presence of any of the listed sunscreens 

on the skin for a period of eight hours at a suitable concentration, 

still allows for a large safety factor of protection. 

It thus follows that any initial testing of the 

listed sunscreens will give a result essentially the same as any 

testing done during exposure. 



Fig. 6 Glyceryl para-aminobenzoate 



Table 10. 6 

Preparation: Glyceryl para-aminobenzoate non-irradiated 

Solvent: Methanol, Spectro Grade 

tiro 

1!/44" 

Trans- Optical Conc., Q11 
sifts  D.*etti, 0 

% T Libeir) aidlepo on. 
a 9 
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41 

flea 
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1 PI% 

le: -i.e I'r- v<< -1 \ r --eit. c - i- -, air s‘:. 'I - /. Y ii (-' 4-,f - -''.- '.. 1 .% Ae.-  --:dv140 

2260 11.0 0.9590 1.1113 6.998 0.9016 6.4646 -0.6632 
2300 10.8 0.7030 1.1113 0.998 0.9016 0.6338 -0.1981 
2350 44.3 0.3536 1.1115 0.998 0.9016 0.3188 -0.4165 
2400 684 0.1614 1.1113 0498 0.9014 0.1459 .04360 
2450 67.0 0.1488 1.1113 0.99$ 0.9016 0.1622 -0.1176 
2500 54.3 0.2602 1.1112 0.991 0.9016 0.2291 .0.1214 
2540 37.4 0.4271 1.1113 0.998 0.9016 0.8851 -0.4142 
2600 21.3 0.6720 1./125 0.09$ 0.9016 0.6059 -0.2176 
2410 10.1 0.9960 1.1115 0.998 0.9016 0.8980 4.0467 
2700 76.3 0.1186 0.11113 0.996 9416 1.0093 0.0290 
2760 70.0 0.1E49 0.11113 0099$ 9.016 1.3016 0.1461 
2400 64.8 0.1804 0.11113 0.996 9.016 1.1981 0.2302 
2836 60.6 0.2175 0.11113 0.99$ 9.016 1.9610 0.2925 
2900 57.8 0.2381 0.11115 0.09$ 9.016 2.1467 0.5316 
2925 57.2 0.2426 0.11115 0.991 9.016 2.1873 0.3298 
2975 56.8 0.2457 0.11113 0.098 9.016 2.2112 0.3454 
3025 60.9 0.2114 0.11113 0.998 9.016 1.1420 0.2840 
3075 68.0 0.1675 0.11113 0.998 9.016 1.5102 0.1790 
3126 77.3 0.1114 0.11113 0.990 9.014 1.0080 0.0334 
3173 80.1 0.6970 1.111Z 0.998 0.9016 0.6284 -6.2018 
3225 4E1 0.5655 1.1112 0.99$ 0.0016 0.3295 "G.4421 
3275 66.0 0.1090 1.1118 0.992 0.9016 0.162Y -0.7984 
3325 14.7 04330 11.113 0.997 0.09016 0.07019 -1.1238 
3370 36.2 0.4413 11.122 0.997 0.00016 0.03983 4.4098 
3425 37.9 4.2226 11.115 0.997 0.09016 0.02009 -1.0970 
3475 75.9 0.1198 11.112 0.997 0.09616 0.01081 4041.0462 
3625 118.4 0.0156 11.113 0.997 0.09016 0.004868 4.3155 
3675 95.0 0.0223 11.115 0,997 0.094116 0.002013 -2.6962 
3625 96.1 0.0080 11.113 0.097 0.09016 0.000740 -3.1235 
3675 92.3 0.0030 11.113 0.997 0.09016 0.000271 -3,5670 
3725 90.3 0.0030 11.115 0.99? 0.09016 0.000211 -3.5670 
5750 99.3 0.0030 11.113 0.997 0.09016 0.000271 4.5670 
3800 99.3 0.0030 11.113 0.997 0.09016 0.000271 -3.5670 
3860 99.3 0.0080 1.1.113 0.997 0.09016 0.000271 -3.5870 
5900 99.5 0.0030 11.113 0.997 0.09016 0,000271 -3.5670 
3060 99.3 0.0030 11.113 0.997 0,09016 0.000271 -3.5670 
4000 99.3 0.0030 11,113 0.997 0.09011 0.000271 -3.5470 



tale No. 7 

Preparations Olyoeryl para-mminobonsoato nou-irradiato4 

Ware 
lowneth 

1!"  

Irtinstion Incident 
Coeitieiinii, arythanal 

kora * 
2 

Traumata 
207thona1 
rawer a 

/noidont 
Tamaiag 
bora 

Traumata 
Taming 
laora 

2925 2.1673 1.1300 0.0074 
2975 2.2152 6.8100 0.0396 
3025 1.9420 10.0040 0.1143 
3075 1.5102 3.5770 0.1105 
3125 1.0000 0.9724 0.0945 
2175 0.6264 0.5670 0.1334 
3206 0.3295 0.4550 0.2121 1.0720 0.5054 
3275 0.162/ 0.2890 0.1986 1.0200 0.7015 
3325 0.0751, 0.1290 0.1094 0.9360 0,1846 
3375 0.03983 04499_ 0-9416 0.7980 0.1291 
3425 0.02009 0.1490 0.63,0 
3475 0.01091 0.5700 0.5556 
3525 0.004630 0.4580 0.482? 
3570 0.002018 0.4560 0.4537 
3635 0.000749 0.3560 0.3550 
3675 0.000871 0.3100 0.3100 
23725 0.000271 072$0, 0 0.2400 

Total..23.6,50 1.0624 6.9420 8.7782 

%transmit 4.5% % Traumata. * 93. 

* 2-witon on2 x 10 



Table No. 8 

Preparation: Glyceryl Para-aminobenzoate Irradiated B hrs. 

Solvent: Methyl Alcohol, Spectre Grade 

Wave Trans- Optical 
Length mission Density, 

M,4. 0 Log( f) 

cone., 
C 

fa/1000 
ml 

0.11 
Thick- 
nose, 
as 
t 

3.  
t x 0 

Almorption 
Coefficient, 

2 
Log 21% 

lea 

2250 10.0 1.2000 1.0894 .996 0.9198 0.0198 -0.03631 
2300 19.8 .7030 1.0894 .998 0.9198 .6466 -0.19936 
2350 45.2 .3449 1.0894 .998 0.9198 .3172 -0.49867 
2400 68.8 .1624 1.0894 .998 0.9196 .1494 -0.82565 
2450 67.11 .1888 1.0894 .998 0.9198 .1553 -0.80183 
2500 53.7 .2700 1.0894 .998 0.9198 .2485 -0.60502 
2550 36.4 .4389 1.0194 .998 0.9198 .4007 -0.39394 
2600 20.9 .6400 1.0894 .998 0.9198 .6255 -0.20377 
2650 10.0 1.0000 1.0824 .99$ 0.9198 .9196 -0.03651 
2700 76.0 .1192 0.10894 .998 9.198 1.0964 0.03981 
2750 69.1 .1511 0.10894 .995 9.198 1.4358 0.15715 
2800 64.4 .1444 0.10994 .998 9.198 1.7329 0.23010 
2050 60.5 .2182 0.10894 .998 9.198 2.0070 0.30255 
2900 57.9 .2373 0.10894 .998 9.196 2.1127 0.33905 
2925 56.8 .2457 0.10694 .998 9.196 2.2899 0.34610 
2975 56.8 .2467 0.10894 .998 9.198 2.2599 0.22419 
3025 60.2 .2204 0.10824 .998 9.198 2.0212 0.30685 
3075 66.9 .1746 0.10894 .998 9.196 1.6060 0.20575 
3125 77.0 .1135 0.20494 .444 9.190 1.0440 0.01870 
3175 19.4 .7120 1.0994 .998 0.9198 0.6549 -0.11322 
3225 44.0 .3565 1.0894 .991 0.9198 .8979 -0.411426 
3275 65.9 .1811 1.0894 .998 0.9198 .1666 -0.77832 
3325 15.3 .8150 10.894 .997 0.0921 .07506 -1.12488 
3375 35.2 .4535 10.894 .997 0.0921 .04177 -1.37914 
3425 57.2 .2426 10.894 .997 0.0921 .0222 -1.65169 
3475 75.1 .1244 10.994 .997 0.0921 .01146 -1.94081 
3525 88.2 .0546 10.894 .997 0.0921 .006019 -2.29938 
3575 94.6 .0241 10.894 .997 0.0921 .00222 -2.65265 
3625 98.0 .0008 10.894 .997 0.0921 .000810 -3.09151 
3675 99.1 .0029 10.804 .997 0.0921 .000359 -3.44466 
2725 99.1 .0039 10.894 .997 0.0921 .000069 -3.44466 
3750 99.1 .0039 10.894 .997 0.0921 .000369 -3.44466 
3800 99.1 .0039 10.894 .997 0.0921 .000369 -3.44466 
2850 99.1 .0059 10.894 .997 0.0921 .000359 -3.44466 
$900 99.1 .0039 10.694 .997 0.0923. .000359 -3.44466 
3950 99.1 .0039 10.894 .997 0.0921 .000259 -3.44466 
4000 99.1 .0039 10.194 .997 0.0921 .000359 -3.44466 



Table No. 9 

Preparation: Glyceryl para-aminobenzoate irradiated 3 hours 

Solvent: Methyl Alcohol, Spectro Grade 

Wave 
Length 

/IA' 

Extinction 
Coefficient, 

E 

Incident 
Erythema' 
Energy * 

Transmitted 
Erythema' 
Energy * 

Incident 
Tanning 
Energy * 

Transmitted 
Tanning 
Energy * 

2925 2.2599 1.1390 0.0063 
2975 2.2599 6.5100 0.0358 
3025 2.0272 10.0000 0.0918 
3075 1.6060 3.5770 0.0886 
3125 1.0404 0.9734 0.0879 
3175 0.6549 0.5670 0.1255 
3225 0.3279 0.4550 0.2139 1.0790 0.5073 
3275 0.1666 0.2890 0.1970 1.0200 0.6953 
3325 0.07506 0.1290 0.1084 0.9360 0.7866 
3375 0.04177 0.0456 0,0415 0.7980 0.7255 
3425 0.02330 0.6690 0.6353 
3475 0.01146 0.5700 0.5553. 
3525 0.005019 0.4880 0.4822 
3575 0.002220 0.4560 0.4537 
3625 0.000810 0.3560 0.3556 
3675 0.000359 0.3100 0.3100 
3725 0.000359 0.2600  0.2600  

Total.... 23.6850 0.9967 6.9420 5.7666 

% Transmitted * 4.2% % Transmitted im,  83.1% 

* D-vitans/cm2 x 10 



Table No. 10 

Preparation: Glyceryl Para-aminobenzoate Irradiated 12 hrs. 

Solvent: Methyl Alcohol, Spectro Grade 

Wave 
Length 

= 

Trans- 
mission 

0 

Optical 
Density, 

Log (0) 

Conc., 
c 

OM/1000 
al 

Cell 
Thick- 
ness, 

ea  
t 

3.  
t X C 

Absorption 
Coefficient, 

Z 

1% 
Log X 

len 

2250 58.3 .2342 0.10466 .998 9.556 2.2390 0.35005 
2300 65.2 .1858 0.10486 :9M-  9.556 1.7755 0.24944 
2350 27.8 .5560 1.0486 .998 0.9556 0.5313 -0.27466 
2400 50.2 .2993 1.0486 .998 0.9556 0.2860 -0.54263 
2450 50.2 .2993 1.0486 .990 0.9556 0.2860 -0.54362 
2500 38.0 .4202 1.0486 .996 0.9556 0.4015 -0.39631 
2550 84.2 .0747 0.10486 .998 9.556 0.7128 -0.15255 
2600 76.8 .1146 0.10486 .998 9.556 1.0951 0.03941 
2650 67.2 .1726 0.10486 .998 9.556 1.6494 0.21722 
2700 57.6 .2396 0.10406 .998 9.556 2.2896 0.35984 
2750 48.9 .3107 0.10486 .998 9.556 2.9690 0.47261 
2800 43.8 .35655 0.10486 .998 9.556 3.425S 0.5.1479 
2850 39.5 .4034 0.10486 .998 9.556 3.8549 0.58632 
2900 37.9 .4214 0.10486 .998 9.556 4.0269 0.60498 
2925 37.6 .4248 0.10486 .998 9.556 4.0594 0.60842 
2975 34.2 .4179 0.10486 .998 9.556 3.9935 0.60140 
3025 42.5 .3716 0.10486 .998 9.556 3.5510 0.55035 
3075 52.1 .2822 0.10416 .998 9.556 2.7063 0.43223 
3125 64.8 .1884 0.10486 .998 9.556 1.6004 0.25527 
3175 10.3 .9630 1.0486 .996 0.9556 0,9202 -0.03612 
3225 32.8 .4841 1.0486 .998 0.9556 0.4626 -0.32479 
3275 56.0 .2518 1.0486 .998 0.9556 0.2406 -0.61870 
3325 72.8 .1379 1.0486 .998 0.9556 0.1318 -0.88008 
3375 25.0 .6020 10.486 .907 0.09565 0.0576 -1.23958 
3425 42.5 .5716 10.486 .997 0.09565 0.0355 -1.44977 
3475 68.5 .1642 10.446 .997 0.09565 0.0157 -1.60410 
3525 84.0 .0757 10.486 .997 0.09565 0.00724 -2.14026 
3575 92.2 .0353 10.486 .997 0.09565 0.00338 -2.47108 
3625 96.2 .0168 10.486 .997 0.09565 0.00161 -2.79317 
3675 97.9 .0092 10.486 .997 o.0t8tat5 11000880 -3.05552 
2725 98.5 .0066 10.406 .997 0.09565 0.000631 -3.19997 
3750 98.8 .0052 10.486 .9C7 0.00Z2: 0.000497 -3.30364 
3800 98.8 .0052 10.466 .997 0.09565 0.000497 -3.30364 
3850 98.9 .0052 10.486 .997 0.09565 0.6100497 -3.30364 
3900 99.2 .0035 10.486 .997 0.09565 0.000335 -3.47495 
3950 99.2 .0035 10.486 .997 0.09565 0.000335 -3.47495 
4000 99.2 .0035 10.486 .997 0.09565 0.000335 -3.47495 



Table No. 11 

Preparations Glyceryl para-mmtimmtenaoate irradiated 12 bourn 

Solvents Methyl Alcohol, Spectra Grade 

Nave 
Length 

r 

Extinction 
Coefficient, 

X 

aidsnt nags .tted 
yth ia3, ythemal 

* CY * 

Incident 
Tanning 

* 

Transmitted 
Tel/ling 
Energy * 

2925 4.0594 1.1390 0.0001 
2975 3.9935 6.5100 0.0007 
3025 3.5510 10.0000 0.0028 
3075 2.7063 3.5770 0.00070 
3125 1.8004 04734 0.1540 
3175 0.9202 0.5670 0.0681 
3225 0.4626 0.4550 0.1567 1.Q790 0.3717 
3275 0.2406 0.2890 0.1660 1.0200 0.5859 
3325 0.1318 0.1290 0.0952 0.9360 0.6908 
3375 0.0576 0.0456 Q.0199 0.7980 0.6988 
3425 0.0355 0.6690 0.6166 
3475 0.0157 0.5700 0.5497 
3525 0.00724 0.4880 04803 
3575 0.00338 0.4560 0.4528 
3625 0.00161 0.3560 0.3549 
3675 0.00088 0.3100 0.3097 
3725 0.000631 0.2600 0.2597 

Total... 23.6850 0.6905 6.9420 5.3709 

% Transmitted go 2.9% % Transmitted 77.4% 

* re.vitions/an2  x 10 



Fig. 7 Ethyl para-dimethylaminobenzoate 



Table No. 12 

Preparations Ethyl Para-dimethyl aminobenzoate Non-irradiated 

Solvent: Methyl Alcohol, Spectro Grad. 

Wave Trans- 
Length mission 

14,90 filf 

Optical 
Density. 

L. ( 

Conc., 
C 

08/1000 
ml 

Cell 
Thick- 
nees, 
cm 
t 

1  
t 2 0 

Absorption 
Coefficient, 

2 
Log ill' 

lam 

2250 12.5 ,9030 1.030 .998 1.0279 0.8705 -0.05628 
2300 11.8 .9260 1.030 .996 1.0279 .9029 - .04456 
2350 17.9 .7470 1.030 .998 1.0279 .7269 - .13858 
2400 35.0 .4559 1.020 .99$ 1.0279 .4435 - .35311 
2450 55.6 .2534 1.030 .998 1.0279 .2445 - .60810 
2500 63.7 .1959 1.030 .990 1.0279 .1906 - .71988 
2550 67.8 .1648 1.020 .998 1.0279 .1642 - .76463 
2600 62.6 .2034 1.030 .998 1.0279 .1979 - .70355 
2650 49.5 .N354 1.030 .998 1.0279 .2971 - .52710 
2700 31.2 .5058 1.030 .998 1.0279 .4921 - .307145 
2750 16.2 .7900 1.030 .998 1.0279 .7686 - .11430 
2800 78.8 .1035 0.1030 .998 0.1027 1.0070 0.00200 
2850 70.1 .1543 0.1030 .998 0.1027 1.5012 0.17836 
2900 63.8 .1952 0.1000 .990 0.1027 Logi 0.27653 
2925 60.2 .2204 0.1030 .99$ 0.102

2
7
y  2

2
.1443 0.33123 

2975 54.0 .2676 0.1030 .998 0.1027 2.6035 0.41564 
3035 48.0 .3180 0.1030 .998 0.1027 3.1016 0.49164 
3.375 45.8 .3391 0.1020 .998 0.1027 3.2991 0.51838 
3125 45.5 .3420 0.1030 .998 0.1027 3.2273 0.152205 
3175 50.0 .3010 0.1030 .998 0.1027 2.9204 0.46657 
3225 59.9 .2226 0.1030 .996 0.1027 2.1657 0.33666 
3275 73.2 .1385 0.1020 .998 0.1027 1.3183 0.11992 
3325 22.3 .6560 1.030 .998 1.0279 0.6362 -0.19504 
2075 54.0 .2676 1.020 .996 1.0279 0.2603 -0.58453 
3425 18.2 .7400 10.30 .997 10.269 0.0721 -1.14208 
3475 59.3 .2269 10.30 .997 10.269 0.0221 -1.65561 
3525 85.2 .0696 10.30 .997 10.269 0.00678 -2.16877 
3575 94.2 .0260 10.7.0 .997 10.269 0.00253 -2.59648 
3625 96.5 .0164 10.30 .997 10.269 0.00160 -2.79598 
3675 97.8 .0105 10.30 .99? 10.269 0.00102 -2.99140 
3725 98.0 .0088 10.30 .997 10.269 0.000457 -3.06702 
2750 98.5 .0066 10.00 .997 10.269 0.000643 -3.19179 
3800 98.5 .0066 10.20 .997 10.269 0.000643 -2.19179 
3850 98.7 .0057 10.50 .997 10.269 0.000552 -3.25006 
3900 96.7 .0057 10.39 .997 10.269 0.000552 -3.25806 
8950 95.7 .005? 10.20 .997 10.269 0.000552 -3.25804 
4000 99.1 .0009 10.30 .997 10.269 0.000350 -3.42022 



Table No. 13 

Preparation; Ethyl para-dimethylaminobenzoate non-irradiated 

Solvent: Methyl Alcohol. Spectro Grade 

Wave 
Length 

ate. 

Extinction Incident 
Coefficient, Ez7thasal 

Energy 
E 

Inoident 
Tanning 
Energy * 

Trivassitted 
Tanning 
Energy. * 

2925 2.1443 1.1390 0.0082 
2973 2.6033 6.3100 0.0162 
3023 3.1016 10.0000 0.0079 
3073 3.2991 3.3770 0.0018 
3125 3.3273 0.9734 0.0005 
3175 2.9284 0.5670 0.0007 
3223 2.1657 0.4550 0.0031 1.0790 0.7365 
3275 1.3183 0.2890 0.0139 1.0200 0.4901 
3325 0.6382 0.1290 0.0297 0.9360 0.2153 
3375 0.2603 04)454 9,4150 0.7980 0.4382 
3425 
3475 

0.0721 
0.02a 

0.6690 
0.5700 

0.5669 
0.503 

3525 0.00678 0.4880 0.4808 
3575 0.00253 0.4360 0.4533 
3625 0.00160 0.3360 0.3342 
3675 0.00102 0.3100 0.3094 
3725 0.000857 0.2600 0.097 

Total.... 23.6830 0.1070 6.9420 4.8462 

% Transmitted is 0.43% % Transmitted I" 69.0 

* EP"VitMaliaM2 X 10 



Table No. 14 

Preparation: Ethyl Para-Dimethylaminobenzoate Irradiated 3 hrs. 

Solvent: Methyl Alcohol, Spectre grad* 

Wave Length 

Mr 
 _ 

02 

t 

Log an/1000 
n1  

en 
noes.  

t x 

Aboo 
Oman.*lon 

1 Log 111 

8.50 1.0706 1.1687 .998 1.1A4 0.9174 -0.04425 
2500 1.83 1.0540 1.1687 .998 0.9036 -0.04402 
2350 14.2 .8480 1.1687 .991 1.7.164 0.7270 -0.13147 
2400 50.8 .5114 1.1647 .998 1.1t84 0.43114 -0.35813 
2450 51.6 .2802 1.1617 .291 1..1164 0.2473. -0.6073.3 
2500 61.0 .2147 1.1667 .998 1.l1364 0,1441 -0.73495 
2550 45.0 .1873. 1.1687 .998 0.1601 -0.79480 
2600 59.9 .2226 1.1687 .998 664 0.1908 -0.73942 
2650 41.8 .3487 1.11%7 .998 1.3.664 0.2910 -0.58447 
2700 26.2 .5<130 1.3.187 .990 1.1664 0.4919 -0.20199 
2750 84.5 .0731 0.11617 .991 0.11664 0.6541 -0.14344 
2100 76.1 .1186 0.11607 .994 0.11664 1.0161 0.00752 
2150 48.2 .1662 0.11617 .99$ 0.11664 1.4246 045382 
2900 10.2 .2204 0.11697 .996 0.11664 1.8895 0.27646 
2925 66.5 .2400 0.11667 .998 0.11664 2.1261 0.32766 
8975 50.2 .2993 0.11687 .99$ 0.11644 2.5659 0.40924 
3025 45.0 .3468 0.1114? .991 0.11664 2.9731 0.47230 
$075 41.6 .3'788 041617 .998 0.11164 3.2475 0.51151 
3125 41.1 .2462 0.11687 .091 0.11664 3.3109 0.51996 
3175 40.2 .3354 0.11687 .092 0.11664 2.1755 cam 
5225 56.8 .2457 0.11517 .991 0.11664 24644 0.32341 
3975 71.8 .1439 0.11117 498 0.11664 1.258? 0.08152 
2325 11.8 .7260 1.1687 .998 14664 0.6224 -0.20513 
555 49.$ .3038 1.1617 .994 14644 0.28*6 -0.54569 
$425 3.2.9 .1570 11.487 .997 11.8e3 0.0736 -1.12312 
2475 55.0 .2787 11.1$7 .99? 11.652 0.0237 -1.62 5 
3525 $2.9 .0414 31.611 .997 11.652 0.00699 -24.5552 
3/575 95.9 .4273 11.687 997 11.414 0.00254 -2.63071 
2625 97.2 .0123 11.667 .997 73.6312 0.00105 -2.97469 
$878 92.0 .00118 11.687 .997 11.552 0.tromitt 4.12205 
5725 98.2 .0079 11.687 .997 11.652 0.000671 -3.16877 
VW 00.$ .0002 11.60, .999 11.452 0.000446 -3.25066 
3800 984 .0052 11407 .99? 11.652 0.000446 -8.25064 
3050 98.8 .0012 11.667 .99? 11.652 0.000444 -3.24066 
0900 88.1 .0052 11.607 .997 11.652 0.000441 -3.24066 
3950 99.1 .u039 11.607 .997 11.652 0.000335 -3.47485 
4000 29.6 .001.7 11.687 .997 11.652 0.000146 -5.82565 



Table No. 15 

Preparations Ethyl para-dimethylaminobenzoate irradiated 3 hoar. 

Solvent: Methyl Alcohol, Spectro Grade 

Ways Length 

*Ay 

Extinc 
Coefficient, 

E 

Incideni 
Erythema]. 
Energy * 

tted 
Erythema' 
Energy * 

Icss3,dirnt 
Tanning 
Rainy * 

Iran ,t 
Tanning 
Energy * 

2925 2. 1 1.1390 0.0085 
2975 2.5659 6.5100 0.0115 
3025 2.9731 10.0000 0.0106 
3075 3.2475 3.5770 0.0020 
3125 3.3109 0.9734 0.0005 
3175 2.8755 0.5670 0.0008 
3225 2.1064 0.4550 0.0036 1.0790 0.8449 
3275 1.2337 0.2890 0.0169 1.0200 0.5954 
3325 0.6224 0.1290 0.0307 0.9360 0.2225 
3375 0.2596 0446 0,0251. 0.7980 0.438? 
3425 0.0736 0.6690 0.5646 
3475 0.0237 0.5700 0.5403 
3525 0.00699 0.4880 0.4803 
3575 0.00234 0.4560 0.4533 
3625 0.00106 0.3560 0.3553 
3675 0.000755 0.3100 0.3097 
3725 0.000678 0.2600 _012597 

Total... 23.6850 04102 6.9420 5.0647 

% Transmitted *0.47% % Transsitted a  73.0% 

* /5-vitonsiont2 x 10 



Fig. 8 Phenyl Salicylate 



Table No. 16 

Preparation: Phenyl Salicylate non-irradiated 

Solvent: Methyl Alcohol, Spectro Grade 

Wave. 
Length 

it/Ad 

Traas- 
mission 

*r 

Optical 
Deasity, 

Log r) 
? 

Conc.. 
0 

am/1000 
ml 

Cell 
Thick- 
neita• 

Cat 
t3 

lc 
t x 0 

Absorption 
Coefficient. 

E Log 11% cm 

.44041.......11. 

2250 45.9 .3382 1.0218 .998 0.98058 .3316 -0.48938 
2300 40.8 .3893 1.0218 .998 0.98058 .3817 -0.41828 
2350 33.9 .4098 1.0218 .998 0.98058 .4607 -0.33658 
2400 27.1 .5670 1.0218 .998 0.98058 .5560 -0.25492 
2450 22.7 .6250 1.0218 .998 0.98058 .6129 -0.21261 
2500 14.9 .8270 1.0218 .998 0.98058 .8109 -0.09103 
2550 33.9 .4698 1.0218 .998 0.98058 .4607 .0.23656 
2600 49.6 .3045 1.0218 .998 0.98058 .2986 -0.52491 
2650 58.2 .2353. 1.0218 .998 0.98058 .2305 a0.00733 
2700 62.4 .2048 1.0218 .998 0.98058 .2008 -0.69734 
2750 62.2 .2062 1.0218 .998 0.98058 .2022 -0.697W8 
2800 59.2 .2277 1.0218 .998 0.98058 .2233 -0.65111 
2850 55.0 .2596 1.0218 .998 0.98058 .2546 -0.59414 
2900 45.9 .3382 1.0218 .998 0.98058 .3316 -0.48938 
2925 41.4 .3830 1.0218 .998 0.98058 .3766 -0.42627 
2975 32.8 .4841 1.0218 .998 0.98058 .4747 -0.32358 
3025 26.8 .5720 1.0218 .998 0.98058 .5609 -0.25111 
3075 24.1 .6180 1.0218 .998 0.98058 .6060 -0.21753 
3125 24.8 .6060 1.0218 .998 0.98058 .5942 -0.22607 
3175 29.1 .5361 1.0218 .998 0.98058 .5257 -0.28926 
3225 38.8 .4112 1.0218 .998 0.98058 .4032 -0.39448 
3275 55.0 .2596 1.0218 .998 0.98058 .2546 -0.59414 
3325 8.98 1.0467 10.2180 .997 0.09816 .1027 -0.99843 
3375 38.2 .4179 10.2180 .997 0.09816 .0410 -1.38722 
3425 72.9 .1373 10.2180 .997 0.09816 .0135 -1.86967 
3475 90.8 .0419 10.2180 .997 0.09816 .00411 -2.38616 
3025 97.1 .0127 10.2180 .997 0.09816 .00125 -2.90309 
3575 98.0 .0088 10.2180 .997 0.09816 .000884 -2.06394 
2625 99.0 .0044 10.2180 .997 0.09816 .000432 -3.36452 
3675 99.1 .0029 10.2180 .997 0.09816 .000382 -2.41680 
3725 99.2 .0025 10.2180 .997 0.09816 .000344 -3.46344 
3750 99.2 .0035 10.2180 .997 0.09816 .000344 w3.46344 
3800 99.4 .0026 10.2180 .99/ 0.09816 .000344 v3.59256 
3850 99.2 .0035 10.2180 .997 0.09816 .000255 -3.46344 
3900 99.1 .0039 10.2180 .997 0.09816 .000383 -3.41680 
3950 99.4 .0026 10.2180 .997 0.09816 .000255 -3.59346 
4000 100.0 .0000 10.2180 .997 0.09816 .000000 -------- 



Table No. 17 

Preparation! Phenyl Salicylate non-irradiated 

Wave 
Length 

mi,o., 

unction 
Coefficient, 

A 

Incident 
Arythemal 
Anergy * 

Transmitted 
Arythenal 
Znergy * 

Incident 
Tanning 
Anergy * 

Transmitted 
Tanning 
Ammo.  * 

2925 9.3756 1.1390 0.4795 
29/5 0.4747 6.5100 2.1823 
1028 0.5609 10.0000 2.7400 
3375 0.6060 3.5770 0.8863 
3125 0.5942 0.9741 0.2480 
1175 0.5257 0.5670 0.1890 
3225 0.4012 0.4550 0.1791 1.0790 0.4265 
3275 0.2546 0.2890 0.1608 1.0200 0.3928 
3325 0.1027 0.1290 0.1019 0.9360 0.7393 
3375 0.0410 0.0456 0.0415 0.7980 0.7261 
3425 0.0115 0.6690 0.6489 
3475 0.00411 0.5700 0.5649 
3525 0.00125 0.4800 0.4870 
3675 0.000864 0.4560 0.4551 
3625 0.000432 0.3860 0.3556 
3675 0.000383 0.0100 0.3097 
3725 0.000144 9,2600 0.259r 

Tetal....21.6850 7.1971 6.9430 5.3656 

% Transmitted .; 30.4% % Transmitted .--. 78.7% 

* 1-ritons/cm2 x 10 



Table No. 18 

Preparation: Phenyl Salicylate irradiated three hours 

Solvent: Methyl Alcohol, Speactro Grade 

Wave Trans- Optical 
Length mission Density, 

Mil" %T Log 

Conc., 
C 

0m/1000 
ml 

Cell 
Thick- 
U088. 
cm 
t 

1 

Absorption 
Coefficient, 

Log Z14 ont X 

...........m.•••••••••••••••••••••141 .••••••••• 

t m C 

2250 83.2 .0799 0.10263 .996 9.7640 0.7801 -0.10785 
2300 85.4 .0665 0.10263 .998 9.7640 0.1493 -0.18755 
2350 82.5 .0835 0.10263 .998 9.7640 0.1183 -0.08868 
2400 5.95 1.2233 1.0263 .992 0.97640 1.1944 0.07700 
2450 16.5 .7830 1.0263 .998 0.97640 0.7645 -0.11662 
2500 55.1 .2588 1.0265 .996 0.97640 0.2$27 -0.69739 
2550 74.5 .1278 1.0263 .998 0.97640 0.1248 -0.90378 
2600 70.8 .1537 1.0263 .996 0.97640 0.1501 -0.82362 
2650 59.6 .224$ 1.0263 .994 0.97840 0.2195 -0.65854 
2700 50.0 .2010 1.0263 .994 0.97640 0.2039 -0.63180 
2750 44.4 .3507 1.0283 .996 0.97640 0.3424 -0.46547 
2800 43.2 .3845 1,0262 .996 0.97640 0.3540 -0.44467 
2850 48.9 .3107 1,0263 .998 0.97640 0.3034 -0.51794 
2900 42.9 .3678 1.0203 .998 0.97640 0.3588 -0.44513 
2925 38.1 .4191 1.0263 .998 0.97440 0.4092 -0.39606 
2976 29.2 .5321 1.0264 .998 0.91640 0.5205 -0.28254 
3025 24.8 .6060 1.0267 .990 0.97640 0.5017 -0.22790 
3075 24.0 .6200 1.0263 .998 0.07640 0.6054 -0.21796 
3125 27.0 .5690 1.0263 .998 0.9/640 0.5554 -0.25508 
3175 35.2 .4522 1.0263 .998 0.97640 0.4415 -0.25507 
2225 51.5 .2882 1.0263 .998 0.97640 0.2414 -0.55068 
2275 71.9 .1433 1.0243 .998 0.97640 0.13999 -0.85414 
3325 29.4 .4045 10.2630 .997 0.09773 0.03937 -1.40483 
3375 73.8 .1319 10.2630 .997 0.09772 0.01264 -1.89143 
3425 87.8 .0565 10.2630 .997 0.09773 0.005499 -2.26972 
3475 92.0 .0382 10.2630 .997 0.09772 0.003532 -2.46068 
3525 93.5 .0292 10.2630 .997 0.09773 0.002842 -2.54638 
2575 94.9 :0227 10.2620 .997 0.09773 0.002209 -2.65580 
3825 96.2 .0166 10.2620 .997 0.09773 0.001644 -2.78410 
3675 97.0 .0132 10.2630 .997 0.09773 0.001285 -2.8E1110 
3725 98.2 .0079 10.2630 .997 0.09773 0.000769 -3.11407 
3750 98.2 .0079 10.2630 .997 0.09772 0.000/69 -3.11407 
3600 MS .0052 10.2830 .997 0.09773 0.000506 .5.29545 
3850 $9.1 .0039 10.2630 .997 0.09773 0.000280 -3.42028 
3900 99.1 .0029 10.2630 .997 0.09773 0.000a0 -3.42022 
3950 99.1 .0039 10.2620 .997 0.09773 0.000380 -8.4Z022 
4000 99.5 .0022 10.2630 .997 0.09772 0.000214 -3.66938 



Table No. 19 

Preparation: Phenyl Salicylate irradiated ter. m hours 

Wave Length 

glp 

latinsties 
044ffi41401, 

I 

Issios 
41.61 

'tiara * 

mitts& 
lrythemal 
Amtra • 

Trassaittei 
Taming 
biro * 

.;:o . / 't 1 . 4 !( SA/ A4 ,. p)..,..- , ..Z. -.1' 1/4'  -‹! b b i / 41' ,\ 0,.)1 

422$ - 0.4092 1.1390 0.4441 
119'5 0.5208 6.5100 1.9481 
sou 0.5917 10.0000 2.5696 
3075 0.6084 3.5770 0.1674 
3125 0.556$ 0.0742 0.3730 
mins 0.4416 0.5670 0.2051 
3235 0.2114 0.4550 0.2510 1.0790 0.5643 
5275 0.1399 0.2190 0.2094 1.0100 0.7501 
3325 0.03127 0.1290 0.1176 0.0110 0.6549 
5276 0.01204 9"134 91944.15  0.7920 0.7741 
2426 0.005499 0.6690 0.6604 
3475 0.003511 0.5700 0.8635 
3525 0.903142 0.4600 0.4s51 
44,6 0.002200 0.4560 0.4537 
5625 0.001644 0.2860 0.3549 
NM 0.001216 0.1100 0,3094 
3725 0400761 °MCP cooty 
MO 0.000769 
3000 0.000504 
MO 0.000310 

TOW.. 23.6150 6.0404 6.9420 6.0217 

%troastitterk...29.3% % frocesattted 064 

* 2-vitiotaima z 10 



Fig. 9 Glyceryl Salicylate 



TWA No. 20 

Preparation: Glyceryl Salicylate Amu-irradiated 

Solvent: Methyl Alcohol. Spectro grade 

Wave 
Length *is &on 

sir % T 

J41  --- ,ic,..1, Ap-li 

Optical Qs . 
Doasity. 0 

Log ( 

11 
wok- 
nano  
ca. 
t 

.. 
Absorption 
Ooofficiaat, 10g X 

' ' r-- I !" ii /"' 41' s' , 41.: ITV: ST r.1i. ‘' k 1- 11.-‘)"---C-' a '3, t. ' - . 1--`,1 ' il84ril11f1"" 

2260 84.9 0.0711 0.09887 .990 10.1344 0.7206 -0.14230 
2300 62.4 0.0041 0.0980? .990 10.1348 0.4524 -0.66956 
2300 70.2 0.1140 0.09007 .094 10,1348 1.1059 0.07115 
2400 V4.$ 0.1278 0.09001 .990 10.12441 1.2053 0.11227 
mo 9.2 1.0862 0.9047 .098 1.01341 1.0502 0.02119 
2530 42.2 0.3747 0 .994 1.01248 0.3708 -0.42044 
2550 14.6 0.7710 9. .99T 0.10/40 0.0706 -1.10450 
2600 40.0 0.3101 0. .997 0.10140 0.0120 -1.49080 
22E0 44.0 0.2288 0. .997 0.10154 0.0533 -1,47756 
2700 21.9 0.5540 1. 496 0.10110 0.0562 -1.25026 
2750 1 0.1186 0.9 .990 1.01.148 0.1202 -0.02010 
2t 66.9 0.141 0.9887 .998 1.01348 0.1855 -0.74656 
2850 65.4 0.2692 0.9647 .994 1.01540 0.2128 -0.56410 
2900 41.0 0.2710 0.9081 .998 1.01040 0.3039 -0.410,4 
2925 36.0 0.4342 0.9861 .998 1.01544 0.4401 -0.55645 
2975 28.5 0.5452 0.9081 .994 1.01044 0.5516 -0.25709 
W5 23.9 0.6220 0.9807 .998 1.01340 0.4704 -0.20028 

3075 21.6 0.0640 0.9087 .990 1.01340 0.4150 -0.17070 
3125 24.4 0.4130 0.9807 .998 1.01240 0.6213 -0.20670 
3175 30.5 0.5157 0.9007 .990 1.01340 0.524? -0.20115 
3225 44.0 0.3065 0.9807 .908 1.01348 0.3613 4.44215 
3275 63.0 0.1945 0.9601 .990 1.01340 0.1911 -0.70581 
3325 26.1 0.5830 9.0870 •9917 0.10150 0.0501 -1.22041 
SS75 44.2 0.1701 9.0070 .991 0.10150 0.02.2 -1.73093 
2.426 00.5 0.0462 0.8870 .997 0.10150 0.00486 .002.31158 
3475 96.0 0.0141 9.0870 .90? 0.10150 0.00143 -2.84466 
3525 100.0 0.0000 9.8870 .997 0.10150 0.00000 -......---.- 
we 100.0 0.0000 9.8870 .90? 0.10150 0.00000 -------- 
3625 100.0 0.0000 9.8670 .997 0.10150 0.00000 -------- 
3675 100.0 0.0000 9.8870 .997 0.10150 0.00000 -- ---- -- 
3725 100.0 0.0000 9.8070 .997 0.10150 0.00000 -------- 
3750 100.0 0.0000 9.8870 .99? 0.10150 0.00000 
3800 100.0 0.0000 9.8870 .997 0.10150 0.00030 -------- 
3850 100.0 0.0000 9.0870 .997 4.10160 0.00000 -------- 
3900 100.0 0.0000 9.0870 .097 0.10150 0.00000 - ------- 
3950 100.0 0.0000 9.1870 .997 0.10150 0.00000 -------- 
4000 100.0 0.0000 9.0870 .997 0.10150 0.00000 -------- 



Table No. 21 

Preparation: Glyceryl Sallowlate non-irradiated 

nave 
Length 

mfr. 

 Ectinetion 
Coefficient 

X 

Incident 
Erythemal 
Energy * 

t 

2925 0.4401 1.1390 
2975 0.5526 6.3100 1.8235 
3025 0.6304 10.0030 2.3419 
3075 0.6750 3.5770 0.7559 
3125 0.6213 0.9743 0.2330 
3175 0.5227 0.5670 0.1702 
3225 0.3613 0.4330 0.1980 1.0790 0.4693 
3275 0.1971 0.2890 0.2522 1.0200 0.8901 
3325 0.0591 0.1290 0.1126 0.9360 0.8168 
3375 0.0182 0.0456 0,0438 0.7980 0.7658 
3425 0.00488 0.6690 0.6617 
3473 0.00143 0.5700 0.5683 
3323 0.00000 0.4880 0.4880 
3373 0.00000 0.4360 0.4360 
3623 0.00000 0.3360 0.3360 
3675 0.04000 0.3100 0.3100 
3725 0.g0©0 0,A490 042600 

Total... 23.6850 6,3445 6.9420 6.0422 

% Transmitted 26.8% % Transmitted 

* X-vitonsion2 x 



Table No. 22 

Preparation: Glyceryl Salicylate Irradiated 3 hrs. 

Solvent: Methyl Alcohol, Spectro Grade 

Wave 
Length 

taiik,  

Trans-. 
mission 

IT 

Optical Conc.. 
Density, C 

Log (02) 041000 .1 

Cell 
Thick- 
sears 

op 
t 

1,  
t x C 

Absorption 
Coefficient, 

Z Log iq% cm 

2260 15.1 0.8210 1.0168 0.998 0.9854 0.8090 -0.09205 
2300 8.51 1.0701 1.0168 0.998 0.9854 1.0645 0.02325 
2350 78.2 0.1160 0.10168 0.998 9.854 1.1628 0.06558 
2400 73.8 .1319 0.10168 0.998 9.884 1.2997 0.11394 
2450 80.9 .0921 0.10168 0.994 9.854 0.9078 -0.04211 
2500 41.1 .3863 1.0188 0.996 0.91g54 0.5806 -0.42953 
3550 14.9 .8270 10.166 0.997 0.09845 0.0815 -1.04884 
2600 44.1 .3558 10.168 0.997 0.09065 0.0351 -1.45469 
2650 41.9 .0778 10.188 0.997 0.02965 0.0373 -1.42829 
2700 23.2 .6350 10.168 0.997 0.09865 0.0426 4.20242 
2763 74.9 .1255 1.0164 0.998 0.9854 0.1237 -0.91763 
3800 824.5 .1912 1.0188 0.995 0.0854 0.1943 -0.71153 
2450 50.5 .2967 1.0168 0.996 0.9854 ()a924 -0.52402 
2900 37.9 .4214 1.0160 0.998 0.9854 0.4152 -0.38174 
2025 32.8 A841 1.0108 0.998 0.9454 0.4770 -0.32148 
3975 25.1 .8000 1.0168 0.908 0.9834 0.0012 44=27 
3026 19.5 .7100 1.0168 0.990 0.9854 0.8096 -0.15615 
3075 19.6 .7260 1.0148 0.998 0.9854 0.7154 J3.14545 
3125 20.9 .9000 1.0188 0.998 0.9854 0.6701 -0.17386 
3175 20.2 .5498 1.0168 0.998 0.9854 0.5418 -0.26614 
3223 43.2 .3645 1.0168 0.998 0.9854 0.3592 4.44486 
3275 83.5 .1972 14188 0.998 0.9854 0.1943 ..0.71153 
235 26.1 .5830 10.118 0.997 mew 61.oet8 -1.24032 
3375 66.8 .1752 10.168 0.997 0.00865 0.03.73 -1.76195 
7425 90.5 .0434 10.168 0.997 0.09865 0.00428 -2.26856 
3475 98.1 .0383 10.186 0.997 0.00885 0.000818 -3.09725 
Sejas 100 0 wage 0.997 0.09865 0.0 - 
355 100 0 10.168 0.997 0.00865 0.0 - 

6 100 0 3.0.166 0.99? 0.09865 0.0 - 
367'5 100 0 10.168 0.997 0.09885 0.0 - 
3725 100 0 10.168 0.99? 0.09865 0.0 - 
3750 100 0 10.168 0.997 0.09465 0.0 - 
3800 100 0 10.166 0497 0.09666 0.0 - 
31350 100 0 10.166 0.997 0.09465 0.0 - 
3900 100 0 10.168 0.997 0.09165 0.0 . 
3950 100 0 10.188 0.097 0.09865 0.0 - 
4000 100 0 10.189 0.997 0.09865 0.0 . 



Table No. 23 

Preparation: Glyceryl Salicylate Irradiated 3 hours 

solvent: Methyl Alcohol, Spectro Ada 

1 lir B 

t 

* 

2925 0.4770 1.2.390 11.3790 
2973 0.3932 6.5100 1.673L 
3025 0.6996 10.0000 4..9972 
3075 0.7154 3-5770 0.68se 
3125 0.6703. 0.9734 04003 
3173 04410 0.5670. C.3149 
3225 0.3592 0.4550 0.1990 1.0790 0.4731 
3275 0.1943 0.2090 0.1040 1.0200 0.6322 
3325 0.0575 0.1290 0.1331 0.9360 0.8203 
3375 41 0t04/4 0.090 0.99410 0.7666 
3425 0.00421 0.6690 0.6624 
3475 0.00001,0 04900 0.619 
3323 0.0000 0.4810 0.4060 
3575 Mow 0.4360 0.4560 
3625 0.0000 0.3360 0.3360 
3695 0.0000 0.310G 0.3100 
3725 0.0000 0.2690 0A609 

Talial... 23.6030 5.4508 6.9420 3.8122 

% trenanitted 0 23.9% % Trananittot ig 834% 

* Foviteanien2 z 10 



Fig. 10 Homomenthyl Salicylate 



Table No. 24 

Preparation: Homomenthyl Salicylate Non-irradiated 

Solvent: Methyl Alcohol, Spectro Grade 

Wave 
Length 

up 

Tmns- 
mission 

%T 

Optical 
Density, 

Log (.Y 

Cone., 
C 

Ma/1000 
ml 

Cell 
Thick- 
nese If 

Absorption 
Coefficient, 

E 1% Log E1cm 
ou  
t 

t x C 

2250 26.0 .585 1.0274 .99$ 0.9752 0.5705 -0.24374 
2300 17.1 .76/ 1.0274 .990 0.9752 .7480 -0.12610 
2350 06.1 .0701 0.102/4  .998 9.752 .6836 -0.16520 
2400 84.2 .0747 0.10274 .999 9.752 .7285 -0.13757 
2450 17.2 .764 1.0274 .999 0.9752 .7451 -0.1277$ 
2500 56.9 .2457 1.0274 .996 0.97e2 .2396 -0.62051 
2550 22.9 .640 3.0.274 .997 0.9763 .06240 -1.20426 
2600 47.1 .3270 10.274 .99? 0.9763 .03193 -1.495$0 
2650 43.6 .3583 10.274 .997 0.9752 .03500 -1.45593 
2700 26.9 .070 10.274 .997 0.9763 .05565 -1.26453 
2750 77.8 .1090 1.0274 .999 0.9752 .1063 -0.97347 
2800 69.6 .1574 1.0274 .996 0.9752 .1506 -0.61361 
2850 69.2 .2204 1.0274 .998 0.9752 .2227 -0.65229 
2900 45.2 .3170 1.0274 .9911 0.9762 .3091 -0.50990 
2925 42.8 .3646 1.0274 .996 0.9752 .3595 -0.44430 
2975 34.8 .4384 1.0274 .996 0.9752 .4470 -0.34969 
8025 30.5 .5157 1.0274 .996 0.9752 .5029 -0.29652 
3075 29.9 .3a43 1.0274 .996 0.9752 .5113 -0.29152 
3125 33.1 .4002 1.0274 .096 048752 .4.653 -0.32946 
31715 41.2 .0651 1.0274 .996 0.9752 .3755 -0.43439 
3225 66.4 .2457 1.0274 .996 0.9752 .2425 -0.61529 
3275 75.1 .1244 1.0274 .996 0.9752 .01215 -0.91543 
0225 44.3 .3536 10.274 .997 0.09763 .03452 -1.46193 
3375 79.2 .1013 10.274 .997 0.09763 .009890 -2.00490 
3425 94.3 .0264 10.274 .997 0.09763 .002577 -2.59869 
3475 96.2 .0079 10.274 .997 0.09763 .0007803 -3.10774 
3525 100 0 10.274 .997 0.09763 . - - 
3575 100 0 10.274 .997 0.09762 - - 
3625 100 0 10.274 .997 0.09768 - - 
3675 100 0 10.274 .997 0.09763 - - 
3725 100 0 10.274 .997 0.09763 - _ 
3750 3.00 0 10.274 .99? 0.09760 - - 
3800 100 0 10.274 .997 0.09762 - - 
3250 100 0 10.274 .997 0.09763 - - 
3900 3.00 0 10.274 .997 0.09763 - - 
3950 1.00 0 10.274 .997 0.09763 - - 
4000 100 0 10.274 .997 0.09763 - - 



Table Np. 25 

Preparation: Homomenthyl Salicylate non-irradiated 

Solvents Methyl Alcohol, Spectra Grade 

Wave 
Length 

ntifr 

Extinction 
Coefficient 

E 

tneident 
Erythemal 
Energy * 

Transmitted 
Erythema' 
Energy * 

Incident Transmitted 
Tanning Tanning 
Energy * Energy * 

Ai 4 

2925 0.3595 1.1390 0.4975 
2975 0.4470 6.5100 2.3258 
3025 0.5029 10.0000 3.1407 3075 0.5113 3.5770 1.1023 
3125 0.4683 0.9743 0.3314 
3175 0.3755 0.5670 0.2388 
3225 0.2425 0.4550 0.2603 1.0790 0.6172 
3275 0.01215 0.2890 0.2811 1.0200 0.9921 
3325 0.03452 0.1290 0.1192 0.9360 0.8651 
3375 0.00989 0.0456 0,0446 0.7980 0.7801 
3425 0.002577 0.6690 0.6650 
3475 0.0007803 0.5700 0.5694 
3525 0.0000 0.4880 0.4880 
3575 0.0000 0.4560 0.4560 
3625 0.0000 0.3560 0.3560 
3675 0.0000 0.3100 0.3100 
3725 0.0000 0.2600 -0.2600 

Total... 23.6850 8.3417 6.9420 6.3589 

% Transmitted u 35.2% %Transmitted u 91.6% 

* D-vitone/cm2 x 10 



Table No. 26  

Preparation: Homomenthyl Salicylate irradiated 3 hrs. 

Solvent : Methyl. Aloohol, Spectro Grade 

Wave 
Length 

Ix- 

Trans- 
mission 

0 

Optical 
Density, 

Lost (-*) 

Cone., 
0 

On/1000 
al 

Cell 
Thick- 
ness 
as 
t 

 1  
t z C 

Absorption 
Ooeffiotent. 

2 Log t $ at 

2250 31.0 .5086 1.015 .918 0.9871 0.5021 -0.29921 
2300 19.5 .7100 1.015 .998 0.9171 0.7001 -0.15414 
2350 10.9 .9B30 1.015 .998 0.9171 0.9507 -0.02196 
2400 9.72 1.0123 1.015 .996 0.9871 0.9993 -0.00030 
2450 19.8 .7030 1.015 .99t 0.9871 0.6940 -0.15364 
2500 59.8 .2233 1.015 .998 O.9871 04204 -0.65679 
2550 30.2 .5200 10.150 .997 0.09881 0.0514 -1.29904 
2600 60.9 .2154 10.150 .997 0.09881 0.0213 -1.67162 
2650 58.7 .2314 10.15D .997 0.09881 0.0229 -1.84016 
2700 38.9 .4101 10.180 .997 0.09881 0.0405 -1.30254 
3150 18.4 .7350 10.1E0 .997 0.09181 0.0726 .4.13,06 
2800 77.2 .112S 1.015 .998 0.9871 0.1109 -045507 
2360 66.1 .1798 1.015 .998 0.9871 0.1775 -0.75080 
2900 54.2 .2660 1.015 .098 0.9871 0.2626 -0.541070 
2925 49.1 .3099 1.015 .998 0.9871 0.3049 -0.51584 
2975 40.1 .3969 1.015 .998 0.9871 0.3918 -0.40694 
3025 34.5 .4622 1.015 .998 0.9871 0.063 -0.34075 
3076 32.1 .4102 1.015 .998 0.9871 0.4741 -0.32413 
3125 36.2 .4413 1.015 .998 0.9371 0.4387 -0.36081 
3175 44.2 .3646 1.015 .998 0.9871 0.3501 -0.45501 
3225 58.8 .22506 1.015 .998 0.9871 0.2276 -0.64283 
3275 76.4 .1169 1.015 .99* 0.9871 0.1154 -0.93779 
3325 47.8 .3204 10.15 .997 0.09881 0.0317 -0.49894 
3875 111.2 .0906 10.15 .997 0.09881 0.00894 -2.04066 
3425 95.1 .0018 10.15 .997 0.09881 0.00215 -2.65156 
34/5 99.2 .0035 10.15 .997 0.09881 0.000346 -S.46092 
3525 100 0 10.15 .99? 0.09881 0 - 
3575 100 0 10.15 .997 0.09881 0 - 
3625 100 0 10.15 .997 0.0901 0 - 
3676 100 0 10.15 .097 0.09891 0 
3725 100 0 10,15 .99? 0.09081 0 - 
3750 100 0 10.16 .997 0.09811 0 - 
3800 100 0 10.15 .997 0.09861 0 - 
3850 100 0 10.15 .997 0.09981 0 0 
3900 100 0 10.15 .997 0.09081 0 - 
3950 100 0 10.15 .997 0.09881 0 - 
4000 300 0 10.15 .99? 0.09861 0 . 



Table No. 27 

Preparation: Homomenthyl Salicylate irradiated 3 hours 

Solvent: Methyl Alcohol, Spectro Grade 

Wave 
Length 

mip 

Extinction 
Ooefficient 

E 

Incident 
Erythamal 
Energy * 

Transmitted 
Erythemal 
Energy * 

Incident 
Tanning 
Energy * 

Transmitted 
Tanning 
Energy * 

.1 .•••••• 

2925 0.3049 1.1390 0.5644 

,,1 ( 

2975 0.3918 6.5140 2.6410 
3025 0.4563 10.0000 3.4965 
3075 0.4741 3.5770 1.2003 
3125 0.4357 04743 0.3573 
33.75 0.3501 0.5670 0.2531 
3225 0.2276 0.4550 0.2694 1.0790 0.6388 
3275 0.1154 0.2890 0.2216 1.0200 0.7822 
3325 0.0317 0.1290 0.1200 0.9360 0.8707 
3375 0.00894 0.0456 0.040 0.7980 0.7816 
3425 0.00215 0.6690 0.6657 
3475 0.000346 0.5700 0.5655 
3525 0.0000 0.4880 0.488o 
3575 0.0000 0.4560 0.4560 
3625 0.0000 0.3560 0.3560 
3675 0.0000 0.3100 0.3100 
3725 0.0000 0.2600 0.260t 

Total... 23.6850 9.1683 6.9420 6.1745 

% Transmitted 38.7% % Transmitted x 88.9% 

* E-vitormsban2  x 10 



Fig. "Giv-Tan" 



Table No. 28 

Preparation : "Giv-Tan" non-irradiated 

Solvent: Methyl Alcohol, Spectre Grade 

Wave 
Length 

M/1.4,  

Trans- 
mission 

%T 

Optical 
Density, 

LOgi92) T 

Cone., 
c 

OK/1000 
ml 

Cell 
Thick- 
MOBS, 

CM 

t 

.:1.  
t X a 

Absorption 
Coefficient, 

3 

1% 
Log //lca 

2250 67.6 .3.701 .10246 .998 0.10226 1.6634 0.22089 
2300 68.9 .1618 .10146 .9118 0.1022,6 1.5822 0.19921 
2350 6.23 1.0846 1.0246 .998 1.0226 1.0606 0.02572 
2400 34.5 .4622 1.0246 .998 1.0225 0.4520 4.34489 
2450 63.7 .1959 1.0246 .998 1.0226 .1916 - .71760 
2500 61.5 .2111 1.084$ .99$ 1.0226 .2064 44529 
2550 47.2 .3261 1.0264 .99$ 1.0226 .3189 -.49674 
2600 31.1 .5072 1.0$46 .99$ 1.0226 .4960 - .30452 
2650 17.3 .762 1.0246 .994 1.0226 .7462 - .12773 
2700 74.4 .1169 .10246 .998 0.1€1226 1.1432 0.05805 
2750 70.8 .1800 .10244 .998 0.10226 1.4669 .16643 
2400 63.8 .1952 .10246 .998 0.10226 13088 .27081 
2850 36.4 .2306 .10246 .998 0.10226 2.2650 .35315 
2900 54.2 .2660 .10246 .998 0.10226 2.6012 .41514 
2925 57.3 .2733 .10246 .990 0.10226 2.6726 .42700 
2975 51.9 .2448 .10346 .998 0.10226 2.7861 .44488 
3t325 51.2 .2907 .10246 .998 0.10226 2.842. .45378 
3075 49.9 .3019 .1024B .998 0.10226 2.9523 .47012 
3125 50.9 .2932 .10246 .998 0.10226 2.8682 .45758 
3175 54.2 .2660 .10246 .998 0.10226 2'8012.. .41514 
3225 61.7 .2097 .10246 .998 0.10226 2.05" .81197 
3275 71.0 .1487 .10246 .998 0.10226 1.4541 .16256 
3325 12.2 .914 1.0246 .998 1.oaas 0.8938 -0.04876 
3375 32.0 .4948 1.0244 .998 1.0296 0.4839 -0.31524 
3425 57.6 .2403 1.0246 .998 1.0224 0.2350 -0.62893 
8475 16.2 .790 10.248 .99, 10.2137 0.0773 -1.11182 
3525 52.1 .2832 10.246 .997 10.2152 0.0277 -1.55752 
357 5 81.0 .0915 10.246 .997 10.2152 ,t!.?,(2!! fl.1111: 3625 93.9 -0273 10.246 .997 10.2150 
8675 98.9 .0048 10.348 .997 10.2158 

7..;;;;4,1  
'.'""'" 

_;.;2';;; 

-"."-."" 3725 99.1 .0039 10.246 .907 10.2152 0.000382 -3.40794 
3750 99.5 .0022 10.346 .997 10.2152 0.000213 -3.66756 
3400 99.6 .0017 10.246 .997 10.2153 ?...?,2(22 :!":::$290  3850 99.6 .0017 10.246 .997 10.2150 ''"""'"" -'''''"" 3900 99.4 .0009 10.246 .997 10.2153 0.0000861 -4.05502 
3950 100 0 10.246 .997 10.2153 0 
4000 100 0 10.246 4997 10.2153 0 - 



Table No. 29 

Preparations " Giv-Tan non-irradiated 

solvent: methyl Alcohol 1, Spectro Grade 

Wave tied Transmitted 
Length Coefficient, Erythmal Erythemal Tanning Tanning 

Energy * Energy * 'g * Energy * 
nfrs,  

2925 2.6726 1.1390 0.0024 
2975 2.7851 6.51D0 0.0011 
3025 2.8428 200.00A0000.0144 
3075 2.9523 3.5V0 0.0040 
3125 2.8682 0.9734 0.0013 
3175 2.6012 0.5870 0.0014 
3225 2.0507 0.4550 0.0040 1.0790 0.0096 
3275 1.4541 0.2890 0.0102 1.0200 0.0359 
3325 0.8938 0.1290 0.0165 0.9360 0.0120 
3375 0.4839 01006 0.0150 0.7980 0.2619 
3425 0.2350 0.6690 0.3894 
3475 0.0773 0.3790 0.4770 
3525 0.0277 0.4880 0.4582 
3575 0.ao896 04560 0.4466 
3625 0.0020 0.3560 0.3539 
3675 0.00047 0.3100 0.147 
3725 0.000382 0 400 04597  

Total... 23.6850 0.0703 6.9420 3.0139 

% Transmitted * 0.30% % IrranSlitted so 434% 

* E-vitonstAta2 x 10  



Table No. 30 

Preparation: "Giv-Tan" Irradiated 3 hrs. 

Solvent: Methyl Alcohol. Spectro Grade 

Wave 
Length 

MOO 

limns- 
*lesion. 

0 

Optical 
Density. 

sot O 

Oene., 
0 

0 1111000 
al 

Cell 
Thick. 

ela 
t 

t X e 

Absorption 
Coefficient, 

r 

. , 
2250 24.2 0.0747 0.10207 .99$ 9.8161 0.7233 -0.13472 
2300 83.7 0.0773 0.10207 .990 9.8161 .7526 - .12917 
2350 9,6 1.0177 1.0207 .998 0 9816 .9990 - .00434 
2400 32.8 .4841 1.0207 .998 0.9812 .4752 - .32312 
2480 55.2 .2581 1.0207 .998 0.9816 .2535 - .59613 
2500 52.7 .2782 1.020? .998 0.9816 .2731 - 46368 
2550 40.8 .3893 1.0207 .992 0.9816 .5821 . .41702 
2600 28.2 .2498 1.0207 .990 0.9816 .6397 - .26705 
MO 16.8 .7750 1.0207 .998 0.9816 .7507 - .11079 
2700 8.1 1.0915 1.0207 .992 0.9816 1.0714 0.02979 
2750 80.5 .0942 0.10207 .998 9.8161 0.9247 -0.02400 
2000 73.2 .1355 0.10207 .998 9.8161 1.3301 0.12385 
2150 60.0 .1675 0.10207 .998 9.8161 1.6442 .21500 
2000 63.0 .2007 0.10207 .998 9.0161 1.9701 .29447 
2925 61.2 .2132 0.10207 .998 9.8161 2.0028 .32077 
29,5 58.3 .2345 0.10207 .998 9.8161 2.2999 .36113 
3025 56.2 .2503 0.10297 .998 9.0161 2.4569 .38041 
3075 54.7 .2620 0.10207 .998 9.8161 2.5710 .40027 
3125 55.8 .2504 040807 .998 9.1161 2.4474 .09568 
3175 60.0 .2218 0.10247 .998 9.8161 2.1772 .33766 
025 67.2 .1726 0.10207 .998 9.1161 1.6942 .22891 
4275 75.8 .1203 0.10207 .998 9.8161 1.1809 .07225 
2325 16.4 .7850 1.0207 .998 1.9816 0.7706 -0.11317 
3875 36.4 .4089 1.0207 .998 0.9816 .4300 -13.3657$ 
3425 60.5 .2182 1.0207 .998 0.9816 .2142 -0.66911 
3475 15.1 .8210 10.207 .997 0.0982 .0806 .1.09366 
3525 46.2 .8354 10.20/ .997 0.0922 .0330 -1.40185 
3575 72.9 .1314 10.20? .997 0.0982 .0120 -1.88441 
3625 87.0 .0565 10.207 .997 0.0992 .00555 -2.25571 
0675 93.0 .0015 10.207 .997 0.0982 .00310 -2.50864 
$1725 95.2 .0214 10.207 .997 0.0982 .00210 -2.67770 
3750 95.2 .0214 10.207 .997 0.0912 .00210 -2.2777 
3800 95.0 .0186 10.207 .997 0.0982 .00103 -2.75755 
8$50 96.0 .0177 10.207 .997 0.0902 .00174 .2.75945 
2900 96.7 .0146 10.207 .997 0.0982 .00143 -2.84456 
MOO 96.9 .0137 10.207 .997 0.0982 .00155 -2.86967 
4000 96.9 .01$57 10.207 .997 0.0982 .00135 -2.86967 



Table No. 31 

Preparation: "Giv-Tan" irradiated three hours- 

Length a 

Extinction Coefficient, 

E 

Incident Erythemal 

Energy * Energy * 

2925, 2.0928 1.1390 0.0092 
2975 2.2999 6.5100 0.0326 
305 2.4569 10.0(40 0.0349 
3075 2.5718 3.5770 0.0396 
3125 24874 0.9734 0.0032 
3175 2.1772 0.3670 0.0038 
3225 1.6942 0.4550 0.0917 1.0790 0.0218 
3275 1.1E49 0.2090 0.0191 1.0200 0.0672 
3325 0.7706 0.1290 0.0219 0.9360 045w 
3375 0.4308 0.0456 0.0$2 04980 0.2959 
3425 0.2142 0.6690 0.4004 
3475 0.0806 0.5700 0.4738 
3525 0.0330 04880 0.4523 
3575 0.0129 04560 0.4427 

0.00553 0.3560 0.3514 
305 0.00310 0.3300 0.3078 
3725 0.00230 Slalia 9•2107 

Total.... 23.6050 0.2429 6.9420 3.2300 

% Triaimit 1.0% % Trenamfitted la  46.6% 

*Spreitesejaca z 10 



Fig. 12 Hydroquinine 



Table No. 32 

Preparations Hydroquinone Non-irradiated 

Solvents Methyl Alcohol, Spectre Grade 

Wart 
Length 

rite 

Trans- 
mission, 

0 

Optical 
Density, 

UV (10) 

Conc., 
C 

0141000 
111 

Coll 
Thick- 

ea 
t 
. 

ACM,  
i r c 

re ,, 

Absorption 
Coefficient 

2 cm 

2250 5,23 
-t• 

1.2015 1.0229 .998 0.9785 1.2339 0.09830 
2300 11.4 .9490 1.0239 .998 0.979$ 0.9227 -0.02494 
2350 27.1 .5670 1.0239 .990 0.9795 0.5540 -0.25586 
2400 56.9 .2449 1.0239 .990 0.9785 0.2396 -9.62051 
2450 76.2 .1180 1.0229 .998 0.9705 0.1155 -0.93742 
2500 43.2 .0799 1.0239 .998 0.9705 0.0782 -1.10679 
2580 166.6 .0625 1.0239 .098 0.9785 0.0612 -1.21220 
2600 $6.1 .0650 1.0239 .990 0.9785 0.0636 -1.19684 
2650 80.1 .0964 1.0239 .998 0.9705 0.0943 -1.02549 
2700 69.4 .1586 1.0239 .996 0.9786 0.1552 -0.00911 
2750 55.2 .2581 1.0239 .998 0.9785 0.2326 -0.59707 
2800 40.2 .3908 1.0239 .998 0.9785 0.2873 -0.41195 
2630 29.9 .5243 1.0239 .990 0.9785 0.5130 -0.28988 
2900 22.0 .6460 1.0289 .990 0.0705 0.6321 -0.19921 
2925 21.5 .6680 1.0139 .298 0.9785 0.6536 -0.18461 
2975 21.9 .6600 1.0239 .998 0.0705 0.6458 -0.10990 
3025 29.4 .5317 1.08S9 .998 0.9705 0.6203 -0.28375 
2075 49.9 .3019 1.0229 .991 0.9785 0.2954 -0.52950 
3125 17.5 .7570 10.239 .997 0.0979 0.0742 -1.12960 
2175 72.9 .0400 10.239 .997 0.8079 0.0627 -1.20277 
3225 94.0 .0269 10.239 .997 0.0979 0.00264 -2.57840 
3275 90.2 .0019 10.239 .997 0.0979 0.000774 -0.11121 
3325 97.9 .0092 10.239 .997 0.0979 0.000901 -3.04527 
3375 97.5 .0110 10.239 .997 0.0979 0.001040 -2.96650 
$426 98.0 .0008 10.239 .997 0.0,79 0.000062 -2.06449 
3175 90.2 .0079 10.239 .997 0.0979 0.000774 -3.11126 
3025 98.2 .0079 10.239 .997 0.0979 0.000774 -3.11126 
3575 98.2 .0079 10.239 .997 0.0919 0.000774 -3.11126 
3625 98.2 .0079 10.239 .997 0.0979 0.000774 -3.11126 
3675 98.2 .0079 10.239 .997 0.0979 0.000774 -2.11126 
3725 98.2 .0079 10.239 .997 0.0979 0.000774 4.11126 
2750 98.2 .0079 10.239 .99? 0.0979 0.000774 -3.11126 
3800 99.2 .0079 10.239 .997 0.0979 0.000774 -5.11224 
2850 90.4 .0070 10.239 .997 0.0179 0.00009 -2.16368 
3900 98.8 .0062 10.239 .997 0.0979 0.000509 -3.29220 
2950 98.0 .0052 10.229 .997 0.0079 0.000509 -3.29320 
4000 28.9 .0048 10.239 .997 0.0979 0.000470 -342790 



Table No. 33 

Preparation: Hydroquinone Non-irradiated 

Solvent: Methyl Alcohol, Spectre Grade 

Wave 
Length 

nit o 

Extinction 
Coefficient, 

E 

Incident 
Erythema' 
Energy * 

Transmitted 
Erythema' 
Energy * 

Incident 
Tanning 
Energy * 

Transmitted 
Tanning 
Energy * 

2925 0.6536 1.1390 0.2528 
2975 0.6458 6.5100 1.4715 
3025 0.5203 10.0000 3.0184 
3075 0.2954 3.5770 1.8120 
3125 0.0742 0.9743 0.8208 
3175 0.0627 0.5670 0.4909 
3225 0.00264 0.4550 0.4527 1.0790 1.0736 
3275 0.000774 0.2390 0.2684 1.0200 1.0180 
3325 0.000901 0.1290 0.1267 0.9360 0.9341 
5375 0.001080 0.0456 0.0455 0.7980 0.7972 
3425 0.00E3ee2 0.6690 0.6677 
5475 0.000774 0.5730 0.5689 
3525 0.000774 0.4880 0.4870 
3575 0.030774 0.4560 0.4551 
3625 0.000774 0.3563 0.3553 
3675 0.000774 0.3100 0.3994 
3725 0.00(Y774 0.2600 Q.2595 

Total... 25.6850 8.7817 6.9420 6.9258 

% Transmitted = 37.1% % Treasaitted = 99.8% 

* 1-vitens/em2 x 10 



Table No. 34 

Preparation: Hydroquinone Irradiated 3 hrs. e. 

Solvent, Methyl Alcohol, Spectro Grade 

Wave 
Length 

er,  

: 

Trans- 
mission, 

ST 

Optical 
1722111tY 

Log ( 

_ 

Cons" 
C 

Om/l000 
al 

C*11 
Thick- 
nee*, 
em 
t 

Absorption 
Coefficient, 

2 
Log 1% 

co 

2250 S.49 1.4101 1.0033 .998 0.9998 1.4084 0.14964 
2300 2.90 1.0500 1.0022 .99$ 0.9988 1.0493 0.01071 
2350 24.3 .6110 1.0032 .991 0.9989 0.6103 -0.21441 
2400 54.6 .2628 1.0032 .999 0.9988 0.2625 -0.59011 
2460 72.1 .1361 1.0032 .998 0.9989 0.1359 4.86671 
2500 11.9 .9340 10.052 .997 0.0900 0.09229 -1.03442 
2550 17.1 .7670 10.032 .997 0.0999 0.07668 -1.1138 
2600 42.9 .0762 Lona .998 0.9998 0.07611 -1.11054 
2460 78.1 .1073 1.0032 .998 0.9988 0.1072 -0.96904 
2700 68.1 .1669 1.0032 .998 0.9989 0.1667 -0.77E4 
2750 64.1 .2666 1.0032 .99$ 0.9969 0.2668 -0.57424 
2400 39.0 .4089 1.0022 .999 0.9988 0.4094 -0.34893 
2950 27.2 .5650 1.0032 .991 0.9998 0.5643 -0.24842 
2900 20.9 .6800 1.0032 .999 0.9988 0.6792 -0.19904 
2923 14.4 .7250 1.0032 .99$ 0.9999 0.7341 -0.13424 
2975 21.9 .9600 1.0022 .992 0.9999 0.9592 -0.18094 
3 5 28.9 .5406 1.0032 .999 0.9998 0.5400 -0.26761 
5 48.1 .3179 1.0032 .999 0.9982 0.3175 -0.49824 

11.? .9320 10.0241 .99? 0.0999 0.09318 -1.03061 
50.4 .2336 10.032 .997 0.0999 0.02336 -1.601E4 
72.6 .1397 10.032 .997 0.0999 0.01097 -1.11641C 
91.9 .0867 10.032 .997 0.0999 0.009669 -2.06201 
82.9 .0914 10.032 .997 0.0999 0.008129 -2.011941 
83.0 .0809 10.002 .909 0.0999 0.009069 -2.09211 
84.9 .07110 10.032 .997 0.0999 0.007109 -2.14811 
85.2 .0496 10.022 .927 0.0999 0.006954 -2.15781 

3525 85.2 .0496 19.032 .997 0.0999 0.00695$ -2.15761 
3575 85.4 .0645 10.002 .997 0.0909 0.0061149 -2.18444 
3625 86.0 .0655 10.032 .98?  0.0999 0.006548 -2.18382 
3675 86.7 .0620 10.032 .997 0.0999 0.006199 -2.20761 
$725 6/.1 .0600 10.032 .997 0.0999 0.805999 -2.22192 
3750 17.9 .0560 10.032 1t97 0.0999 0.005599 -2.25112 
3800 80.1 .0550 10.032 .997 0.0999 0.005499 -2.26972 
2850 98.8 .0519 10.032 .997 0.0999 0.005159 -2.28744 
3900 89.4 .041? 10.002 .997 0.0999 0.004869 -2.31294 
3950 90.2 .0449 10.032 .99?  0.0999 0.004479 -2.34881 

90.2 .0448 10.032 .997 0.0999 0.004479 -2.34081 



Table No. 35 

Preparation: Hydroquinone Irradiated 3 hrs. 

Solvent: Methyl Alcohol, Spectra grade 

Wave 
Length 

!P  

Xxtinction 
Coefficient, 

X 

incident 
Nrythemal 
Nnergy * 

Transmitted 
Xrythemal 
lhergy * 

incident 
Tanning 
Xnergy * 

Trunsaitted 
Ihnniag 
Xnercy • 

2925 0.7341 1.1390 0.2101 
2975 0.6592 6.5100 1.4270 
3025 0.5400 10.0000 01.8843 
3075 0.3175 3.5770 1.7222 
3125 0.09316 0.9743 0.7607 
3175 0.02336 0.5670 0,5374 
3225 0.01397 0.4550 0.4409 1.0790 1.0455 
3275 0.001661 0.2890 0.2531 1.0200 0.9990 
3325 0.0001011 0.1290 0.1266 0.9560 0.9195 
3375 0.009048 0.045f 9.047 0.7990 0.74131 
3425 0.007109 0.6690 0.6555 
3475 0.006951 0.5700 0.5610 
3525 0.006959 0.4800 0.4603 
3575 0.006849 0.4560 0.4488 
3625 0.006548 0.3560 0.2507 
3675 0.006199 0.3100 0.3057 
3725 0.005999 0.40 0456*  

Total.. k6850 1.4620 6.9420 6.1075 

% Transmitted = 85.7% %Transmitted = MO 

* X-vitone/cm2 It 10 



Fig. 13 Ethyl p-(glucosylimino) benzoate 



Table No. 36 
_ - 

Prip&rntiOn2 Mori p-(glue4aylimina)bonsoate nom.irrodisted 
Solventt Methyl Alcohol, Solvent Grade 

Wave Trent- 0ptt€ a3. 
Length mission 33esity 

lip % T ( 

canc., c 

0410004 

11 
/hick- 
IWO*, 
Cs. 
? 

Absorption 
Coefficient, 

2 

Log 3 1% 
lea x c 

2250 22.9 .6400 1.0254 .998 0.9772 0.644 .0.20364 
2300 364 .4179 1.0254 .998 04772 0.4024 .0.38891 
2350  704 •1530 1.0254 498 04772 0.1493 .00.82556 
2410 84.3 4742 1454 498 04772 0.0723 443966 
2450  774 .1065 1.0254 .998 0.9772 04060 .047469 
2530 66.4 .1776 140254 .998 04772 0.1.737 .046020 
2660  411.3 4161 1.0254 .996 0.9772 0.3069 -0.51018 
2600 304 .5171 1.0054 .998 0.9772 005055 .0.29645 
2650 15.8 *MID 1.0254 498 04772 0.7827 .0.10640 
2700 S0.9 4921 0.30254 498 9.772 0.9000 -0.09457 
2750  76.8 .1146 04A234 .998 9.772 1.1199 0034922 
2800 7262 .1415 0.10254 .998 9.772 1.3827 0.13082 
2850 69.2 .1599 040254 .998 9.772 14623 0.19396 
2900 66.9 .1746 0.10254 .996 9.772 1.7062 0.23198 
2925 67.3 .1720 0.10254 .998 9.772 1.66E0 0.22557 
2975 69.2 .1599 0.10254 •992 9.772 1355 25 0.19396 
3025 75.8 .1203 0.10254 .998 9.772 1.17 0.06041 
3075 13.5 4700 1.0254 .998 0.7772 04502 -0.07048 
3125 35.2 4535 1.0254 .998 0.9772 0.4236 -.0.37304 
3175 664 .1791 3,054 .998 0.9772 04750 -0.75696 
3226 34.8 .4584 10.254 .997 049782 0.04484 -1.34833 
3275 76.9 4141 10254 .997 0.09782 0.01116 4.95234 
3325 95.5 .0200 10454 •997 0.09782 0.001956 .4.70265 
3375 99.0 .0044 10,4254 .997 0.09782 0000E7430 -3.36633 
3425 99.6 .0017 10.254 .997 0.09782 0.0001A6 .-1477969 
3475 99.6 .0017 10.254 497 0.09782 0.002166 -3.77969 
3626 99.6 .0017 10.254 497 0.09782 0.4t70166 -3.77480 
3575 99.6 •0017 10.254 .997 0.09782 0400166 *3.77989 
3625 99.6 .0017 10.254 .997 0.09762 0.0001.66 -3.77989 
36l75 99.6 .0017 10.254 .997 0.09782 0.000166 ...3.779e9 
3725 99.6 .0017 10.254 .997 0 8 , '3•=189 
2750 
3800 
3850 
3900 
3950 
4000 

1004 
100.0 
100.0 
1004 
100.0 
1004 

.0000 
.0000 
.0000 
.0000 
#0000 
.0000 

10.254 
10.254 
10.254 
10.254 
10.254 
10.254 

997 
497 
.997 
.997 
497 
.997 

0 
0.t39782 
0.09782 
049762 
0.09782 0.09782 

0 

0. 
0.0°0°00 
0`W" 0.000000 

41.111~ 

UMW, 

Mer•••• 

.... 

... 



Table No. 37 

Preparation: Ethyl p-(glucosylimino)benzoate non-irradiated 

Length 

/0  

Extinction 
Coefficient 

E 

l id t 
Erythema 1. 

* 

tted 
Erythema 
Energy * 

Incident 
Tanning 
Enemy * 

Transmitted 
Tanning 
Energy * 

2925 1.6808 1.1390 0.0238 
2975 1.5625 6.5100 0.1783 
3025 1.1756 10.0000 0.6671 
3075 0.8502 3.5770 0.5051 
3125 0.4236 0.9734 0.3669 
3175 0.1750 0.5670 0.3790 
3225 0.04484 0.4550 0.4103 1.0790 0.9729 
3275 0.0111.6 0.2890 0.2817 1.0200 0.9942 
3325 0.001956 0.1290 0.1286 0.9360 0.9332 
3375 .000430 4.045i 0.0454 0.7980 0.7972 
3425 000166 0.6690 0.6690 
3475 0.0001.66 0.5700 0.5700 
3525 0.000166 0.4880 0.4880 
3575 0.000166 0.4560 0.4560 
3625 0.000166 0.3560 0.3560 
3675 0.000166 0.3100 0.3100 
3725 0.000166 0.2000 0.2600 

Total... 23.6850 2.9863 6.9420 6.9065 

% Transmitted m12.6% % Transmitted ge 98.1% 

* B.mitons/om2x 10 



Table No. 38 

Preparation: Ethyl p-(glucosylinino)Benzoate Irradiated 3 hrs. 

Solvent: Methyl Alcohol, Spectra Grade 

Wave 
Length 

Trans- mission 

*e 

Optical 
Density., 

Log (itia) 

Conc., 
C 

Onik000 
al 

Cell 
?hick- 

am 
t 

nese,  
t ar C 

Absorption 
Coefficient, 

X 
146 xg. 

2250 18.3 0.7380 1. .999 1.0020 0.7305 -6.13106 
2200 231.8 0.44916 1.000 .990 1.0020 9.4906 -0.30225 
2350 61.2 0.2132 1.000 .998 1.0020 0.2137 -0.97019 
24 75.2 0.1228 1.000 .998 1.0020 0.1200 -0.90650 

70.1 0.15$5 1.800 .990 1.0020 0.1549 -0.81079 
2500 59.3 0.2269 1.000 .998 1.0020 0.2274 -0.64223. 
2550 43.1 0.3655 1.000 .991 1.0020 0.3662 -4.42928 
2400 26.9 0.5700 1.000 .998 1.0020 0.5111 -0.24329 
2650 05.2 0.0696 9.100 .998 10.021r 0.6974 -0.15652 
2700 TEl 0.1046 0.100 .998 10.020 1,0400 0.02036 
2150 73.5 0.1337 0.100 .990 10.020 1.3397 0.12110 
2900 69.2 0.1509 0.100 .999 10.020 1.6022 0.20469 
21150 65.9 0.1811 0.100 .998 10.020 1.8146 0.25008 
2900 44.0 0.1931 0.3.00 .990 10.020 1.9419 0.26825 
2925 64.3 0.1925 0.100 .999 10.020 1.9289 0.28533 
2975 96.4 0.1778 0.309 .091 10,020 1.7916 0.25091 
3025 73.0 0.1367 0.100 .998 10.020 1.2697 0.12672 
3075 11.0 0.9280 1.000 .998 1.0020 0.9299 -0.03155 
2125 32.6 0.4960 1.000 .994 1.0020 0.4878 -0.31176 
3175 $2.2 0.2092 1.000 .999 1.0020 0,2066 -0.0487 
3225 31.5 0.5017 10.000 .997 0.103 0.05032 -1.29029 
3275 13.1 0.1319 10.000 .997 0.1003 0.01222 -1.07044 
3325 92.5 0.0339 10.000 .991 0.1003 0.00340 -2.46053 
3375 97.6 0.0105 10.000 .997 0.1003 0.00106 -4.97757 
3425 99.1 0.3029 10.300 .997 0.1005 0.000391 -2.40760 
3475 99.8 0.0009 10.000 .097 0.1003 0.0000903 -4.04431 
2525 99.1 0.0009 10.000 .997 0.1003 0.0000903 -4.04431 
3825 99.8 0.0009 10.000 .997 0.1003 0.0000908 -4.04431 
5625 99.1 0.0009 10.000 .997 0.1003 0.0000903 -4.04433. 
3975 99.0 0.0009 10.000 .997 0.1003 0.0000902 4.04421 
3725 99.9 0.0009 10.000 .997 0.1003 0.0000903 -4.04421 
3150 100.0 0.0000 10.000 .997 0.1003 0.00000 -4.06621 
MO 100.0 0.0000 10.000 .997 0.1005 0.00000 -4.04431 
3850 100.0 0.0000 10.000 .997 0./003 0.00000 -6.04421 
2900 100.0 0.0000 10.000 .997 0.1003 0.00000 -4.04481 
2950 100.0 0.0000 10.000 .397 0.1003 0.00000 -4.04431 
4000 100.0 0.0000 10.000 .997 0.1003 0.00000 -4.04431 



Table No. 39 

Preparation: Ethyl para-(glucoeylimino)benzoate irradiated 3 hours 

Wave Length 

a 

Extinction 
Coefficients  

E 

Incident 
Erythema 
Energy * 

omitted Erythemal 

Energy * 

Incident 
Tanning 
Energy * 

Transmitted 
Tanning 
Energy * 

2925 1.9289 1.1390 0.0134 
2975 1.7816 6.5100 0.1077 
3025 1.3697 10.0000 0.4868 
3075 0.9299 3.5770 0.4207 
3125 0.4878 0.97% 0.3169 
3175 0.2066 0.5670 0.3525 
3225 0..05032 0.4550 0.4052 1.0790 0.9608 
3275 0.01323 0.2890 0.2806 1.0200 0.9902 
3325 0.00340 0.1290 0.1280 0.9360 0.9286 
3375 0.00105 0.04$ 0.(m} 0.7980 0;7964 
3425 0.000391 0.6690 0.6683 
3475 0.0000903 0.5700 0.5697 
3525 0.0000903 04880 0.4555 
3575 0.0000903 0.4560 0.4555 

0.0000903 0.3560 0.3556 
367 0.0000903 0.3100 0.3097 

0.0000903 0.2600 0.2597 

Total.  23.6850 2.4971 6.9420 6.7820 

% Trsameittod u. 10.5% % Transmitted w 97.7% 

* E-vitormiem2 x 10 



Fig. 14 Sodium para-aminobenzoate 



Table NO. 40 

Preparation: Sodium Para-aminobenzoate non-irradiated 

Solvent) Distilled Water 

I
  Trans- 

mission 

0 

Optical 
DOU,Sity,  

:WA 

Cent" 
C 

/1000 
*1 

Cell 
Thick- 
ROOS 
ea 
t 

t x 

Absorption 
Cooffioisati  

X 

2250 32.6 .4$610 1.0032 .998 0.9901 0.4162 -0.331319 
2300 48.0 3272 1.0032 .991 0.9910 0.338* -0.47263 
2550 45.3 4935 1.0092 .994 0.998$ 0,3631 -0.44001 
2400 31,0 ,03118 1.0932 .994 0.9991 04010 -0.29414 
2450 10.2 .740 1.0033 .99$ 0.1990$ 0.7391 -4.13150 
2500 79.$ .0940 0.10092 .99$ 9.964 0.916$ -0.00931 
2550 74.4 .1204 0.10032 .99$ 9.988 1.2325 0.10425 
2600 99.5 015$0 0.10ma .991 9.948 Levol 0.19111 
2650 61.0 .1470 0.10023 .90$ 9.848 1.6780 0.22350 
2700 66.7 .1630 0.10002 .99$ 9.908 1.9240 0.21165 
2750 70.7 .1106 0.10052 .99$ 0.948 1.8042 0.17725 
2600 73.2 .1355 0.10094 .19$ 9.984 14035 0.13146 
4890 77.0 .1000 0.10032 .994 9.986 /.0867 0.02703 
2900 10.4 .4120 1.0092 .991 0.9989 0.8110 -0.49094 
2925 20.2 .6980 1.0052 .994 0.9964 0.0110 4.15162 
2975 34.9 .4072 1.0092 .99$ 0.0961 0.4567 -0.34097 
3025 54.0 .2676 1.0032 .99$ 0.9984 0.2473 0447500 
2075 10.7 .0710 10.032 .997 0.0999$ 0.0971 -1.0127$ 
3125 41.4 .9708 10.023 .197 0.0999$ 0.0379 -1.42126 
3175 75.9 .1014 10.032 .99Y 0.0999$ 0.0151 -1.04273 
3225 $9.8 .0491 10.032 .99? 0.01998 0.00467 442048 
8275 95.2 .0214 10.032 .997 0.09961 0.00214 -2.1909$ 
3025 97.5 .0119 10.032 .997 0.09988 0.00119 -2.92445 
3375 98.1 .0003 10.032 .99? 0.09960 0.000930 -3.01012 
5425 96.1 .0045 10.052 JO 0. 1, 0.000450 -3.00092 
3475 91.6 .0052 10.012 .997 0.09914 0.03052 4.20400 
3529 90.2 .0079 10.052 .997 0.00198 0.00071 -3.10237 
2575 97.4 .009? 10.092 497 0.09949 0.00097 -3.01328 
8120 99.0 .0044 10.08* .99? 0.09964 0.00044 -$.39655 
5475 91.9 .004$ 10.053 .9,7 0.00$$$ 0.0004$ -3.31671 
0790 991.2 .001"9 10.032 .99? 0.00998 0.00079 -3.10257 
3750 98.8 .0052 10.039 .917 0.09061 0.00053 -3.28400 
5100 96.2 .0071 10,052 .997 0.09980 0.000/9 -3.10237 
3850 96.4 .0070 10.032 .917 s  0.09948 0.00070 -8.15410 
3900 94.2 .0079 10.032 .997 0.09998 4.00079 -9.10227 
5950 99.0 .0044 10.004 .997 0.09918 0.00044 -5.25655 
4000 99.5 .0022 10.048 .997 0.09908 0.00022 -3.45758 



Table No. 41 

Preparation: Sodium Para-aminobenzoate moo-irradiated 

Solvent: Distilled Water 

Wave 
Length 

mr 

Extinction 
coefficient 

E 

Incident 
Erythamal 
Energy * 

Transmitted 
Erythesbal 
Energy * 

Incident 
Tanning 
Energy * 

Transmitted 
Tanning 
Energy * 

2925 0.6942 1.1390 0.2303 
2975 0.4567 6.5100 2.2746 
3025 0.2673 10.0000 5.4050 
3075 0.0971 3.5770 2.8593 
3125 04379 0.9734 0.8922 
3175 0.013). 0.5670 0.5505 
3225 0.00467 0.4550 0.4505 1.0790 1.0683 
5275 0.00214 042890 0.2876 1A200 1.0149 
3323 0.00119 0.1290 0.1287 0.9360 0.9341 
3375 0.00083 0t0456 0t0451 0.7980 0.79M 
3425 0.00083 0.6690 0.6677 
3415 0.00052 0.5700 0.5694 
3523 0.00079 0.4880 0.4875 
3575 0.00097 0.4560 0.4551 
3625 0.00044 0.3560 0.3556 
3675 0.00048 0.3100 0.3097 
3725 0.00079 nitaga_ 9,2597 

Total... 23.6850 13.1242 6.9420 6.9184 

% Transmission .., 55.4% S Transmission im 99.7% 

* Ite-vitonilestax 10 



Table No. 42 

Preparation: Sodium Para-aminobenzoate Irradiated 3 hrs. 

Solvent: Distilled Water 

Wave 
Length 

Mr 

?rims- 001041 
mission Donsity. 

0 Log ( 

Osne., 
0 

am/1000 
ml 

Dell 
Thick- 

am
106$ 

 
t 

t x 

-1. -; :, - 

Absorption 
Coeffloiont, 

2 

-,- - r), c ,Z . 1' \' i -Y .  

Le 

-.,,,-4rw---,  mrv..,  
2250 27.6 

,- --1.10%vo-, 41,1-tr r 
0.5590 

V -c-,,,,,,, I "- , 
1.1265 

., - - r-fm.., 

.998 0. 58s5 0.4972 
- 4  h-' ? l 4. 

- .30547 
2300 41.3 .5840 1.1295 .9190 0.8898 .3416 - .46649 
2350 38.9 .4101 1.1265 .998 0.8695 .3648 - .43795 
2400 26.8 .5720 1.1265 .99S 0.0895 .5088 - .29545 
2450 15.2 .8190 1.1265 .998 0.8095 .7276 - .13811 
2500 77.3 .111$ 0.11265 .998 8.8950 .9945 - .00240 
2505 71.9 .1452 0.11265 .999 9.0950 1.274/ 0.10504 
2600 67.4 .1701 0.1.1265 .998 8.9990 1.0130 .17984 
2650 65.0 .1671 0.11265 .998 9.8050 1.6649 .22115 
2700 65.1 .1864 0.11265 .998 8.8950 1.05410 .2105$ 
2750 67.2 .1726 0.11285 .998 8.5950 1.502 .16811 
2800 70.4 .1614 0.11965 .998 8.8950 1.3556 apes 
2950 73.8 .1319 0.11265 .998 8.0950 1.1733 .06030 
2900 11.9 .9240 1.1285 .999 0.8005 .9219 -.08518 
2028 16.8 .7750 1.1265 .998 0.8895 .6894 -.16153 
2975 30.0 .5229 Lusts .998 0.0895 .4511 -.23245 
3025 46.2 .3170 1.1265 .998 0.8895 .2920 -.54915 
3075 8.10 1.01115 11.265 .997 0.08904 .0972 -1.01233 
3125 34.5 .4584 11.266 .997 0.01904 .0408 -1.38934 
2175 65.2 .1858 11.2*5 .99? 0.00904 .0165 -1,78252 
3225 $1.5 .04118 11.265 .997 0008904 .0079/ 4.10112 
3275 87.2 .0095 11.265 .997 0.08904 .00530 -2.21512 
3325 90.0 .0457 11.265 .997 0.08904 .00200 -2.39041 
3375 90.8 .0419 11.265 .997 0.08904 .00873 -2.42929 
$425 90..4 .0430 11.265 .991 0.09904 .00390 -2.40894 
3475 90.7 .0424 11.265 .997 0.08904 .00378 -2.42251 
3825 90.2 .0448 11.265 .997 0.00904 .00299 -2.59905 
3875 90.0 .04.07 11.285 .99? 0.08904 .0C40/ -2.20041 
5625 99.4 .0487 11.265 .99? 0.08004 .00454 -2.86231 
5675 90.0 .0451 11.245 .997 0.08904 .00407 -2.39041 
2725 89.9 .0467 11.265 .99? 0.08904 .00418 -2.38091 
0750 89.8 .0467 11.263 .997 0.08904 .00416 -2.36091 
3900 99.5 .0482 11.265 .99? 0.08904 .00429 -2.36754 
3850 90.4 .0438 11.295 .99? 0.09904 .00320 -2.40894 
00 90.0 .0457 11.265 497 0.00904 .00407 -2.39041 

3850 90.1 .0453 11.265 .997 0.09904 .004025 -2.39469 
1000 90.4 .0459 11.268 .997 0.08904 .00290 -2.40694 



Table No. 43 

Preparation: sodium Para-aminobenzoate irradiated 3 bears 

Solvent: Distilled Water 

Wave 
Length 

up' 

Extinction Coefficient 

Z 

Incident 
Erythemal 
Energy * 

Transmitted 
Erythemal 
Energy * 

Incident 
Tanning 
Energy * 

Transmittal 
Tanning 
Energy * 

2925 0.6894 1.1390 0.2328 
2975 0.4561 6.5100 2.2310 
3025 0.2820 10.0000 5.2247 
3075 0.0972 3.5770 2.8593 
3125 0.0408 0.9734 0.8865 
3275 0.0165 0.5670 0.5457 
3225 0.00791 0.4550 0.4470 1.0790 1.0069 
1275 0.00530 0.2890 0.2853 1.0200 1.0599 
3325 0.00407 0.1290 0.1278 0.9360 0.9277 
3375 0.00373 0.0/46 0.0412 0.7980 0.7925 
3425 0.00390 0.6690 0.6630 
3475 0.00378 0.5700 0.5649 
3525 0.00399 0.4860 0.4836 
3575 0.00407 0.4560 0.4519 
3625 0.00434 0.3560 0.3525 
3675 0.00407 0.3t00 0.3072 
370 0.001416 04600 04577 

1ata... 23.6850 12.8853 6.9420 6.6676 

% Transmitted ow 54.4 % % Transmitted so 98.9% 

* Z-vitaassfam2 x 10 



Fig., 15 Tannic Acid 



Table No. 44 

Preparations Tannic Acid Non-irradiated 

Solvent: Methyl Alcohol, Spectra Grade 

a 

my' 

1R 
mission 

0 

t 
Density, 

.... 

0ene.. 
C 

COO 

041 
/Utak-
nolo 
tit 
if 

1  
t x 

Abp ►tl 

3 

1.117 r,4,0 
2280 

,., irvm",mic 
1.90 

, ,-,(,-; = i *Ir.- , 

65 
J1'1' ,"., ', 

.991 
l ,...\ A 

0.8237 1.4176 0.15155 
2200 6.22 1.80W 1,21i5 .998 0.9237 0.9935 0.00050 
2350 32.11 0.41141 1.2165 .998 0.1237 .3988 -0.40954 
2400 50.1 0,3002 1.23.65 .998 0.8237 .3473 -0.60111911 
2450 46.0 0.3372 1,2165 .998 0.11337 .3779 -0.55627 
21500 34.9 os4vra 1.2165 .9911 0.8237 .3764 -9.42412 
2550 24.5 0.5140 1.2165 .999 0.1237 .110511 4.29609 
2600 3$.0 0.7960 1.2165 .998 0.8237 .4567 -0.1$3;W 
2650 1,0.* 0.9970 1.2165 .99* 0.9237 .7965 -0.09391 
2700 7.19 1.1085 1.2165 .999 0.8237 *93.31 -0.0294* 
2750 7.00 1.1549 1.215 .998 0.9237 .961,3 -0.02169 
2800 7 33 1.1469 1.2155 .99* 0.8237 .944? -0.03471 
2950 7.55 1.1221 1.23A5 .9911 0.8237 .9243 -0.024419 
2900 9.47 1.0236 1.2115 .99* 0.8237 .1433. -0,07412 
2925 10.9 .9570 1.2165 .998 0.8237 .7965 -0.09083. 
2973 13.1 .1600 1,2165 .1191 0.8237 .7044 4.14972 
3025 19.0 .7210 14165 .998 0.82211  .5939 -0.321120 
30,5 28.1 .5510 1.3165 .998 0.8227 .4659 4.34209 
3125 44.4 .353.6 1.2165 .99* 0.9237 .2891 -0.53920 
3175 64.2 .1.925 1.2165 .999 0.9237 .1506 4.79970 
3225 18.5 .7350 12.165 .997 0.09245 .0604 -1.21996 
3275 51.1 .2916 12.165 .997 0.09240 .0240 -1.61979 
3225 71.1 .1073 12.165 .997 0.09245 .00885 -2.05306 
5375 09.3 .0492 12.3.65 .097 0.09245 .00408 -2,5930 
3425 93.0 .0292 12.165 .997 0.08245 .00241 -2.61791 
5475 95.0 .0223 32.165 .997 0.08245 .00184 -2.73518 
21525 95.2 .0214 1,3465 .997 0.08248 .00176 4.7540 
3,75 95.2 .0214 12415 .991 048245 .00176 -3.75449 
5625 95.5 .0200 12.165 .91? 0.08245 .00155 -2.1712911 
3675 95.11 .0116 12.165 .997 0.08245 .00153 -2.91531 
erna 96.5 .01.65 12.165 .997 0.08245 403.2* 4.89279 
3750 96.11 .0141 12465 .997 19.11fee45 .0011* -2.93564 
OM 97.4 .0114 12.165 .997 0.08245 .000940 -3.82691 
5850 98.2 .0079 12 465 .907 0.08245 .000651 -3.111642 
3900 911.8 ,0052 13.165 .997 0.08245 .000429 -3.36754 
5950 99.0 .0044 32.155 .997 0.01045 .000563 -3.4009 
4000 994 .0039 12.165 .997 0.08245 .000322 -5.49214 



Table No. 45 

Preparation: Tannic Acid Non-irradiated 

Solvent: Methyl Alcohol, Spectro Grade 

Wave 
Length 
imp 

Extinction 
Coefficient, 

I 

Incident 
Erythemal 
Energy * 

Transmitted 
Erytheaal 
Energy * 

Incident Transmitted 
Tanning Tanning 
Energy * Energy * 

2925 .7965 1.1390 0.1820 
2975 .7084 6.5100 1.2740 
3025 .5939 10.0000 2.5471 
3075 .4539 3.5770 1.2577 
3125 .2896 0.9734 0.6755 
3175 .1586 0.5670 0.4935 
3225 .0604 0.4550 0.4305 1.0790 0.9391 
3275 .0240 0.2890 0.2831 1.0200 0.9649 
3725 .00885 0.1290 0.1278 0.9360 0.9167 
3775 .00406 0.0446 0.0457 0.7980 0.7909 
3425 .00241 0.6990 0.6650 
3475 .00184 0.5700 0.5679 
3525 .00176 0.4980 0.4865 
3575 .00176 0.4560 0.4546 
3625 .00165 0.3560 0.3549 
3675 .00153 0.3100 0.3091 
3725 .00128 0.2609 9.259  

Total... 23.6850 7.3165 6.9420 6.7089 

% Transmitted = 30.9% % Transmitted = 96.6% 

* 3F.vitons/cs2 x 15 



Table No. 46 

Preparation; Tannic Acid Irradiated 3 hrs. 

Solvent: Methyl Alcohol, Spectro Grade 

Wave 
Length 

miN 

Trans- 
mission, 

0 

Optical 
Density-. 

Log (02) 

Conc., 
0 

0m/1000 
ml 

Cell 
Thick- 
nese,  
cm 
t 

1 
t x a 

Absorittion 
Coefficient, 

E 1% Log Elem  

2250 1.55 1.8100 1.112 0.998 0.90106 1.6310 0.21245 
2300 10.1 .9960 1.112 0.998 0.90106 .8775 -0.05675 
2350 58.2 .4191 1.112 0.998 0.90106 .3777 -0.42285 
2400 54.2 .2660 1.112 0.996 0.90106 .2397 - .62033 
2450 53.2 .2993 1.112 0.998 0.90106 .2697 - .57912 
2500 39.9 .3990 1.112 0.998 0.90106 .3595 - .44430 
2550 29.7 .5272 1.112 0.998 0.90106 .4751 - .32321 
2600 21.2 .6740 1.112 0.996 0.90106 .6073 - .21660 
2650 15.3 .6150 1.112 0.996 0.90106 .7344 - .13407 
2700 12.0 .9200 1.112 0.998 0.90106 .8290 - .08144 
2750 11.2 .9510 1.112 0.998 0.90106 .8569 - .06707 
2800 11.2 .9510 1.112 0.998 0.93106 .8569 - .06707 
2850 12.8 .8930 1.112 0.998 0.90106 .8047 - .09437 
2900 15.1 .8210 1.112 0.998 0.90108 .7396 - .13069 
2925 16.5 .7830 1.112 0.998 0.90106 .7056 - .15144 
2975 19.8 .7050 1.112 0.999 0.90106 .6335 - .19625 
3025 25.5 .9430 1.112 0.998 0.90100 .5344 - .27213 
3075 35.8 .4498 1.112 0.998 0.90106 .4053 - .39222 
3125 50.9 .2933 1.112 0.998 0.90106 .2643 - .57790 
3175 68.1 .1669 1.112 0.998 0.80106 .1504 - .62275 
3226 19.6 .7060 11.120 0.997 0.09019 .3639 -1.19450 
3275 50.9 .2933 11.120 0.997 0.09019 .0268 -1.57675 
3325 75.0 .1249 11.120 0.997 0.09019 .0113 -1.94692 
3375 54.9 .0711 11.120 0.997 0.09019 .00641 -2.19314 
3425 87.5 .0580 11.120 0.997 0.09019 .00523 -2.28150 
3475 87.8 .0565 11.120 0.997 0.09019 .00510 -2.22243 
3525 87.8 .0565 11.120 0.997 0.09019 .00610 -2.29243 
3575 96.8 .0615 11.120 0.997 0.09019 .00555 -2.25571 
3625 86.2 .0645 11.120 0.927 0.09019 .00582 -2.23508 
3675 86.2 .0845 11.120 0.997 0.09.019 .00582 -2.23508 
3725 87.8 .0585 11.120 0.997 0.09019 .00510 -2.28243 
5750 89.2 .0490 11.120 0.997 0.09019 .00447 -2.34909 
3800 92.9 .0320 11.120 0.997 0.09019 .00289 -2.53910 
3850 95.2 .0214 11.120 0.997 0.09019 .00193 -2.71444 
8900 96.8 .0141 11.120 0.997 0.09019 .00193 -2.89620 
3950 97.6 .0105 11.120 0.997 0.09019 .000947 -2.02365 
4000 98.1 .0063 11.120 0.997 0.09019 .000749 -3.12552 



Table No. 47 

Preparation: Tannic Acid Irradiated 3 hrs. 

Solvent: Methyl Alcohol, Spectra Grade 

Wave 
Length 
sir 

Extinction 
Coefficient, 

IC 

Incident Transmitted 
Ebythemal Erythemal 
Energy * Energy * 

Incident Transmitted 
Tanning Tanning 
Energy * Energy * 

2925 .7056 1.1390 0.2243 
2975 .6335 6.5100 1.5139 
3025 .5344 10.0000 2.9213 
3075 .4053 3.5770 1.4110 
3125 .2643 0.9734 0.5296 
3175 .1504 0.5670 0.4010 
3225 .0639 .4550 0.3929 1.0790 0.9318 
3275 .0265 .2890 0.2719 1.0200 0.9595 
3325 .0113 .1290 0.1256 0.9360 0.9114 
3375 .00641 .0456 0.0449 0.7980 0.7862 
3425 .00523 0.6690 0.6611 
3475 .00510 0.5700 0.5632 
3525 .00510 0.4880 0.4822 
3575 .00555 0.4560 0.4501 
3625 .00582 0.3560 0.3514 
3675 .00582 0.3100 0.3060 
3725 .00510 0.2600 0.2569  

Total.... 23.6850 7.8364 6.9420 6.6598 

% Transmitted = 33.1% % Transmitted = 95.9% 

* E-vitons/cm2x 10 



Fig. 16 Sunscreen "75-A" 



Table No. 48 

Preparation: Sunscreen "75-A" non-irradiated 

Solvent: Methyl Alcohol, Spectro Grade 

Wave Trans- 
Length mission 

si,leo. 0 

Optical 
Eansitv, 

Log ( ) 

Cone.. 
C 

041000 
xl 

Cell 
Thick- 

ca
nese 

t 

1  
t x C 

Absorption 
Coefficient. 

ID 
Leg 14 it 

lcs 

2250 18.2 .7400 1.0575 .996 0.9415 0.7012 -0.15418 
2300 24.8 .6060 1.0575 .998 0.9415 .5742 -0.24094 
2250 20.2 .6950 1.0815 .998 0.9418 .6585 - .18144 
2400 18.2 .7400 1.0575 .998 0.9415 .7012 - .15416 
2450 24.0 .6200 1.0E75 .998 0.9415 .5875 - .23090 
2500 54.3 .4168 1.0575 .998 0.9415 .2649 - .40351 
2550 43.2 .3958 1.0578 .998 0.9416 .3750 - .42397 
2600 33.1 .4802 1.0575 .998 0.9415 .4550 - .34199 
2650 25.6 .5880 1.0575 .998 0.9415 .5571 - .5407 
2700 20.3 .6930 1.0575 .996 0.9415 .6566 - .16270 
2750 17.2 .7640 1.0575 .998 0.9415 .7239 - .14032 
2800 16.0 .7960 1.0575 .998 0.9418 .7542 - .12251 
2850 16.1 .7930 1.0675 .998 0.9415 .7514 - .12418 
2900 17.6 .7540 1.0575 .998 0.9415 .7144 - .14609 
2925 18.8 .7260 1.0575 .998 0.9415 .6879 - .16247 
2976 22.2 .6540 1.057$ .998 0.9415 .6197 - .20762 
3025 26.8 Arno 1.0575 .998 0.9415 .5420 - .26600 
3075 36.0 .4427 1.0575 .998 0.9415 .43Q - .37634 
3125 46.5 .2325 1.0575 .998 0.9415 .2150 - .50169 
3175 57.0 .2441 1.0575 .998 0.9416 .2212 - .63582 
3225 68.9 .1624 1.05775 .998 0.9415 .1539 - .81276 
3275 21.9 .6600 16.5/5 .997 0.0949 .0626 -1.20242 
3325 65.2 .2581 10.$75 .997 0.0949 .0245 -1.51098 
3375 82.4 .0841 10.$75 .997 0.0949 .00798 -2.09600 
3426 93.2 .0606 10.575 .997 0.0949 .00290 -2.53760 
$475 97.8 .0097 10.875 .997 0.0949 .000920 -8.03621 
3845 99.1 .0039 10.575 .997 0.0949 .000270 -3.43180 
3576 99.2 .0035 10.575 .997 0.0949 .000332 -3.47886 
3625 99.2 .0035 10.575 .997 0.0949 .000$32 -8.47886 
3675 99.2 .0035 10.575 .99? 0.0949 .000502 -2.47886 
3726 99.2 .0035 10.575 .997 0.0949 .000332 -3.47886 
3750 99.2 .0038 10.575 .997 0.0949 .000332 -2.47886 
2800 99.2 .0035 10.575 .997 0.0949 .000332 -2.47816 
3850 99.2 .0035 10.575 .997 0.0949 .000352 -3.47866 
2900 99.2 .0038 10.575 .997 0.0949 .000332 -2.47286 
3950 99.2 .0035 10.575 .99? 0.0949 .000332 -8.47886 
4000 99.2 .0035 10.515 .997 0.0949 .000322 -3.47886 



Table No. 49 

Preparation: Sunscreen "5-A" non-irradiated 

Solvent: Methyl Alcohol, Spectro Grade 

Wave 
Length 

ate 

Extinction 
Coefficient, 

 E 

Incident 
Erythemal 
Energy * 

Transmitted 
Erythema 
Energy * 

Incident 
Tanning 
Energy * 

Transmitted 
Dinning  
Energy * 

2925 0.6879 1.1390 0.2336 
2973 0.6197 6.5100 1.5602 
3025 0.5420 10.0000 2.8711 
3073 0.4204 3.5770 1.3590 
3125 0.3150 0.9734 0.4714 
3175 0.2313 0.5670 0.3329 
3225 0.1539 0.4550 0.3193 1.0790 0.7552 
3275 0.0626 0.2890 0.2504 1.0200 0.8839 
3325 0.0245 0.1290 0.1219 0.9360 0.8847 
3373 0.00798 04436 0.448 0.7980 0.7893 
3425 0.00290 0.6690 0.6643 
3475 0.000920 0.5700 0.5689 
3325 0.000370 0.4800 0.4875 
3573 0.000352 0.4560 0.4555 
3625 0.000332 0.3360 0.3336 
3675 0.000332 0.3100 0.3097 
3725 0.000332 9.2600 (42397 

Total... 23.6830 7.5646 6.9420 6.4163 

% Transaitted so VAS % Transmitted le 92.4% 

* E-vitons/am2 x 10 



Table No. 50 

Preparation: Sunscreen 675-0 Irradiated 3 hrs. 

Solvent; Methyl Alcohol. Spectro Grade 

Wave 
Length 

!/.0.,  

Trans- 
mission. 

% 7 

Optical 
Density. 

Log ( 

Cone., 

C 

0,/1000 
al 

Goal 
Thick- 

cm 
t 

mess,  
t r e 

Absorption 
Coefficient, 

I 

1 ''• ''s 

Log At 

r ,fl 

2250 10.2 .7400 1.10$0 .998 0.90E7 
T1 

0.4687 -0.17477 
2200 21.2 .6740 1.1080 .998 0.9037 .6091 - .21531 
mum 17.1 .7670 1.1068 .998 0.9027 .6931 - .15920 
2400 16.0 .7960 1.1008 .994 0.9037 .7193 - .14089 
2430 20.9 .6000 1.1008 .998 0.9037 .6145 - .21470 
2500 36.7 .4353 1.1088 .996 0.903/ .3954 - .40517 
2650 41.0 .3872 1.1084 .998 0.9027 .3499 - .46606 
2600 26.1 .4425 1.1048 .998 0.0027 .3499 - .20806 
2650 29.6 .5251 1.1088 .998 0.9037 .4752 - .22312 
2700 36.2 .5820 1.1048 .998 0.9037 .5260 - .27901 
2E50 23.0 .6380 1.1088 .998 0.9037 .6766 - .22012 
2$00 21.8 .6620 1.1004 .99* 04037 Aom - .22314 
2650 22.0 .6540 1.1068 .908 0.9057 .5946 - .22577 
2900 22.4 .6420 1.1008 .998 0.9027 .3802 - .23642 
2926 23.8 .8230 1.1088 .99$ 0.9037 .5630 - .24949 
2975 25.0 .5800 1.1088 .990 0,9027 .5314 - .27451 
3025 20.4 .5467 1.1088 .998 0.9037 .4941 - .30410 
2075 36.6 .4542 1.1018 .998 0.9087 .3934 - .40517 
3125 46.2 .3449 1.1080 .998 0.9037 .3117 - .0620 
2175 55.8 .2534 1.1008 .998 0.904? .2290 - .64016 
3225 47.2 .1126 1.1081 .998 0.9037 .1560 - .60687 
3276 17.8 .7500 11.008 .907 0.09046 .0678 -1.1487? 
2325 50.2 .2998 11.048 .997 0.09046 .0211 -1.56703 
5315 76.2 .1068 11.088 .997 0.09046 .00966 -2.01542 
3425 91.8 .0572 11.088 .907 0.09046 .00337 -2.47227 
2475 95.8 .0106 11.008 .997 0.09046 .00168 -2.77469 
3125 90.0 .0088 11.088 .997 0.09046 .000794 -2.09909 
3575 98.0 .0011 11.086 .997 0.09046 .00079$ -2.09909 
3623 96.5 .0066 11.084 .997 0.09046 .000597 -8.22403 
2875 98.1 .0052 11.088 .991 0.00046 .000470 -3.22790 
5725 96.6 .0052 11.066 .997 0.09046 .003470 -3.32790 
3750 99.0 .0044 11.008 .997 0.09041 .00039$ -3.40002 
2400 98.0 .0044 11.08$ .997 0.09046 .000396 -3.40002 
3180 99.0 .0044 11.068 .997 0.09046 .000398 -3.40002 
3900 99.2 .0005 11.08$ .997 0.09046 .000217 -3.49894 
2950 99.2 .0036 11.008 .997 0.09046 .000317 -5.49894 
4000 99.2 .0025 11.04$ .997 0.09046 .000217 -3.49094 



Table No. 51 

Preparation: Sunscreen "75-A" irradiated 3 hrs. 

Solvent: Methyl Alcohol. Spectro Grade 

Wave Extinction Incident Transmitted Incident Transmitted 
Length Coefficient. Erythemal Erythemal Tanning Tanning 
Alp E 3norgy * Xnergy * Inergy 1* lnergy * 

2925 .5630 1.1390 0.3115 
2975 .5314 6.5100 1.9147 
3025 .4941 10.0000 3.2051 
3075 .3934 3.8770 1.4458 
3125 .3117 0.9734 0.4751 
3175 .2290 0.5670 0.3847 
3225 .1560 0.4580 0.5177 1.0790 0.7525 
3275 .0678 0.2490 0.2472 1.0200 0.8725 
3325 .0271 0.1290 0.1212 0.9360 0.8797 
3275 .00966 0.0456 0.0446 0.7980 0.7904 
3425 .00337 0.6690 0.6637 
3475 .00168 0.5700 0.5683 
mas .000796 0.4880 0.4875 
3575 .000795 0.4560 0.4555 
3625 .000597 0.3560 0.3555 
3675 .000470 0.2100 0.3097 
2725 .000470 Q.460Q 0.2507 

Total.. 23.6850 8.4176 6.9420 6.3864 

%Transmitted = 35.9% % Transmitted = 92.0 

* 4,..vitonsicm2 x 10 



Fig. 17 Isobutyl para-aminobenzoate 



Table No. 51 

Preparation: Isobutyl /Para -aminobenzoate Non-irradiated 

Solvent: Methyl Alcohol, Spectro Grade 

Wave 
Length 

31/4"-  

Trans- 
mission, 

iir 

Optical 
Density, 

Log (Ng) 

Conc.. 
C 

Cm/1000 
ml 

Cell 
Thick- 
nese, 
cm 
t 

1  
t x c 

Absorption 
Coefficient. 

It Log 4% as 

2250 6.23 1.2055 1.0274 .998 0.9753 1.1757 0.07041 
2300 14.3 .845 1.0274 .998 0.9753 0.8241 -0.08402 
2350 39.2 .4067 1.0274 .998 0.9753 0.3967 -0.40154 
2400 60.6 .2175 1.0274 .998 0.9753 0.2121 -0.67346 
2450 55.5 .2557 1.0274 .998 0.9753 0.2494 -0.60310 
2500 42.8 .7686 1.0274 .998 0.9753 0.3595 -0.44430 
2550 26.4 .578 1.0274 .998 0.9753 0.5627 -0.24895 
2600 14.2 .840 1.0274 .998 0.9752 0.8271 -0.011244 
28:0 75.0 .1249 0.10274 .998 9.753 1.2181 0.08565 
2700 67.5 .1707 0.10274 .998 9.753 1.8648 0.22141 
2750 60.8 .2161 0.10214 .998 9.753 2.1076 0.32387 
2800 55.4 .2565 0.10274 .998 9.753 2.6016 0.39329 
2850 52.2 .2823 0.10274 .998 9.753 2.7533 0.47981 
2900 50.0 .1)10 0.10274 .997 9.753 2.9257 0.46776 
2925 49.1 .3028 0.10274 .996 9.753 2.9532 0.47026 
2975 50.8 .2942 0.10274 .998 9.753 2.8693 0.45773 
3025 55.3 .2873 0.10274 .998 9.753 2.5094 0.39950 
7078 64.1 .1931 0.10274 .998 9.753 1.8173 0.27850 
3125 76.8 .1146 0.10274 .998 9.753 1.1177 0.04844 
3175 27.5 .861 1.0274 .998 0.9757 0.5472 -0.26188 
3225 60.8 .2161 1.0274 .996 0.9787 0.2107 -0.67633 
3275 72.8 .4841 10.274 .997 0.0976 0.0473 -1.72514 
3325 74.9 .1285 10.274 .997 0.0976 0.0122 -1.91009 
3375 93.2 .0306 10.274 .997 0.0975: 0.00299 -2.52433 
3425 97.5 .0110 10.274 .997 0.0976 0.0010s -2.96658 
3475 98.1 .0087 10.274 .997 0.0976 0.000810 -1.09181 
3525 98.8 .0052 10.274 .997 0.0976 0.000508 -3.29414 
3575 98.8 .0052 10.274 .997 0.04/6 0.000508 -3.29414 
3625 98.8 .0052 10.274 .997 0.0976 0.000508 -3.29414 
3675 98.8 .0052 10.274 .997 0.0976 0.000508 -3.29414 
3725 91.8 .0052 10.274 .997 0.0976 0.000508 -3.29414 
3750 98.8 .0052 10.274 .997 0.0976 0.000508 -3.29414 
3800 98.8 .0052 10.274 .997 0.0976 0.000508 -7.29414 
3850 98.8 .0052 10.274 .997 0.0976 0.000508 -3.29414 
2900 99.00 .0044 3.0.274 .997 0.0976 0.000430 -3.36651 
3950 99.4 .0026 10.274 .997 0.0976 0.000254 -3.5953.7 
4000 98.8 .0052 10.274 .997 0.0976 0.000508 -3.29414 



Table No. 52 

Preparation: Isobutyl Para-aminobenzoate Non-irradiated 

Solvent: Methyl Alcohol, Spectro Grade 

Wave 
Length 

Ill/lx 

Extinction 
Coefficient 

X 

incident 
Etythemel 
Energy * 

Transmitted 
Erythema' 
Energy * 

incident 
Tanning 
Energy * 

Transmitted 
Penning 
Energy * 

2925 2.9532 1.1390 0.0013 
2975 2.8693 6.5100 0.0088 
3025 2.5094 29.0000' 0.0210 
3075 1.8833 3.577'a 0.0468 
3125 1.1177 0.9743 0.0743 
3175 0.5472 0.5670 0.1608 
3225 0.2/07 0.4550 0.2800 1.0790 0.6640 
3275 0.0473 0.2890 0.2592 1.0200 0.9143 
3325 0.0123 0.1290 0.1254 0.9360 0.9096 
3375 0.00299 0.0456 0.045? 0.7980 0.7925 
3425 0.00108 0.6690 0.6677 
3475 0.000810 0.5700 0.5689 
3525 0.000508 0.4880 0.4875 
3575 0.000508 0.4560 0.4555 
3625 0.000508 0.3560 0.3556 
3675 0.000508 0.3100 0.3097 
3725 0.000508 0.2600  0,2597  

Total.... 23.6850 1.0329 6.9420 6.3855 

% Transmitted = 4.4% % Transmitted = 92.0% 

* E-vitonedcm2x 10 



Table No. 53 

Preparation: Isobutyl Para-aminobenzoate irradiated 3 hrs. 

Solvent: Methyl Alcohol, Spectro Grad. 

Wave 
Length 

aft 

Trans- 
mission, 

IT 

Octieal 
Density, 

Log ap 

Cone., 
C 

0a/1000 
ml 

0011 
?hick- 
ness, 
ca 
t 

 1 
t x c 

Absorption 
Coefficient. 

E 1% 
Lag Ilea 

2250 7.00 1.1550 1.0582 .998 0.9469 1.0937 0.08883 
2300 16.3 .7880 1.0522 .998 0.9469 0.7462 -0.12714 
2350 45.0 .3468 1.0582 .998 0.9469 0.3284 -3.48360 
2400 69.7 .1568 1.0582 .998 0.9469 0.1485 -0.82827 
2450 63.8 .1952 1.0582 .998 0.9469 0.1848 -3.73330 
2500 47.1 .3270 1.0622 .998 0.9469 0.3096 -3.61919 
2550 28.4 .5467 1.0582 .998 0.9469 0.5177 -3.28592 
2600 14.9 .827 1.0582 .998 0.9469 0.7821 -0.10618 
2650 80.0 .0969 0.10582 .998 9.469 0.9175 -0.03739 
2700 70.9 .1494 0.10582 .998 9.469 1.4147 0.14188 
2750 63.8 .1952 0.10582 .998 9.469 1.8483 0.26670 
2800 57.9 .2372 0.10582 .998 9.469 2.2470 0.25160 
2850 54.1 .26E8 0.10592 .998 9.469 2.5263 0.40248 
2900 51.2 .2907 0.10562 .908 9.469 2.7526 0.43981 
2925 50.4 .2976 0.10582 .998 9.469 2.8180 0.44994 
2975 51.3 .2899 0.10582 .999 9.469 2.7451 0.42854 
2025 55.7 .2541 0.10582 .998 9.469 2.4060 0.30130 
3075 63.8 .1952 0.10582 .990 9.469 1.8483 0.26670 
2125 6.13 1.2125 1.0582 .998 0.9469 1.1481 0.06994 
3175 27.0 .5690 1.0582 .999 0.9469 0.5368 -0.26857 
3225 61.2 .2132 1.0582 .998 0.9469 0.2019 -0.694E4 
3275 30.2 .5200 10,5T2 .997 0.0948 0.0493 -1.30715 
3325 73.0 .1367 10.582 .997 0.0948 0.0130 -1.886tm 
3275 92.0 .0362 10.582 .997 0.0948 0.00343 -2.46471 
3425 97.1 .0127 10.582 .997 0.0948 0.00120 -2.92082 
3475 98.4 .0070 10.682 .997 0.0948 0.000664 -3.17783 
3825 99.2 .0025 10.582 .997 0.0948 0.000332 -3.47866 
3575 99.2 .0035 10.582 .997 0 0948 0.000332 -3.47808 
3625 99.7 .0013 10.582 .997 0.0948 0.000123 -3.91009 
7675 99.7 .0013 13.582 .997 0.0048 0.000123 -3.91009 
3725 99.7 .0013 10.582 .997 0.0948 0.000123 -3.91009 
3750 99.7 .0013 10.582 .997 0.0948 0.000123 -3.91009 
7800 100.0 .0000 13.582 .99? 0.0948 0 - 
3850 100.0 .0003 13.582 .997 0.0948 0 - 
7900 100.0 .0000 10.582 .997 0.0948 0 - 
7950 100.0 .0000 18.522 .907 0.0948 0 - 
4030 100.0 .0000 10.592 .997 0.0948 0 - 



Table No. 54 

Preparation: Isobutyl Para-aminobenzoate Irradiated 3 hrs. 

Solvent: Methyl Alcohol, Spectra Grad. 

Wave Extinction incident Transmitted Incident Transmitted 
Length 

"9' 

Coefficient, 
1 

Arrthemal 
ar17 * 

final 
Nnercr * 

Tanning 
liker17 * 

Tanning 
blextri * 

2925 2.6160 1.11904. 0.0011 
2975 2.7451 6.5100 0.0117 
3025 2.4060 10.00110 0.0393 
3075 1.4463 2.5/70 0.0507 
3125 1.1411 0.9743 0.0693 
3175 0.53e6 0.5670 0.1640 
3225 0.2019 0.4550 0.2158 1.0790 0.6779 
3275 0.0493 0.2890 0.2590 1.0200 0.9107 
3325 0.0130 0.1290 0.1252 0.9360 0.9087 
3375 0.00243 0.0456 0.0452 0.7980 0:7917 
2425 0.00120 0.6690 0.6677 
3475 0.000664 0.3700 0.5694 
3525 0.000232 0.4180 0.4$75 
3575 0.000332 0.4560 0.4555 
3625 0.000122 0.3560 0.3560 
3675 0.000123 0.8100 0.3100 
3725 0.000123 0.2600 0.2600  

Total.. 23.6850 1.0509 6.9420 6.3,50 

% Transmitted = 4.4% % Transnittod = 92.1% 

* 1-vitonsion2x 10 



BIBLIOGRAPHY  

(1) Mellon. M.G. et al, Analytical Absorption Spectroscopy. p. 94, 
John Wiley& Sons, Inc., New York 

(2) Luckiesh, M., Apvlicatione of Germiotaslt leYthemel and Infrared 
Knerax,  1946, Van Noetrand Co., Inc., New 'fork 

(3) DeNavarre, M., Ihkppasis_try NultituraPtlauKe _of coemetige,  1941 
Van Nostrand Co., Inc., New York, p. 590 

(4) Christensen, E. and Giese, A., PhotosensitivilY or Sunsoyeens. 
J. of American Pharmaceutical Association, 39, No. 4, 223 (1950) 

(5) Giese, A., Charistenson, E., and Jeppeon. J., 41?sorption Sueotrft 
of Some Suneprqsne,for ,§linkunt tr_mratio3144  ibid., 39, 
No. 1. n, (1950) 

1,6) Pernich, P. and Gallagher, M., ro.nemisston 4oectra of Aenreseatatire 

anweg, J. of the Society of Cosmetic Chemists. II, No. 2, 

(7) Kumler, W.D. and Daniels, T.C., Buscroeu Commds.  J. of 
American Pharmaceutical Association, 37, No. 11, 474 (194S) 

00 preps, S. T., Zpieqt.i.fic Propeea.ines of the Yoilet Sioods,kasoc.j.atioA, 
New 'fork; (1955) 


	Copyright Warning & Restrictions
	Personal Information Statement
	Title Page
	Approval of Thesis
	Abstract
	Acknowledgement
	Table of Contents
	Introduction
	Literature Review
	Experimental Data
	Summary of Results
	Discussion of Results
	Appendix
	Bibliography

	List of Figures
	List of Tables (1 of 3)
	List of Tables (2 of 3)
	List of Tables (3 of 3)




