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- Abstract

- The laser dye Kiton Red-S in ethanol was degraded using continuous

radiation and pulsed radiation from the flash lamp of a dye laser. Data

from infrared spectrograms was used to construct plots of the concentra-

tion of Kiton Red-S versus the time of exposure. From these plots the

- rate equation was determined. The effect on the rate of reaction of

different  oxygen concentrations was observed. Qualitative information

f rom the infrared spectra was used to identify photo products. The

— fluorescence and power were monitored during the pulsed laser experiment

to determine the primary effect of the photo products. The reaction was

found to be zeroth order in Kiton Red-S and the presence of oxygen

accelerates the reaction. The products were found to be esters and

carboxylic acids. The effect of the products on the laser was to absorb

the pump radiation.
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KINETI CS AND WAVE LENGTH DEPENDENCE

OF THE PROTOLYTIC DEGRADATION OF

KITON RED-S LASER DYE

I. Lntt~duction

Justification

Dyes are one of the latest materials that have exhibited lasing

ability. The property that makes dyes attractive is their easy wide-

range tunability. Dye lasers are also attractive because they span the

spectrum fro. the near infrared (1k) to the near ultraviolet (UV) and

exhibit medium energies and powers at excellent efficiencies. Anong the

problems that limit th. usefu lness of these lasers is that the power or

energy output decreases drastically with use due to photolytic degrada-

tian of the dyes.

Objectives

The primary objective of this investigation was to study the photo-

lytic degradation of Kiton Red—S (KRS) in ethanol , and to find ways of

slowing or eliminating the d.gradation primarily through filtering of the

laser pump radiation . This study was to be done in two ways, continuous

(cw) radiation from a 200 watt mercury point source and pulsed radiation

f rom a Xenon flash lamp in an actual dye laser .

Th. secondary objectives were to assemble and demonstrate a working

dye laser system , and to refine the method used to analyse the degr ada -

tin .

1
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Kiton Red-S was chosen as the dye solution because it represents a

fami ly of very co on laser dyes, the xanth.n.s. Other members of this

family include the Rh od ines. The solvent used was ethanol . A fairly

polar solvent like ethanol was needed because KRS is a polar molecule.

A more polar solvent than ethanol was not used to prevent aggregation of

the dy. molecules (Ref 5:158~l60).

Experimental Approach

There were two experiments rim , continuous radiation photo lysis and

flash photolysis. In the continuous radiation photolysis experiment the

dye solution was placed in a container whose botto. half was quarts. A

quantity of the dye solution was placed in the container and the pho-

tolysis system was assembled. The system and the solution were .quili.

brated with a chosen gas mixture by bubbl ing the desired gas mixture

through the dye solution. The dye was exposed to the radiation and

samples of the dye were taken during the run. These samples w•re analysed

by 1k spectroscopy.

In the flash photolysis experiment the dye solution was photolysed

in a triaxial dye laser system. The initial power and the fluorescence

spectrum were measured. After a certain number of pulses the power and

the fluorescence spect rum were measured aga in.

Infrared sp.ctroscopy was chosen as the prima ry method of analy sis

because it yields both qualitative and quantitative data. An 1k spectrum

of a compound serves as a “finger print ” of that compound (Ref 2:199) .

If the structure of the compound changes , the spec t rum chan ges. The

intensity of the spectrum gives the amount of the compound in the solu-

t ion.

2
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Assumot ions

The most critical assumptions made were that the output of the

- - mercury lamp and the output of the flash lamp were constant. The Beer

lambert law was assumed to hold at the concentrations used. Other

assumptions are mentioned in the text.

3
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II. Theory

Quantum Mechanics of Dvei

Kiton Red-S whose structure is shown in Fig. 1 is an eff icient  laser

dye from 589 rim to 642 nm (Ref 15:346). The dye has an electronic

energy level structure that is typical of conjugated organic molecules.

The most importan t levels for laser work are shown in Fig. 2. The

ground state is S0, S1 is the f i rst excited singlet state, T1 is the

f i rst excited triplet state, and T2 is the second excited triplet state.

Each of these levels is a quasi-continuum due to numerous close splitting

of the levels by vibrational and rotational states (Ref 13:650) .

The dye laser is a classical four level laser system. During

pumping, electrons are excited from S0 to one of the upper vibrational

levels of S1. The molecules relax nonradiatively to the lowest vibra.

t i onal level of S1. The laser transition is the radiative transition

from the lowest vibrational level of S1 to one of the upper vibrational

levels of S0. Finally the molecules relax to the lowest vibrational

level of S0 nonradiatively (Ref 13:650—653).

There are a number of co.p.ting pathways possible. First the tran-

sition from T1 to T2 lies in the same energy range as the transition

from S0 to S1. The T1 to T2 transition therefore competes for pump

radiation. A pathway that competes with the laser transition is the

nonradiative transition from S1 to T1. This is known as intersyst

crossing. Th. radiative transition from T1 to S0 is forbidden and has F

a large time constant. As a consequenc., dye solutions with a lar ge

4
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intersystess crossing rate tend to have their molecules pile up in the

state leaving few molecules available to las. (Ref 13:633).

Dye Solution D.gradatj~n

There have been many studies on degradation of various dye solutions.

The degradation has been found to be permanent and due primari ly to the

flash lamp radiation (Ref 19:723). For KRS in ethanol the portion of the

flash lamp radiation that causes the damage lies in the ISV (Ref 12:36).

The rate of degradation is strongly dependent on the wavelength of the

incident radiation (Re f 18:35). The rate of degradation also depends

linearly on the output power of the flash lamp, and the volume of the

solution (Ref 8:178 and 12:36).

It is fairly well agreed upon that the effect of the photochemical

products formed in the photolysis is either to compete for pump radia-

tion or to absorb the stimu lated radiation (Ref 11:1126). Th. photo.

chemical products may arise from three sources : th. solvent, the dye,

or a combination of the dye and the solvent (Ref 19:723 , 11:1126 , and

20:94).

Th. role of oxygen in the photolysis of dye solutions has been

ambiguous. In one paper on rhodamine 6G in methanol it was shown that

the presence of oxygen slows the degradation (Ref 9:329). On the other

hand an earlier paper on the same solution shows an increase in the rate

of degradation in th. presence of oxygen (Ref 3:308).

(~ ygin can act in two ways in a dy. solution. First it can act as

a triplet quencher, in which oxygen increases the rate of the Tl to S0

transition by collisions with the dye molecule. Since the triplet stat.

La an excited form of the molecule, oxygen might s.rve to stabilise the

6

.- -- - —~~-—‘~~.--— - -=-~~~~ -_ ~- 
- ~~

—. - ~~
-.--

~
-
~
-- - ~~~~~~~~~~~~~~ ~~~~~~~ -‘--- ~ -- -~- - —‘——~~~-. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~

.

~~~~

--— — --.

~~~~

-

~

- ---- - -- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

dye by reducing the number of molecules in the triplet state. On the

other hand oxygen may act as a reactant in a photochemical oxidation

reaction and hence will be a destabilising agent.

Infrared Soectroscopy

The portion of th. electromagnetic spectrum that corresponds to the

energies involved in bending and stretching a chemical bond lie in the

IR. Each type of chemical bond between various atoms has its own energy.

The resonant frequency of a particular normal mode of vibration for that

bond depends on the bond energy and the mass of the atoms attached . For

various types of bonds between various atoms each with their own mass

there is a unique resonant frequency for each normal mode of vibration.

The situation for a large molecule is complex due to the fac t that there

is coupling from all parts of the molecule (Ref 2:197—203) .

If 1k radiation were passed through some group of molecules , the

portions of the 1k spectrum that corresponded to a resonant mode would

be absorbed according to the laws of quantum mechanics. The amount of

radiation absorbed would depend on the quantum efficiency of the mode

excited and the number of molecules encountered . The strength of the

absorption is given by Beer ’s law

I — 1 5 ~~~Cl (1)

1o is the intensity of the incident radiation , I is the intensity after

passing through the med ium a distance of 1, ~ is some constant related

to the quantum efficiency of the absorption, and C is the concentration

of the solution (Ref 2 :799).

7 
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Reacti on Kinetics

For a simple decomposition reaction

I 9 Products (2)

the appropriate rate .quation would be

dJ X] 
— - K (3)

where the bracksts indicate concentrati on , and a is some constant known

as the order of the reaction. The most common valu.s for a are sero,

one, and two. If a equals two, Eq (3) is a second order rate equation.

If the equation is then integrated, the resulting .quaticm is

— —iCe * Con.t (4)
[x]

If versus t is plotted , the plot would be a straight line.

If a equals one, Eq (3) ii a first order rate equation. When inte-

grated the equation yields

in [x]  — —Kt I’ Const (5)

A plot of in [x] versus t would give a straigh t line.

If a equals sero , Eq (3) is a seroth order rate equation. When

integrated the equation would give

Cx] — .Kt • Const (6)

A plot of [x] versus t would yield a straight line (Ref 1:617.624).

The amount of any particular gas dissolved in a liquid under the

gas is given by Henry’s law

-~~~~ 
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P _ K
u1 (7)

where P is the partial pressure of the gas, K~ is Henry’s law constant

andl is th. mole fraction of the gas dissolved in the solvent (Ref 1:

345).

Power Output of a Laser

The power of a laser is given by

1las.r — 
~f1uor ~ j~

._ - 1) (8)

where 1’fluor is the fluorescent power, R.,, is the pump rate, and

ii the threshold pumping rate.

is given by

1pth (laser l’~ T2

where Klaser is the laser rate constant, T~ is the photon cavity

lifet ime, and ‘r2 is the lifetime of the upper laser level (Ref 14:394).

T0 is given by

i. ~~ 1 (10)
r1r2

where r1 and r2 are the reflectivities of the mirrors (Ref 14:424. 428).

9
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III. Apparatus

The equipment used in this projec t is placed in three groups

depending on usage.

Continuous Radiation Photolysis System

The photolysis system shown in Fig. 3 consists of three basic parts:

a source of light , a container for the dye and a source of gas.

The ligh t source is a 200 watt Osram HBO 200 mercury point source

whose line spectra is shown in Fig. 4. The lamp is housed In a Bausch

and Lomb lamp hous ing and is powered by an Orial 8500 power supply. The

lamp housing contains a quarts condenser lens system. The light from

the lamp passes out of the lamp housing and into the dye container

housing through a quarts cell used to hold the fi l ter liquid. To keep

the filter from evaporating a small siphon from a flask is used to keep

the cell full.

The dye container, shown in Fig. 5 consists of 21.5 cm long by 2.5

cm In d iameter pyrex and quarts cylinder whose bottom 6 cm is quartz.

At the top of the cylinder is a gro~nd glass joint and near the top

extending out at an angle is a septum. The dye container housing is a

rectangular cube with a hole in the top through which the dye container

is inserted , and a hole in the bottom so that the bottom of the dye

container can mak. contact with the magnetic stirrer immediately below

the housing. A fan is attached to the back of the housing and holes are

drilled in the front of the housing so that a flow of air can cool the

dy. container. A hole on one side allows light to enter and strike the

lower portion of the dye container.

10
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A small ref lux condenser with a 900 adapter and side arm is fitted

to the top of the dye container to help control solvent evaporation

from the dye solution. The gas mixture, from a high pressure cylinder

is bubbled through ethanol in a side arm flask to help prevent evapora-

tion of the solvent from the dye solution by saturating the gas mixture

wi th ethanol. The saturated gas mixture enters the dye container

through the 900 adapter and is bubbled through the dye solution. The

gas mixture leaves the dye container through the side arm on the 900

adapter. A, flask fi l led with ethanol is used as a trap to prevent air

from entering the dye container through the side arm.

Dye Laser System

The dye laser system is a Phase-R DL-llOO flash lamp pumped dye

laser. The laser was converted from a biaxial to a triaxial dye laser

with a Phase-k modification ki t .  A biaxial dye laser consists of a

tube through which the dye solution flows, surrounded by a helical f lash

lamp. A triaxial dye laser has an extra cavity between the dye tube

and the flash lamp through which a coolant flows. The coolant can also

be used to f i l ter the radiation from the flash lamp. See Fig. 6.

There are six subsystems on the laser: the laser head , the power

supply and controls, the dye solution circuit, the coolant circuit, the

temperature regulator, and the diagnostic equipment. See Fig. 7. The

laser head is the DL 110 flash lamp with the triaxial adapter. The

mirrors are flat and have reflectivities of 27 percent and 99 percent.

The mirrors are mounted along with the flash lamp on top of the

capacitor housing. The power supply and controls are also standard

manufac ture DL 1100 equipment . The temperature regulator is a Korad

-- — - 
- 

13 

- __________ - - --



- ~~~~~~~~~~~~~~~~ ~~~~~~~~

--- --

~~~~

-

~~~

--

~~~ 

— —

~~~

—-- -- --- —

~~~~ 

—- -

~~~~

—-

~~

---—-- •—--- - -- ——-

~~~~~~

- - - --

?lash-tube~~~~
- - 

Coolant
Cavity

Dye -
Cavity

Biaxial -Triaxial
Dye Laser Dye Laser

Fig. 6. Types of lasers

:- ‘C-.5 laser cooi.-~r that ~M :n~):3 c - -~~:c~t t~~perz~tu re w.~to r to the cooltn~

The dye solution circuit is as follows: Coming out of the laser

head the solution flows Into the pu~ip. Frcrn the pump the solution is

pui~ped up through a one—foot cooling ccndenser, through a filter and

into the dye solution reservoir. The tcc~perature of the dye solution

is measured by a thermometer in the reservoir. From the reservoir

the dye solution flows down through the fluorescence measuring equip.

ment and into the laser head. The coolant circuit is as follows:

After leaving the laser head the coolant is pumped up through a 1.25 ft

cofldenser and into tha coolant rc~ervoir. The ~~ohm t flows ou~ of the

reservoir through a flow control valve and Into the laser head.

14
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The materials used to construct the dye circuit are glass and poly-

propylene tubing. The dye solution pump is a March ME~(-MT-3 high purity

pump. The materials used to construct the coolant circuit  are glass and

Teflon tubing.

The diagnostic equipment consisted of a Quantronix 504 power meter

and the fluorescence measuring equipment. See Fig. 8.

F~~~gsten 1~~no~~~1I Ligh t  chron~eter  —
— Dye Tu be

j ‘

Scannin g

~-ionochrorne~cr —

- 
- x-Y

‘~~ Rcc- ’r-
der

- . .  1 1  /Photornult ip l ier  —

— Tube

Low ~o 1 e  

U’~E1—~ 
__H :i

~
: -

_~~ ,g-.~~~~~t rfl ee Sfl aS t~SSrj~~~~~~ Ma W - ~ -< ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Fig. 8. Fluorescence Measuring ~quip*nent

The fluorescence measuring equipment consists of a Bausch and Lomb

tungsten ligh t source powered by a lambda LU-F8-OVM power supply, a

Bausch and Lomb mortochrometer, a I3ausch and Lomb scanning monochrometer,

an EMZ 6255B photomultiplier tube powered by a Kepco RB 2500 high voltage

power supply, a Keithley 414 micro—mlcroanneter, and a Hewlett Packard

16
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X-Y recorder. Monochromatic light at 500 na produced from tungsten

lamp by the .onochromet.r is passed through the dye solution f loving in

a glass tube. The fluorescence is *easured with the scanning mono.

chroseter and associatwd elect ronics at a right angle from the inciden t

light.

Analysis £quiD ent

Th. th ird group of equipment is that used to analyse the samp les.

This group Includes th. vacuum evaporation chamber , a Crescent Wiggle

Bug dental amalgam shaker, a Crescen t stainless steel amalgam capsule ,

a P.r ktn Elmer pellet dye , a Carver 20,000 lb laboratory press, a Fisher

vacuum pump, and a Perkin Elmer 137 sodium chloride IR spectrometer.

The vacuum evaporating chamber is a 500 ml side arm flask that was

i e rsed In a controlled t pera ture water bath . A rubber stopper fitt.d

with a stop cock Is used to control the air entering the flask. The

vacuum source is an aspirator vith a dry ice slurry water vapor trap.

A 10 ml beake r of dessicant is placed in the f lask to help hold down

the humidity .

I -~
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IV. ~cperi.ental Procedure

The general procedure vii i  be described f i rs t , then modifications

for each experiment viii be discussed .

continuous Radiation Photolysis

The genera l procedure for p.rforming the CW photolysis experiments

was as follows. Seventy-five ml of l0~~ M Kiton Red—S in ethanol was

placed into the dye container. The system was assembled and ethanol was

placed in the two f lasks. The system and the dye solution were equili-

brated with the gas mixture by rapidl y bubbling the gas through the

solution. After at least two hours of rapid bubbling the lamp was

turned on and the bubbling was reduced to a moderate rate. The lamp

power supply was adjusted to 34 amps of current. After the first 12

hours and after all subsequent 12-hou r periods, a 1 ml sample was with-

drawn with a gas t ight  syringe through the septum on the dye container.

These samples were processed using the solid KBr pellet IR analysis

discussed later. Occasionally a sample would be withdrawn for an U

analysis of the solution in a liquid cell with AgBr windows and a 0.05

path length.

Flash Photolvsls

The procedure for performing the laser experiment was as follows.

The laser was aligned according to the manufacturer’s instructions, and

a 5 micron .iilipore Teflon filter was installed in the filter holder.

The laser was f i l led vith 500 ml of 10~~ H KRS in ethanol , Five hundred

18
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ml deionized water was used as the coolant. The pumps and laser cooler

were turned on. The discharge water temperature of the cooler was ;et

at ÔO° F and the temperature of the coolant and the dye solution was

brought as close together as possible by adjusting the flow valve and

observing the thermometers. The capacitor voltage used to fire th. laser

was 18 Ky. On the initial firing the power and fluorescence spectrum

was taken and after each increment of 250 shots, the power of the laser

and the fluorescence spect rum was taken.

Sample Analysis

Fifteen hundredths ga of oven dried KBr was added to the stainless

steel capsule along with the I ml of dye solution taken from the continu-

ous radiation photolysis apparatus. The capsule was placed in a 5 ml

beaker for support , and the capsule and beaker were placed in the evapor-

ating chamber. The chamber was evacuated and the temperature of the

water bath was brought up to and maintained at 300 C. After the ethanol

had completely evaporated , ai r was reintroduced into the chamber and the

capsule was removed. A steel ball bearing was placed in the capsule and

the capsule was capped. The capsule was shaken for one minute on the

Wigg le Bug and a sample 0.10 ga of the resulting powder was weighed out

and placed in a dessicator to dry for at least eight hours . The powder

was then placed in the pellet die. The die was assembled and evacuated

with the vacuum pump. The pellet was pressed at 20,000 lb for one

minute , then the vacuum was released slowly, and the pressure was removed .

The pellet was removed from the die and placed In a holder. The holder

was attached to the lit spectrometer and the spectr um was made using a

19
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15-minute scan with the slits on N. The bas. line of the spectrum was

arranged so that it would fall at 95 perc ent tran smittance.

Exoer imental D.tai Is

A calibration curve of the lit absorption intensity versus dye

concentration was made us ing a series of solutions with concentrations

from 1 x l0 ’~ M to 10 x l0 ’~ M. These samples were analysed in the

sam• mann as the samples taken durlng. the~ LW -photoi-ys4-s --ex-p.riment. -

This curve was used to find the concentration of KitS remaining in a

sample after degradation.

Th. first trial of the CW photolysis experiment was designed to

establish a base line for th. kinetic analysis of the rest of the experi .

cent. In order to eliminate oxygen from the dye solution pure argon was

bubbled through the solution. The filter cell was empty. After the dye —

solution had been exposed a sufficient amount of time (144 hours) to

establish a base line, air was bubbled through the solution to establish

if ~xygen has an effect on the kinetics. The remaining two trials were

done to f ind the effect of different oxygen concentrations on the kinetics

of the reaction as well as to test the effect of a filter.

The second trial was done with 10.3 percent oxygen in arg on bubbled

through the solution , and the third trial was done with air (21 percent

oxygen) . After 156 hours exposure in the th ird trial the filter cell was

filled with ethanol to see if the kinetics would show if ethanol was the

primary ptiotoprocess by filtering out the wave lengths of light that

excite ethanol.

The laser experiment was dane exactly as described.

20 
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V. £~ ta Reduction

The raw data for each of the CW photolysis trials consisted of a set

of lit spectrograms. The data was reduced in five steps: the appropriate

peak was selected for measurement, the size of the peak was measured,

the concentration of KitS in solution was determined, the concentration

of KitS versus time of exposure was plotted, and th. appropriate param-

eters for the resultin g curves were calculated .

The peak that was chosen was a strong peak at 7.5 mIcrons. It was

observed that the disappearance of that peak Is representative of the

disappea rance of the entire lit spectrum of Kiton Red-S, and there was no

interference with this peak by the spectrum of reaction products. This

peak was also chosen because a stable tie line could be drawn for this

peak. See Fig. 10.

The size of the peak was calculated by measuring the absorbence A

at the botto. of the peak and subtract ing it fro. the absorbence A0 at

the tie line. Since cost of the spectra were made with the Y axis

measured in percent transmission, the percent transmission was converted

to absorbence by overlaying the two scales.

To determine the concentration of KitS in solution, the calibration

curve was used to read the concentration of KRS from the size of the

peak (Rsf 6:182.195). The Y intercept of each of the curves for the

experimental trials was not 10 x l0~~ H because a different batch of

dye solution was used for each trial. A correction factor was r.quir.d

to normalize each curve to 10 x l0~~ H initial concentration. A sample

is given in Appendix A.
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From the laser experiment the raw data was a set of fluorescence

spectra of KitS in ethanol. See Fig. 9. The height of the fluorescence

peak was measured in centimeters from the base line to the top of the

peak. This heigh t was proportional to fluorescence power.
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VI. Results

Qualitative Results

The lit spectrum of the unexposed KitS is given in Fig. 10, and the

lit spectrum of the KRS degraded in the CW photolysis experiment is given

in Fig. 11. A possible assignment of some of the bands of both spectra

is given in Table I. The most important points in comparing the two

spectra are as follows:

1. The growth of the bands at 3 microns , 5.75 microns, 6.00 mi-

crons, 7.25 microns, 8.25 microns, 9.00 microns and 9.75

microns.

2. The stability of the bands at 9.75 microns, 3.25 mIcrons , and

14.25 microns.

3. The disappearance of the bands at 3.50 microns, 6.25 microns,

6.75 microns, 7.25 microns, 7.50 microns, 7.75 microns, 8.75

microns, 9.25 microns, 10.25 microns, 10.75 microns, 12.25

microns , and 14.75 microns.

The lit spectrum of the degrad ed solution using the liquid sample cell

shows some of the degradation products that are present in the samples

processed using KBr pellet analysis. The spectrum of both the KitS and

the degradation products is so weak compared to the spectra of the

ethanol that the techniqu. was not used . There is a strong fruity smell

in the degraded samples.

Quantitative Results

Fig. 12 shows the calibration curve for ZR absorbence versus KitS

concentration in ethanol. A least squares analysis of the data produced

23
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  ~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~ —-- - ---- - - -

4000 3000 2000 1500 CM-i 1000 900 800 700
1CC~~~~~~~~~~~~~~~~

_ ___ ____ ____  
_

_ _  _ _  _ _  _ _  _ _

_ _  

~~~~~~~~ 

_ _

0L~~~
-
~~T-f ~~~~

-

5 : 

-

~~~~~ 

~~~~~~~~~~~~~~~~~~~~ 

• • . - . -

~~~~; 13~~~~~4~~~~~5WAVELENC-TI--I (MICRONS)

Fig. 10. lit Spectrum of Kiton Red.S

l.CO3 3000 2000 15CC) 
- 

CM-I 1000 900 800 700

;~~~~~4Ii~~~r ~~~~~~~~~~~~~~ 
- 

‘- ~~~~~

‘ ±
~~~~~

_ _ _  
- 

_ _ _  _ _ _  _ _ _

_ _ _  

-

_ 

6 

- 

L 9  ~~~~~~~~~~~~~~
WAVELENGTH (MICRONS)

Fig. 11. lit Spectrum of Degraded Kiton Red-S

24



- - -~
-

~ -—~ —-~ 
_ _

Table I
Infrared Assignments

Band
Spectrum (microns) Strength Functional Group

KitS 3.00 S —OH
3.25 W _

~O~3.50 
— C 2 H

5

6.00 H

6.25 S

6. 75 H — C 2H5
7 00 M — C2 H5
7:50 S

8.00 H -K~~?—NR2
8.2 5 M

8.50 s F~-SO3
8.75 H

925 H P 503
9:75 M ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

10.25 w

10.75 U

12.25 w

14.25 M 
- 

~~~~~
14.75 H R-S03

Degrad ed —OH
KitS 3.00 S

CO~
O-R
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- Table I (continued)
Infrared Assignments

Band 
-

~~~~~~~~~~

Spect rum (microns) Strength Functional Group

Degraded
KitS 6. 00 S —CO-O H

6. 75 U

7 25 M 
-CO-OH

8:25 S R C 0 0 R , -CO-OH,

8.75 H ( S04)
9. 75 S

14.25

(Ref 17:F.197—F-203 )
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the straigh t line which is shown. The standard deviation of the points

is 0,025. The linearity of the curve indicates that the Beer Lambart

law holds over the range of concentrations used.

The results of the first trial of the CU photolysis experiment are

shown in Fig. 13. A least squares analysis of the data produced the

straight line shown. No line is drawn through the data points after

air exposure since the experiment was not rigorous after that point.

The slope of the line is .0.0052 mole/liter hour with a standard devia-

tion of the points of 0.83. The correlation coefficient is a measure of

how well the independent variable of a plot depends on the dependent

variable. The coefficient ranges from 0 (no dependence) to one (perfect

dependence). The correlation coefficient for the f irs t  trial is 0.28.

The results of the second trial are shown in Fig. 14. A least

aquares analysis produced the straight line shown. The s1ope of the

line is —0.043 moles/liter hour with a standard deviation of the points

of 0.65. The correlation coefficient is 0.97.

The results for the third trial are shown in Fig. 15. A straight

line was also obtained from a least squares analysis. The slope of the

line is .0.054 mole/liter hour with a standard deviation of the points

of 0.45. The correlation coefficient is 0.98. To show the effect of

the ethanol filter the difference in the absorbence was plotted versus

tim. in Fig. 15. The difference was not converted to concentration

since the value of some of the points was beyond the range of the cali-

bration curve. All the raw data is given in tabular form in Appendix B.

There is a large increase observed in the amount of time it takes

to obtain visual bleaching of the dye solution when bubbling is taking

place. Previous experiments performed at the Air Force Avionics 
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Laboratory with the same CW photolysis equipment but without bubbling

-~ showed bleaching occurred in about 60 hours. Results from this experi-

ment with bubbling show that visual bleaching occurs in over 250 hours.

The results from the laser experiment show that for a 4 percent

decrease in fluorescence power, there is an 84 percent decrease in the

output power of the laser.
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VII. Discussion

Discussion of CU Photolysis Results

The disappearance of the 3.50 mIcron, 6.75 micron and the 7.00

micron bands tends to indicate a change in or loss of the ethyl groups

on the KRS molecule. The disappearance of the 7.50 micron band also

indicates attack on this site since the 7.50 micron band represents the

tertiary amine to which the ethyl groups are attached. The disappear-

ance of the 9.25 and the 14.75 micron bands indicates that the sulphate

groups are attacked. The sulphate groups migh t be breaking of f to form

an inorganic sulphate salt as there is an increase in water (3 micron

- band) in the sample and there is the growth of a band of 9 microns

which corresponds to inorganic sulphates. There Is the possibility of

the loss of an aromatic portion of the molecule since the aromatic band

at 6 .25 microns disappears but the aromatic bands at 3,25 microns arid

14.25 microns are stable. The portion that is lost is probably the

phenyl group to which the sulphates are attached. The stability of the

band at 9.75 microns indicates that the aromatic ether at the center of

the KRS molecule remains relatively Intact.

The growth of the bands at 6.00 microns, 7.25 microns and 8.25 mi-

crons Indicates the presence of a carboxylic acid as a degradation

product. The growth of the bands at 5.75 microns and 8.25 microns indi-

cates that another degradation product is an organic ester. This obser-

vation is strengthened by the pleasant fruity smell of the product

mixture. The pleasant smell is an almost universal characteristic of

organic esters.
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The reaction for the CW p hotolys ls of Kiton Red-S is zeroth order

since the plot of the concentration of KitS versus time of exposure Is

linear. This is typical of photochamical reactions in which all of the

radiation is absorbed by the reacting species (Ref 1:624). Th. kinetics

of the reaction d~acdepend on the concentration of oxygen. This oxygen

dependence is shown by the marked change in the curve made during the

first trial when air was introduced, and by the large increas, in the

correlation coefficient from 0.28 to about 0.98 when oxygen is present.

Oxygen accelerates the reaction. The experimentally determined rate

equatIon is

d [MRS] 
— —k [~~~~ ]O [02 

]a (11)

where k is the actual rate constant. k may contain dependencies on

other factors which are unknown. The apparent rate constant, k, which

is equal to the slopes measured in the three trials, includes the con-

centratlon of oxygen as shown.

d [K.Rs] 
— K [ ] O 

(12)

where

K — k[02]
5 (13)

The rate constan t , k , and a can be calculated from the data. Th. con-

centration of oxygen in solution is calculated using Henry’s law, with

Henry’s law constant, 
~‘d 

calculated from the International Critical

Tables (Ref 16:255-282) The values for K and [02] are known or calcu-

lated for two points and solving Eq (13) at the two points simultaneously
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yields k and a. The amount of oxygen dissolved In solution is assumed

to be constant over each trial. The values of the apparent rate

constant Ic, the percent oxygen In the gas mixture , the concentration of

oxygen In solution and the correlation coefficien t are given in Table II.

The calculated value for Ic is 1.0 x io”~ and the calculated value for a

is 0.31. The rate equation can now be wr itten as

d 
— 1.0 x l0’~ [Kits]° [o21

031 
(14)

The large increase in the amount of time it takes for visua !

bleaching to occur when gas is bubbling through the solution suggests

the possibility of some volatile intermediate which is necessary for the

continuation of the reaction. This intermediate is removed by the

bubbling. The lack of any significant change in slope in the third

trial upon insertion of ethanol into the filter cell tends to rule out

the direct excitation of ethanol by the light as a primary photoprocess.

This result may not be significant since the filter cell had a very

small path length (1 ian) and some of the lines that excite ethanol mighr

have been passed.

Bringing all this evidence together , a possible reaction mechanism

may be proposed. Since the reaction is seroth order in KitS, the dye Is

not a factor in its own degradation, except perhaps as a catalyst.

Since the concentration of oxygen does have a power dependence, oxygen

does have a part in the degradation as a reactant. Since the direct

excitation of ethanol by the light has been ru led out , the light must be
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exciting the dye. The dye then passes the energy to the ethanol solvent.

The solvent break s up to yield a volatile and highly reactive inter-

mediate which along with the oxygen attacks the dye molecules. This

causes destruction of the dye’s functional groups, and the creation of

oxidation products such as esters and carboxylic acids.

Table II
Numerical Results

Percent Concentration of Apparent
Oxygen in Oxygen in Solution Rate Constant Correlation

Trial Gas Mixture (Mole/liter) (Mole/liter 5cc) Coefficient

One 0 0 -1.4 x to.6 0,28

Two 10.3 9 9  x i0’~ -1.2 x l0~~ 0.97

Three 21 2.0 x l0~~ — 1.5 x 098

Discussion of Laser Rasults

As can be seen from Eq (8), a four percent decrease In fluorescent

power can not account for the 84 percent decrease in output power. This

large decrease can only be accounted for by a decrease in 4. It is

probable that the reaction products are absorbing th. pump radiation.
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VIII. Conclusions

1. The photolytic reaction in the continuous radiation experiment

is seroth order in Kiton Red-S.

2. Th. reaction rate in the continuous radiation experiment is

increased with increased oxygen concentration.

3. Among the products present in the bleached solution from the

continuous radiation experiment is a carboxylic acid and an organic

ester.

4. There may be a volatile necessary intermediate in the continu-

ous radiation photoproc.ss.

5. The primary effect of the photo products on the laser I s  to

absorb the pump radiation.
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IX. Recomeendat I ons

1. The KBr pellet method must be further refined.

2. Th. effect of oxygen on the degradation must be isolated.

3. The effect of the wavelength of the pump radiation on degrada-

tion must be isolated.

4. S ples from the laser must be analysed using the KBr pellet !

lit spectroscopy technique.

5. The results from the continuous radiation experiment must be

extended to th. laser.
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Appendix A

S ule Calculation
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Sample Calculation

As shown in Fig. 16 a tie line is drawn between the peak at 7.5

microns. The value of the transmittance at the bottom of the peak is

51 percent. This transmittance is converted into absorbence by using

the scale in Fig. 17. As can be seen, 51 percent is equivalent to 0.090

on the absorbence scale. The value of the transmittance at the tie line

over the bottom of the peak is 83 percent. The equivalent absorbence

is 0.290. Th. difference A A0 is 0.200. The concentration of KitS is

read off the calibration curve from A . A0, The concentration of KitS is

4.5 x 10~~ M. This concentration is multiplied by the normalization

factor to obtain the normalized concentration. The normalized concen-

tration is 8.2 x lO~~ M. This procedure is done for all the IR spectra

in the run. The normalized concentration is plotted against the time of

exposure. A straight line is fitted to the data using least squares and

the slope of the line is calculated. The coefficient of determination,

r2, is calculated (Ref 7*87—89). The coefficient of correlation, r, is

then calculated (Ref 10*82).
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Appendix B

H Tabular Deta
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Table III
Deta fro. the Calibration Curve

Concentration
(Xl(r4M) A

10 0.098 0.495 0.397

10 0.140 0.600 0.460

10 0.113 0.505 0 392

10 0.109 0.490 0.381

10 0.092 0,505 0.413

10 0.109 0.495 0,386

10 0.102 0.495 0.393
- 

1 0.042 0,092 0.050

2 0.061 0.169 0.108

4 0.070 0.243 0.173

6 0.092 0.365 0,273

8 0.113 0.455 0.342

1 0.037 0.113 0.076

2 0.060 0.161 0.101

4 0.051 0.167 0.116

6 0.076 0.276 0.200

8 0.092 0,419 0.327

4 0.070 0.252 0.182

6 0.081 0.335 0.247
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Table IV
Deta from First Trial

Normalized
t (hrs) A0 A A - A0 C(XlO’4 if) C(XlO”4 N)

12 0.114 0.440 0.326 7.7 10.0

24 0.091 0.400 0.309 7.4 9.6

36 0.098 0.410 0.312 7 , 5 9.7

48 0.098 0.360 0.262 6.1 7,9

60 0.091 0,345 0.245 5,7 7.4

72 0.102 0,400 0.298 7.1 9.2

84 0.091 0.345 0.254 6.0 7.8

96 0.102 0,400 0.298 7.1 7.2

120 0.077 0,325 0.248 5.8 7.5

132 0.109 0.385 0.276 6.5 8.4

144 0.098 0,400 0.302 7.1 9.2

156 0.125 0.420 0.2 95 7.0 9.1

180 0.112 0,280 0.168 3.7 4.8

192 0.096 0.250 0.154 3.4 44

204 0.125 0.290 0.135 3.6 4.7

216 0.125 0.243 0.118 2.4 3.1

228 0.125 0.230 0.105 2.1 2.7

240 0.091 0.180 0.089 1.6 2.1

252 0.129 0.213 0,084 1.5 1.9
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Table V
Deta from Tr ial Two

Normal ized
Concentration Concentration

tthrs) A0 A A - A~ (X10’4 N) (XlO”4 H)

0 0.076 0.315 0.239 5.5 10.0

12 0,080 0.300 0.220 5.0 9.1

24 0.096 0.360 0.266 6.2 11.3

36 0.087 0.315 0,225 5.2 9.5

48 0.090 0.290 0.200 4,5 8.2

60 0.096 0.290 0.164 3.6 6.6

84 0.087 0.237 0.150 3.2 5.8

96 0.120 0.292 0.172 3.8 6.9

108 0,102 0.237 0.135 2.8 5.1

120 0.092 0.228 0,136 2.8 5.1

132 0.108 0.237 0.129 2.6 4.7

144 0.096 0.150 0.078 1.3 1.4

156 0.070 0,142 0.072 1.2 2 .2

168 0.102 0.186 0.084 1.5 2.7

180 0.112 0.186 0.074 1.4 2 .5

196 0.090 0.160 0.070 1.1 2.0
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Tab le VI
Deta from Trial Three

- - Normalized
Concentration Concentration

t (hrs) A0 A A - A0 (X1O”4 N) C(XlO”4 N)

24 0.080 0.325 0.245 57  9.2

36 0.085 0.335 0.250 5.8 9,3

48 0.074 0.273 0,199 4.5 7.2

60 0,108 0.300 0.192 4.3 6.9

72 0.123 0.305 0.182 4.0 6.4

84 0.108 0.263 0,155 3.3 5.3

97 0.112 0.265 0.153 3.2 5.1

104 0,086 0.220 0.134 2.8 4.5

116 0.107 0.220 0.113 2.2 3.5

129 0.096 0.192 0.096 1.9 3.0

140 0.119 0.213 0.094 1.8 2.9

164 0.160 0.234 0,074 1.4 2.2

176 0.100 0.149 0.049

184 0.095 0.140 0.045

200 0.080 0.108 0.028

212 0.086 0.108 0.022
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