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FOREWORD

This report considers the problem of resolving two camouflage
requirements that appesr to be incompatible. When faced with situatiochs
of this type, decision-makers are tempted to make compromises that do
not entirely satisfy either requirement. The approach pursued in this
study is novel in that it attempts to avoid compromise by teking
advantage of unique colorant properties under different environmental
conditions. It is hoped thet the study will lead to a solution that
satisfies both requirements. o

The work reported is being continued in seversl parallel directions ’
including an extension of the survey of dyes, studies of chemical .factors
involved, and development of dye formulations for various fabrics. '
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ABSTRACT

Camoufisge against visusl obseryvetion or detection by infrared
image-converters requires that the reflectsmce of oblects be velatively
low. 0O the other nand, camcuflage egainet infrared-sencitive photo-
gravhy requires that reflecieace in the appropriste spectral regiou be
relatively nigh. Reasous Ior $hess resteictlicns mre disoussed.

0f possible approaches to attain desired reflectance character-
istlcs, that iovolvigg Tluciescence inm theé nesr infroresd i3 discussed.
& pethodelogy for searching for suitasbls dyes and the design of an
Jingtrument that can identify the invisible infrared fluorescence are
degtribed. “he infrared fluorescence charmcteristics of over 100 dyes
applied to varicus fsbrics is given.
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« FEASIBLILITY OF USING FLUOHESCENT COLORANIS TO AFFORD .
CAMOUFLAGE PROTECTION ACAISST PROTOCGRAPHIC DETECTION
° S

1. Istroductilcon

Modern technology can now provide e militery Observer wiih mecans to
detect objects O jnterest with a veriety of detection systems. Soume of
these systems have been designed for use under special conditicus, but
colisctively they are gensilive in mmris of & vwide region ol the elestro-
magnetic spectrum from the ultraviolet 4o the microvave. (1-3k :

f
%z
&

¥Wben designing cancufluage system:, 1t iz neceesary that sclutions oy
the various cpectral regions snd various detection systems be coupatible
¥lth eamch othier. A sipgle wmiforam should afford camcuflage iroiection
against all detection systeus that might reasdldbly be used sgainst indi- N
vidual troops. It should Be clear, For example, thet & uniform so desinssd { 4
that it significantly reduces the prohability of detection by infrared | :
devices is usgeless, if 1ts visual camouflage capabilities are thereby

EYPRMTIN T v

P,

I destroyed. ]
One vexing problem =f this type has been the reconciling into & single i
clothing system of 8ll the reguirements for camcuflage sgeinet viswal, !
infrared photographic, and infrared-sensitive in the rangs 850 to 1200
- napometers. Photographic emulsicns are avallable that are sensitive in
4 . the ultravioclet, visible and the near-infrared regions of the spectrum. :
: The region of interest in this paper is that betwveen sbout 750 and 900 . ,
. ranometers, in which neiiner suiperscops gystem nor the eye are sensitive, :
] but for which certain photographic emulsions have specifically Leen
g designed with enhanced sensitivity. Tsble I sunmarizes some of the more
important weys in which a photographic surveillance system differs froum
the sniperscope and visual methods. Photographic otservations are uswelly P
$ mede in daylight from the air. Hence, the direction of viewing is pre- .
§~ dominantly vertical as compered with the predominantly horizontal viewing L L
3 that is characteristic of the other two modes. Althougk visual observations ! o
£ are also made at night, most visual irformation is obtained in deylight. P
% “Reaction time" reflects the fact that a perisd of time is required to make O
2 an exposure, process a film, and examine a final print. During the time ! i
P required to react, some targets (e.g. troops} couid easily move. The back~ b
g ground ageinst which an object is viewed from the air is essentially the S
g solid ground. On the other hand, visusl and sniperscope obaervations of R
& an cbject are very often mmde against s background that is variabdble; some c e
& parts of the background may be near the object, some far behind it, snd ’
1 parts of the background way simply be void.
’2‘
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TARLY I Differences in Detectlon by Viswul, tographic .
! and Suipersecpe Systems as Usually Fmployed
visusl Phctographic Sniperscope .
| i
Wave length regiom 380 1o 750 750 to 900 850 to 1200 :
: {rapometers) ‘
; ;
Frinsry viewing narizoptal vertical horizontsal
i
: Primary use daytize daytine righttime
Regstion time fast slow fast

o E Tepth of becksround deeyp shxllow deap :
{ ;
| Type of target for which any staticnary any
: effective !
‘ deal reflectance (%) for 5 to 10 40 to 60 18 to 25

camouflage in wet climates

§ The differences aumerized im Table I lead to an idealized reflectance

curve for camouflsge through the spectrsl region from 400 to 1200 nznomweters. .
Figure 1 represents the spectrel reflectance that a uriform should have in

i order to provide minimum contrast with the background, when it is viewed

vith any of the systems shown in Table I. The solid curve is one that N
would satisfy requirements for all conditions of viewing. The dashed

curves that would afford adequate camouflage for day and for night.

This assumes that the sniperserope would not be used in daylight and that ,
photograrhic surveillance would be from the air in daylight, using infra- ?
red-sensitive £iim.

i Past efforts to develop a colorant formulution that would yield s

{ reflectance curve such as the solid curve of Figure 1 have been wmavailing.
i While it may be vossible for s compound <o absorb strongly at avout 1000
nanoweters and absort only weakly st 850 nanometers, such beohavior has
only rerely been observed.{l5) The few specific orgunic compounds that
have shown these characteristics have ren(‘e;,gea limited sttention due to i
their relatively poor fastness to light.(id

It is, of course, uurealistic to consider using separate uniforms for
day and nicht in crier to obtein correspondence with the dsshed curves of
Figure 1. It is conceiveble, however, that a fabric could bte produced that
would show different apparent reflectance charecteristics, depending on the .
type of illuminztion that is used. This weuld be possible, if the fabric
vere o exhidit fluorescence in & band cantering at about 850 nanometers,
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60 ,,-5‘; thereby increasing ihe apperent
” reflectance in this region. While
50 - wmaxy dves are known to fluoresce in
.. the wisible region of the spectrum,
S 40 4 rew vreferences were fGud in the
% ' literatue to dyes tun*l* rle:resca
S in the peer-infrered.
tn 30~
Pret 2. Plan of Study
i \, .
& 201 e In cxder £C test the o gi-; <H~
g NIGHT vag first necessary to find d.va
A0S / : do fluoresce i the nea.r-infra.md
"\’ About 100 dyes wers srplisd 0 various
. e fabrics and examined vith the _photometer

was not ragiocm
WAVELENGTH (Nanometers) ‘é?iéri‘,i’l‘i‘ﬁ&m principles, ot Based

Figure 1 icesilzed reviectance From Stokes' faw one mtg to
curve of a wiform fabric to find an sbeorption bend at wavelengths
afford camouflsge protection over somevrat shorter than those that
& spectral range from 400 tc 1200 charactarize the fluorescent emissicn.
nanvmeters. For example, rhodamine absorbs at about
550 nanometers snd fluoresces a% about
60C nanometers, Therefore, for this
survey green and blue dyes were selected becsuse they have absorption bands
in the red part of the spectrum, arxé ane would expect any fluorescencys to
appear in the near-infxared, the region of iaterest.

Secondly, the chemicai structures rave been reported(rn for many dyes
that are known to fluoresce in the visible spectrum. Green or blue dyes
vhose ctructures resemble rhodamine, fluorescein, etc., were therefore
rime candidates for study.

It was also known that fluorescence is & source of difficulty and
error in color measurement. When colorants are known to fluorescs,
appropriate care can be teken to assure accuracy of the data, I, however,
flucrescence appears in the infrared, beirg invisidle, it m io unoticed
or unsuspected untill serious delsys or errors have occurred( Oﬁ 3\ve
was suggested by a colorist on the basis of Just such an experience

As the preliminsry results became available, & few dyes were chaerved
to be fluorescent in the infrared. Green and blue dyes having related
chemical siructures were then included in the study. Reiating the chemical
structure and concentration of dyes and the influence of substrate to
flunrescence are subjects of a comtinulng study that will de reported in
a later paper.
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3. Propermiion erd Dyeipg of Pabric Sanples

The wlibtims”e objlective of this study ls a colorant system thai exhibits
inirered Tluwresoonss wheh avpiisd o fabiic swifaces. For this reasca,
d’afes were eveiuai ¥ after belrng zsppllied o fubric substretes rather than in

utics. Iedtisl errsis wes placed on cationic dyes, although many

. vs‘—-»#c Zver ysre. éui/‘z”'&s"{..," Shiddmd

r. Fabriocs Choser

1} Cloth, poiyeerylic, oxZord, €.k oz.
Clcth; cotton, lawn, 2.9 ox.

Cloth, polyamide, filament, twill, 1.6 oz.
Cloth, molyamide, filament, twill, 3 oz.
Clctk; polyamide, spun, 3 oz.

Cloth, viscose, banper, 5 62.

Cloth, viscose, taffeta, 3 oz.

Cloth, acetste, taffeta, 3 ¢z.

Cloth, polyester, oxford, 3 oz.

W Qoey Thidn £7%0 10
Nt Nl et S st i P

b. Depth of Dveings

Although the influence of concertration on degree of fluorescence
is not comsidered in this paper, dyeings vere made at three levels in
preparation for that phase. Dyeings were based con stock solutions
containing approximetely 1 millimole per liter. The following aliquots
were used for the three leveis.

10C wi
50 ml
25 wm

All of the dyeings were made using swatches, 10g + 0.5g, of the
varicus faprics chosen. The fabric samples were in ap already preparad
condition and needed anly to be wet cut at 110°F with a nom-ionic detergent.
A liquor retio of L0:1 was meintasined for all of the dyeings. At the end
of the dyeing cycle the samples were rinsed, dried and pressed. The dyed
sampler were then measured with a photometer for fluorescent emission.
Results are reported only for the most effective concentration.

¢. Dyeing Procedurss

The following are the dyeing procedures used for the fabrics
selected fn this study., Gtalnless steel heakers were used ln e constant
temperature bath.

1) Cationis dyes on polvserviiz and viscose fabrics

Tre material was ectered in a dyebath et 120°F made up with

=
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- the following components jo deminsraiized water:

14 Sodiwm mcetate
. 1% Acetic acid {56%) )
1F Boa~imrde surftactant {Caprsoyl Ieveline Selsd

1$ Organic catiopic vetarder {Retarder LAK}

The dycbath at pH of 5.0 was raised to the voll in 45 wimtess —
Boiling was continued for up to 2 hours or wtil the Soloy had been
remdved from the dyebath., The fehric was removed snd rinsed in de-
ninsralized water,

2} Direct dyes on cotton, polyemide snd viscose fabrics

The dyeing vas started at 110°F snd the temperature raised
to the boil in 30 minutes. fhe dye bath was bolled for 30 winutes
longey. Anhvdrous scdium sulfate was then added in portions to a total
of 30 percemt of the weight of fabric and beiling continued for 30
minutes. The dyeing was continued in a cooling bath for an additional
20 minutes, exd the fabric rinsed in cold demineralized vater for 5
winutes.

3) Acid dyes on polyswide fabrics
Acid dyec vere applied to polysmide fedrics in & hath

"

[P,
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containing:

G 28 R0D AT

. 10% Anhydrous sodium sulfste
5% Ammonium acetate
3% Acetic ecid 2561.), o exhaust
1% Formic acid (90%), to exhmust

5 A1 it S ey e P

The dye was started st 120°F and the bath temperature graduslly .
raised to and held at 160° + 2F for 30 minutes. Then the ' S|
temperature wus raised to the boil and dyeing continued at the boil -
for 1 hour vith subsequent additions of acid in portions tc promote
exhaustion. Boiling was continued for an additjonsal 15 minutes, after
which the teaperature wes lovered and the fabric rinsed.

At ey e

ety T A

4) Mordant acid dyes on polyamide fabrics i

LR AR

Mordsut dyes were applied to polyamide fabrics in a menner -
similar to acid dyes and after-chromed in & fresh bath with sodium L
dichromate and formic acid. -

s o The mmte~iel was entered at 85°F in a bath containing dissalved dye

SRR 3

and 3% acetic acid (55%). The bath was raised to the boil in 30 minutes

w
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' and bolling continued for ap additicmml 30 minutes. To exhsust the
Eo e s i bath 4% formic acid {90$) was added end boiling was continued for 30
T minutes longer.

G Chrome development was accompliished by after-treatment in a fresh
: ' hath with:

. »
0. ! R

‘ : /%, 1/2, 1% scdium dichromete {amounts egual to dye)
b2 Porwmic acdd {(904) . . I

The bath tempersture was raised to the boil and continued at the boil
! i for 1% hours. The fabric was first rinsed thoroughly in hot water to
: remove unused godium dichromate, then in warm and finally in cold
water.

5) BSpecial neutral dyeing colors on polyamide fabrics (super-
nylite and Nylenthrene dyes)

; 7 The material was entered at 100CF ip a dyebaih contalining:

L4 Aphydrous sodium sulfate
L9 Ammonium sulfete

The tempersature was raised to 160°F in 30 minutes. The required
saits were then added to tne bath and the temperature raised to 180°P
and the dyeing continued at 180° + 2°F for 1 hour. The materisl was
g rinsed in warm and then in cold water,

6) Disperse dyes on acetate, polyemide and polyester febrics

: : The dyestuffs vere pasted with 1% anionic dispersant

: , : {Igepon T) in warm water before adding to the dyebath which was uet
at 120°F. The temperature was ralsed gradually to 200°F in 20 minutes
: , and the dyeing contirued at 200°- 205°F for 1 hour. The fabric was

: ; then rinsed in warm and cold water. Disperse dyes were applied on

i poiyester fabric using a phenol derivative (Carolid) as a carrier.

; : This was first dissolved in water and added to the dyebath to a con-
centration of 5 g/l and the pH was adjusted to €.0. The bath vas
broyght to & boil in 15 minutes and the boiling continued for 2 hours.

7) Reactive dyes on polyamide fabrics

The prepgred waterial was entered in a dyebath at 100°F
with 4% formic scid (90%) and the previously dissolved dyestuff. The

rate of temperature rise of the dyebath was carefully controlled and
brought to 205°F in 45 minutes, at which temperature the bath was main-
tained for 1 hour. The fabric was then rinsed in cold water and scoured
for 10 minutes at 180° ¢ S5°F in 2 parts anifonic surfactant (Igepon T)

: and 2 parts sodium carbonate per 100C parts of water. The fabric was
finally rinsed in cold water.

»
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8) Solvent dyes or polyamide and polyscrylic fabrice

The solvent dve was first dissolved ix 250 ml of methanol -
axd then made into a 1-liter dispersion with water using 1.0 grem of
-anicnic dispersant {Igepon 7). A 10 grs.m sample of mterinl vas then
dyed im 400 ml OF The stock solution, The JQye was applizd in the same
marner as & digperse dye st & low temperature of 120°9-1L0CF for 1 hour.
The fabric was tharml;« rinsed in varm water and then fmis given

4 Uif vwmater i ~ - LS U

§) An adaiiional investigation was mede of dirvect dyes on
both cotion and polymmide in both neubral and acid baths.

a) XNeutrsl bath

The dyeing wes started at 110°F and raised tov the boil -
in 30 minutes. After contiruing at the boil for 30 minutes, 30%
aphydrous soldium sulfate was added and toiling continued for 30 n:inutes
longer, The febric then was finelly given a cold rinse.

b) Acid bath

The material was added tc the dyebath &t 120°F which
contaired 104 amhydrous sodium sulfate and 5% srmonim acetate, The
‘tempersture was held for 15 minutes at 1600-180°F and then raised to
the boil. Boiling was continued for 1 hour longer and the bath wvas
finally exhausted with 1% acetic acid (56%).

4. Design of Fluorophotometer

T™e basic design of the fluorophotometer is shown in Flgure 2. A
sample at SP is illumineted pormal to its surface by & collimated beam
from a 150-watt, 6-volt tungsten lamp. This beam pesses through a
filter, F-1, that absorbs light at wavelengths longer than 700 nanometers.
This filter is actuelly a combination of & heat absorbing fllter and an
interference filter in series.®*

The detector, RCA-917, is placed at 45° to the normal. Two
Corning 2600 filters are placed in front of the datector {(F-2). 'This
cembination sbsorbs radistion at wavelengths ghorter then 700 nanometers.

The transmittance of F-2, a nominal sensitivity of the detector, eand

their product are shown jn Figure 3., The transmittance of the two com-
ponents and their combinetion that were used for F-1 are shown in Figure k.

7

¥Heat absorbing filter - K63 (thin)
Interference filter - Ho. 648
Both ¢btained from Optics Technology, Ipc., Palo Alto, Califoraia.
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Figure 3. Transmittance of Figure 4. Transmittapce of conbined
F-2 {dashed lins), a nominal F-1 filter - 301id line; and componente,
sensitivity of the detector heat absorbing filter - Aotted Idne;
{dotted line), and their aad interfevence filter - dashed line.

product (solid line).

The instrument was balanced ¢o read zerc with the specimen holder.
alone in the sample port. The holder is blackened with a paint coutsining
carbor black and has & reflectance of less then % percant. When an undyed,
vhite fabric is placed in the sample position, a reading of about § micro-
amperes is obisined. This probably represents the degree of overlap fun
the transmittances of the filters F-l apd F-2. Readings less than 10
nicroamperes are coasidered to indicate the absence of fiuorescemce In R
the range of the spectrum defined Ly the instrument. o

R LINLEN AN R SIS T T R TR i)

3. Fluorophctometer Measurements

TG DRI Vs 3

Peb:le II lists those dyes, applied to the indicated substrates, for
which r&:dings of less than 10 microamperes were cbhssrved. These sxmples
are comsidered not to fluoresce in the infrarved,

Pevle ILI lists those samples far which readings of between 10 and 15
micromrgperes were obtained. Thege are regarded as weakly or doubtfully
fluorescent.

Samples listed in Table IV are those for which values vere cbzerved
between 15 and 30 micrcamperes. These are regayded as moderately
fluorescent.

Tables V and VI list those dyes that are regarded as stromzily
fluorescent in the infrured. Samples for which readings between 30 and
50 microamperes were cobtained are shovn in Table V; those fox which
readings of zhove 5C were cbtained mre given in Table VI. A few of these
dyes are listed in more than one table, when applied to more than ope
fiber with different results.
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TABLE II: Dyes that do not Tlucresce in the near infrared

Dye C.1. Number Chemical Type Substrete
esic Blus 3 S105 oxazine cobton
' ipsic Blue b4 51004 axazine cetton
L Baaje Bl § k21ho trigrylmeshene rayon
: Basie Blue 4G noze not known polyacryliic
, B Bagic Green & rone quinoline polyasrylic
Lo - Basic Viclet iB vone ULRAZO polyacrylic
T Aoid Blue kO £212% anthraguinone polysmide
H keid RBlue ‘85 rone phthalocyanine polyamide
o ——- =~ Acid Gresm i 30020 SEBAHEORLBY zolyamide
i acid Black b 26370 trisazo polysmide
: Mordant Biue 1 43830 triaryloethape polyamide
Mordent Bius 3 43820 trierylmethape  polyamide
! Mordant Blus 10 51030 oxbzire polyamide
; Mordant Blue 19 nune BWOROAIC polyamlde
Mordant Blue LS 51045 oxszine polyemide
: Mordant Blue 56 51120 cxazine polyamide
i Mordant Green 4 10005 quinoneoxime rolyamide
L Mordant Green 22 5510 phthalein polyamide
: Mordent Rlack 3 14650 MORDAZO - phlyamide
i Mordant Bleck 11 14645 TONCELO polyamide
% Direct Blue 24 none trisazo cotton
! Direct Blue 40 none disazo cotion
: Direct Blue O7 27925 disazo cotton
Direct Biue T1. 341%0 trisazo cotion
! direct Blue 75 3h220 trisazo cotton
i Direct Blue 75 2bk10 disazo (metsl) cotton
S Direct Blue 78 34200 trisazo cotton
1 ' : Direct Blwe 80 noue disazo (metal) cotton
; o Direct Blue 81 34215 trisazo cotton
§ _ Direct Blue 86 74180 phthalocyanine  polyamide
SR
Direct Blue 87 Th200 pkthalocyanine cotton
Direct Blue 98 23155 disazo (metal) cotton
Direct Blue 207 none disazo cotton
Direct Green 1 30280 trisazo cotton
; e Direct Green 6 30295 trisazo polysmide
: Direct Green 8 30315 trisazo cotton
: Direct Green 12 30290 trisazo cotton
; Direct Green 15 none trisazo polyamide
: : Direct Green 26 34C4S trisezo cotton
; Direct Green 27 none polyaze polyamide
‘ #prdanted with tannin
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; TABLE IT (Cont™d) o

!

Lo

i Bys C.¥. Nombar Chemioal Tyoe  Substesds

Direct Qreen 28 18155 "OBAZo oiyamide

H Direct Green 35 none trigazo L ootbon

: Direct Grean 37 nonE L4 cobtan .

8 Direct Green &5 none WORORLS cotton .

é Direct Green 66 none “risazo eokton 7

Reactive Blue 3 ' pome  phthalocyanine polysmide

; Reactive Blue 25 ncne not known polyeaide-

i Disperse Blue T2 none enthragquinone . polycster

Solvent Blue 25 74350 phthelocyanine polryseryldc

f Ingrain Blue 1 ‘Pi2ho phthalocyanine  polyamide -

4 Brilliant Cresyl Blue 51010 oxazine polyserylic

3 Plgment Green 8 10006 quinonecxime colttan

Basacryl Blue 214 nope not kneown polyacrylis

5 Basecryl Blue Violet 507 aope not known polyacrylic

e Amichrome Light Navy RBLL none - oot Koown polyruide. -

. Amichrome Brdiliisnt Green 2J3%L none not lmown pelym&.e

Amichrome Light Deep Green JLL none not known polyemide

5 Astrazon Clive Green BL nope not known polyacrylic

s . levuiasn Havy Blus IRL none not known polyanide

¢ Chromindigen Bluve BRA none not known polyamide'_

é Rylanthrene Green oGFL none not imown pnlyamidz' .

Yerofix Brillisnt Blue 3GL noge not kopown polyamlde

& Acid Brillisat Blue DHN none not Kncws polyamids

g Wool Green 24h2 none oot known polysuide

F Wool Fast Turquoise Blue SW none not known polyamide

2 Resoline Blue RRL none ot knovn polyester

% Chiorantine Fast Biue 3FLL none not knowm cotton

s Chlorantine Fast Blue 4GLD none not lmown . cotton

= Chlorantine Fagt Blue SGLL naae not known cotton
Chlorautine Fast Blue SGLL none ot known cotton

Direct Fast Green 2GL none not knovm cotten
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' TABLE IV: Dyez that flucresce moderately in the 1nfrared_r .
! Instrument
Dve C.X. No. Chemical Type Fabrie Resding
: Besic Blue 1 L2oes triarylmethane polyacrylic 28
' & Basic Blue 3 kaiko trisrylmethans polyacrylic 30
haslic Blge & LTS wxkazine polyaserylis &2
, & Bagie Blue 1 4a0hs trisryimethane poivecrylic 30
: & Basic Qreen X L2000 triarylmethane polyseryile 28
£ Tisperse Blue 71 none anchracuinone polyanide e
i Acridine Res Lsoon xagthene polyacryile 23
: Azid Blwe 93 bztéo trizrylnethane polyaside 20
3 % Direat Blue & 22610 disazo setton 3¢
. i} Direct Blus 21 23710 disazo cotton 26
g & Direct Biue 1C6 1300 axazine cotton 25
: g Direct Biue 107 51315 oxazing cotton 20
: 2 Direct Blue 108 51320 oxazine cotton 30
i ‘; Genseyl Blue 5G none act known polyacrylic o6
& TABLE V: Dyes that fiuoresce strongly in the infrared
; 3 nstrument
4 & & o"o 2" 2 i Y i Fy
; § oy C.lo %O Chemical Tyne Fabric Reading
N g
£ Basic Blue 7 L2ggs triaryluethane polyacrylic 32
: 5 Bacic Blue 9 52015 thiazize rayon 32
: g Basic Blue 26 LLohs triarylnethane polyacrylic s
‘ Basic Blus 26 none triarylmethune polyacrylic 42
% Basic Greer 1 L2040 triarylasthere polyacrylic 37
& Basic Giwmea 2 none triaryimethane polyacrylic ks
= Basic Visiet 3 L2555 4riarylmethane polyacrylic 37
pes Basic Viclet & L2600 triarylmethane  polyacrylic %8
& Basic Viclet 5 50205 azine polyac-ylie 33
Acid Grees 3 42085 triarylmethane polyamide ko
Acid Greep 16 Lhozs triaryimethane polyvamide k3
Direct Biue 1 2uk10 disazc cotton k2
Direct Blue i4 23850 disszo cotton 36
Direct Blue 22 2k280 disazo cotton 32
Direct Blue 25 23790 disaro - cotion 37
Direct Blue 109 51310 oxazine cotton 35
£ i3
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TASIE VI: Dye: that fiuoresce very abioagly in tie infrered
Instrument '
m C.I. Ro. Chemical TTE_@ gseaag&
Basic Blue 3 51005 oxazine pelyacrylic 155 ")
Basic Blue & 100k s ine polymerylic 160
Basic Biue 9 52015 thiszine polyncrylic &z :
1 Tixect Riue 106 51300 oxazine volysmide a2 g
1 Direct Biue 107 51335 oxazins polyamide &8 :
Direct Blue 108 51320 cxazine polyanide % ¢
; Direct Blue 100 5130 oxazine T polymxide = - o
Direct Violet 5% 51325 oxazine polyamide &3
, 6. Spectrophotometric Measurements
: Measurements of spectral radiance relstive to that of magnesiux car- L
- bonate were made Tor several samples of inmbereet, using 8 "reverse optica™ A
an-angemnt(ec « Fabric ramples were first illuminated with the full .

spectral emission of a 150-watt xencn high-pressure arc lamp. The reflected
and fluoresced rsdiatisn was then spnalyzed by the monochromator of & Beclomn !
DU spectrophotoneter. This iz shown

instrument resding. A1l four dyes
are oxazines.

Figure 5. Reverse optics sarrangexent

of Beckmen DU spectrophotometer for

measurement of fluorescent fabrics.

a ¢al . 2
s STA schemtically in Figure S a
HO.DER Four dyes were chosen for this .
N more detailed spectyophotometric ¢
N _ analysis as shovn in Table VII. Oue |

4 ) xﬂ*&"”&*ﬂ of the samvies (Brilliant Cresyl . i

it Blue) vas found with the fluoro- A

A thotometer to be not fluores.ent; B

BECKMAN DU QUART the other three were flucrescent B o
SPECTROPHOTOMETER in verying degrees as shown by dhe §

3z
TABLE VII: Description of samples cn which .
apectrophotometric measurements were mede .
Dye ¢.X. Ko. Fabric Reading ¢
Brilliant Cresyl Blue 51010 polyscrylic 1 5
Direct Blue 106 51300 plyamide a2 ¥
Direct Blue 108 51320 polyamide 9%
Besic Blue 4 51004 polyacrylic 160
-4
1k e
|
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The results of the spectrophotomstyic weasurements are shovn in

-z

Figures © spd T» Tue cuive (68 Beild

lasi Cresyl Blius {nu..."'-"ui’..ua..’“ "‘aac:at}

aprears, for comparison, in both figurez., T¢ is apparent from these
figures that the greater the instrument reading {i.e., infrared fiuores-
cence) the grester is the difference in curves with respect to that for
Briliiant Cresyl Blue in the region beyord TOO nanpmeters.

SPECTRIL. RADANCE

-

1020

WAVELENGTH - NANOMETERS

Figuwre 6. Spectral radiapce of
Brilliant Cresyl RBlue (non~fluores-
cent} - cn polyserylic fabric-
dotted line; and Direct Blue 106
{flusrescent on polyanmide fabric) -

(0t
354
g ae} B o ey
g oy AN
~
§ g
= 364
g 2
i0

Figure 7. Spectral radisnce of
Brilliant Cresyl Blue {non-flucres-
cent) - dobted line; and Basic Blue
b {fluorescent) - solid 1ime; both
on polyacrylic fabric; and Direct
Blue 108 (fluorescent) on polymmide

¥ sclid iine.

i fabric - dashed line.
£

P 7. Comclusions

Over 125 dyes were examined for flucrescence in the infrared with a
fluorophotometer designed for this purpose. Of these, asbout half showed
no evidence of flwmrescence veymnd 700 nanometers, and about cne quarter
produced only a8 feeble response. However, 36 of the dves examined vere
fluorescent 1n the infrared to & degree aufficient ¢o wareant further
study.

(3t

Oxazines were the mest flucrescent of the types studied. Other
similar structures, however, such &s thiazines, xanthepes, azines, and
triarylmethanes were only somewhat less effective. On the other hand,
hyiroxy-cxazines and the relsted oxszones were found to be not fluorescent.

These studies are continulng with emphasis on three factors that
appear to influence flucorescence.

. a. Tt is clear that substituent groups influence the wavelength
and intensity of absorption bands. It 1is reasonable to suppose that
flucrescence will also be influenced by chemical structure.
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™e fluorescence sppears 1o be Influenced markedly by the type

of fiber to which the dye is applied. For example, when Basic Blue & was

mordented with tansia 40 cotton, no fluorescence %was chsarved. When ’
appliad t0 & polyacrylic fabric, the same dye produced a very strong
T luorescence.
-
¢, It 18 well mnown that tbhe degree of Tlucrescence often increases

with concentration until o maxinmum is reached. Inoressiig the consentration
above that point resulis in o decressad [lusrescencs; 8 phenomsnon referred
10 a5 self~guenchning.

These are the principel sress of furthsr etudy for whish oniy

quali

tive evidence iz now availatle.
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