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Chapter 20

Chemical Analysis of Luminescence

# 107, EXCITATION AND RECORDING OF RADIANCE DURING THE

TATIVE CHEMICAL ANALYSIS OF

EXCITATION OF LUMINESCENCE, The photo-excitation can

be effected by any of the three methods indicated in Fig 202,
From the emission spectrum of the source (1), through a fil-
ter (2), a narrow spectrum band has been serrated which then,
by means of a condenser (3), will be focused on the investi-
gated object (5). The recording part plus setup can be per-

Bt

Pig., 202, Three posaible
ways of exciting the lumi-

formed in many different ways,
For a qualitative analysis, quite
often a visual observation of the
radiance is all that 1s required.
To meter the integral intensity
of the radiance, rhotometers are
being used into whose opening the
luminescence will be focused by
a condenser (4). In those cases
when it is necessary to determine
the energy distrtbution in the spec-
trum of luminescence, a spectro-
photometric devise (6) is used
instead of a photometer, Here,
either the watcher's eye (a visual
method) or a photo-film, photo-
element, photo-amplifier, etc.
(an objective method) can serve
as the receiver of emissions (7).
Regardless of the method of
the experiment applied rays of the
exciting light can en¢er the recei.-
er together with the luminescence,
The moatdrastic errors may occur

nescence: a- front excitta- when the radiance to be metered

tion; b- side excitation;
¢c- through excitation; 1-
lighting source; 2,2'- cr-
ossed light-filters; 3,4-
condensers; 5- object to
be investigated; 6- mono-
chromator; 7- receiver of
emhasdon,

has a low intensity, and the re--
elver 1s very sensitive in the
frequency range of the excitir,
lizht,

T prevent the above, a8 methoa
of crossed filters 18 being appl!: .
Immedlately after the source (.),
a filter (2) 1s mounted which w'i’
absoro the visible part of the
spectrum, and will let through th+

ultra violet emission, A second fillter,(2') mounted after =e




aralyzed obfect (5), will let vhroruwen the luminescence lipn!
Yut willl completely absordb the exciiling rays,

In those cases when it 1is necessary to determine the
chape of the luminescence spectrum, the method of crossed r!l-
ters can be used only with a certain reservation., It 1s hard
to select such a light-filter (2') which would fully absorb
the light of luminescence, In practice, this filter will al-
ways, to a certain degree absorb the emitted radiance (and
not evenly as per its spectrum) this distorting the shape of
the luminescence spectrum 1itself,

The most often used method of excitation i3 shown in Fig,
202,A, Here, the rays of the exciting light are directed at
an angle of goo - 459 to the specimen surface, The watching
is done at 90Y to its surface, With such arrangement of apps-
ratus, only a negligible part of the exciting light rays dis-
sipated by the vessel walls and the surface of the object
itself, will enter the receiver, The above setup has no par-
ticular advantage in those cases when the investigated object
is avidly absorbing the rays of the exciting light, They are
only slightly penetrating the object mass, and the receiver
will record the actual radiance emitted by the specimen surface,
At the same time, the influence of the luminescence secondary
absorption (see below) 1is reduced to a minimum,

Sometimes, it 1s convenient to use the method shown in
Fig, 202,B, where the rays of the exciting light are at 900
to the direction of observation, The above method 18 being
applied when working with solutions which only to a very small
degree are absobing the rays of the excliting light, It 1s
there assumed that over their entire trave. through the solu-
tion, the exciting rays have a constant intensity of radience,
With such a setup, the influence of the dissipated light can
te reduced to a minimum to lower the secondary absorption, the
the light source should be positlioned in such a way that the
radiance was excited along the front wall of. the vessel, at 90
to the direction of watching. The above method 1s used when
it is necessary to take into consideration the percentage of
the exciting light which was absorbed by the emanating subst-
ance; likewise, the above method 1s suitable for metering the
degree of the radiance polarization,

When metering the polarization, elther a polarized or
natural light 18 used as a source of excitation, With the
former, the degree of the radiance polarization 1s much hiysner
than wish she X~tter, Formula (1A,3) ~an be used for conver-
sion, With the polarized 1liyh. sed as a source of excitat.cu
a polarization prism will be mcunted after the source (1): Huw-
ever, the prism will reduce the lntensity of the exciting 1'ch*
to less tnan one-half of the orig!nal, <JConsequently, the atuve
method might be used wher. inves*i,;-ating the objects with ar
intensive radiance, Natural 1!-n- ls pe!inz used when work.r;
on weekly luminescence obJjects whouse radiance has a consiie:=bl-




eocree ,f polarizatlion, 7.0 deternirn tle degree ol polarizi-
71, %he spectrum apparatis (t) &rn :ld ve replaced by t.e

+e metering the pclarizet'H»n, . recelve the spectrum of
volarization, a Quartz monochromator snall be mounted after

~ne sour:e (1), and the raulance excited by different wave-
lengths,

The method shcwn in Fig, ¢..’,2, where the source (1) of
excitation, the object to be inves-igated (5) and the receiv-
er (7) are all mounted on the same optical axis, 1s the least
suitable for investigation of the iuminescence, and therefcre
seldom used, lere, with a "thruurh'" excitation, there is a
biggest chance that the exciting llght will enter the receiver,
and very crossed filters will be required to stop 1it,
Morecver, in such a case the influence of the secondary absorp-
tion (see below) can be particularly high, Tis method is
used when investigating a iengthy radiance (phosphorence).
After the excitation has beern aslready stopped, and no exciting
light can enter the receiver,

For other types of excitation (the cathode X-ray, radio -
active, etc, emissions), different other sources of excitation
are being used, but the recording part of the installation re-
mains the same,

In the luminescence analysis, quite often one has to deal
with small amounts of substances, many of them with s weak
radlance, In result, the luminescence intensity of the spec-
cimen under investigation can turn out to be very smsll,
indeed, and its measuring - very difficult, Thus, 1t is very
important to select the most favorable conditions for the
experiment, '

Beside being characteristic to the substance itself, the
intensity of the radiance depends primarily on the intensity
of the exciting light; ususlly, this intensity is belng deter-
mined by the amount of absorbed energy of the exciting source
radiance, Therefore, for excitling an intensive radiance, cri-
tical is not the magnitude of the source integral brightness,
but its brightness in the absorbed spectral zone, Considering
that different sources have a8 different distribution of energ;
along their respective spectrum, Wwhen selecting a source one
should establish how high is its radiasnce in the spectrum irnter-
val to be used, Usually, the most advantageous 18 the spectral
sector close to the maximum of the substance absorption spectrum;
vnen, in the scheme shown in Fig, 202, A, the dlstortion of the
luminescence spectrum due to ‘ts secondary asbsorption (see be-
low) will be at its minimum, snd the s~nemes, 202, B and C, -
the radiance intensity at it=s max‘mum,

To find dthe most absorbatle sector of the spectrum, it ¢
sometimes enough to use a qualitative estimate by watching how
deep the exciting rays of the various wave-lengths are penelra-
ting s vessel filled with the solution, Such an estimate car
be performed easily as, on its path of distribution, the excitilny
1ight eaves 8 distinct, rasdiant track; The stronger the
absorption, the shorter will he the treck,

.,0)




When selecting the wave-length of the.exciting light, one
should keep in mind that, according to Vavilov's Law, the
quantum output of the luminescence 18 sufficliently high only
in the stokes' part of the spectrum, and in the anti-stokes'
part it drops sharply. Thus, to obtain an intensive radiance,
it is vital that wave-length of the exciting light was shorter
than that of the luminescence spectrum maximum, According to
the stokes-Lommelle Iaw, the above condition is automatically
satisfied if the wave-.:ngths used for the excitation are with-
in the maximum zone of the absorption spectrum,

THE SECONDARY ABSORPTION, When,carrying out the analysis,
one should take Into account that the shape of the specimen
luminescence spectrum can be highly distorted bty the secondary
absorption of the luminescence light, Due to the fact that
the spectra of absorption snd luminescence superimpose each
other (PFig, 187), coming out of the solution depth the lumine-
scence light will be partly absorbed by the molecules of the
radisting substance themselves, This secondary absorption( the
"re-absorption”) 1s the more intensive the more accurate 1is
the superimposition of the spectra, the longer the path of the
luminescence light in the substance, and the higher the latter's
concentration, The secondary absorption takes place only 1in
the zone whore the spectra are superimposing each other; thus,
the short-wi.ve part of the spectrum will be weakened by the
secondary absorption whereas the long-wave gone will remain
unchanged. .

Thin layers of diluted solution are used in order to re-
duce the secondary absorption as much as possible, However,
due to a weak ra:disnce, such conditions are often hard to
create, and one has to deal with heavy layers of the lumines-
sence spectra should be corrected to include the secondary
atsorption, and thus wil. require time-consuming calculations,
the ‘information on the absorption spectrum of the investigated
substance, &8s w@ll as on the dis:ir!bution of the energy in the
spectrum of the source of excitation, To simplify the calcu-
lations, it 1is disireable to carry out the experiment in such
a way that the rays of the exciting light ere fully sbsorbed
the investigated specimen,

When the excitat‘on is performed with a continuqus
spectrum, the actual 1iiiensity of the lumineacence "lact" irn
the frequency , can be estimated in approximation from
the following fOrmula, when the ctserved intensity "] " or
luminescence is known: o
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where: d ad d - coefficients of absorption of the
N n luminescence and the exciting light
rays, respectively;
Ie

- function of the energy distribution
in the spectrum of the exciting source;

Y

The cslculatédn will dbe considerably simplified if a mono-
chromstic emission is used for the excitation (only a ecingle
line 1s separated from the exciting spectrum),
will look as follows:

- the refrection angle of the exciting
light in the investigsted specimen,

S B ST T T X
a - -2

{20,2)

The formuls (201)

However, neither of the (20.1) and (20,2) formilas provides

for repeated precess of sbsorption and the resultant excitation
of molecules of the luminescing substsnce. At the same time,
during the sxperiment, the luminescence spectrum is a2 tossl of
all radiances formed in the solution, Consequently, the vslues
for "[act” calculated from formulas (20.1) and (20,2) turn cut
to be not very accurmate,
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#¥le, 203, Curves showing how L .2 de-mAary abvsorpllorn and
e seczondary luminescence affe:' v shape of luminescence
gapeztrum ~f the fluorescelir sci%'on: 8 - a 0,1 2m, thick
layer: b = a2 lecm, thick larer; 1 - speccr:m measured as 1is;
? - spectrum with corrections {.r the secondary absorption;
7 - gpectrum with correctione for the secondary luminscence,

The calculation made on the above secondary phenomena
reveals that the luminescenze speztrum corrected for the
secondsry absorption only, '!s somewhat shifting towards the
long -waves as against the actusl spectrum which includes both
the secondary and the subsequen! radlances, Plg, 203 shows
- the results of calculations fur the fluorescein pigment, One
can see that with a thin fluorescing layer, there, is no influ-
ence of the secondary radiance (Flg, 203,2), In a heavy layer,
this influence becomes more distinct (Fig. 203,b). Therefore,
when working with thin layers of the luminescing diluted solu.
tions, corrections for the secondary radiance can be ignored,

Of s great importance is also the correct selection of
the solution concentlion and of the lumescent layer thickness,
If a specimen contains only but little of the subatance, the
intenaity of the luminescence goes up with the concentration.
However, later, a concentration - generated damping action
takes place and as a result, the radiance intensity of the
specimen drops drastically, At the same time, with a higher
concentration, the weakening of the exciting light highly
effects the depth of its penetration into the substance, and
also the influence of the secondary absorption will go up
sharply, The most intensive radiance 1is observed usuglly in
dilgted solutions whose concentration equals from 1072 up to
10-% moles/liter,

Provided the secondary absourption 1is either small oe does
not exist, and the solution concentration is low, it is advi-
sable to work with heavy layers (up to 1 cm,) of the substance,
as within certain limits, the intensity of radiance goes up
with the layer thicikness, However, it seems practically impos-
sible to fully utilize the light zoming from so wide 1light
fluxes; therefore, when the resd!ngs are expected to bte accu-
rate, the rsdiating layer shculd not be heavier than 1 mm,

When the concentratior 1is intensive, the exciting light doer
not penetrate the solutlion at all, but is fully absorbed :!.t
at its very surface, In such a :ase, one can work with tun!:
layers, using Just & small amount of the substance to be !... 28~
tigated,

Recording the Luminescence,. Radilance of the investigated
specimen 18 evenly radlating in all directions (Lommelle's ‘aw).
To utilize the emanating light-flux &8s nuch as possible, i
t> direct 1t into the receiver, condenser lens (4) (see ¥:{-. 2.0)
are being applied, If a spectral devise (C) has been mour  d in




:t of *he receiver, the lumines: rng “lux Wwill be utlilice.
-5t with 1ts collimator completely [1llled with 1light; the
atove condi*ion can be attained aisc by means of speclal L1l
m'rating cirzuits (sce chapter 12, »u5§.

Serious attention should be paid to the selection of
recelvers which are mostly not the same extent sensitive in
~arious parts of the spectrum. Depending on the spe-tral com-
position o the emission, one shouid select a recelver whose
Feak sensitivity wauld be close to the maximum of the lumine-
scence spectrum, For example, receivers with antimony-cesium
photo-cathodes should be used for recording a green, blue-violet
or ultra-violet luminescence, Recelvers with either multi-alk-
aline or oxygen-cesium photo-cathodes are being used for meter-
ing the yellow and red luminescence, Non-selective receivers
the thermo-elements and bolometers are applied for recording
a8 long-wave red and infra-red luminescence (for more detaila
on the 1ight receivers see chapter 11, # 45).

# Qualitative Analysis of Luminescence
The problems %o which the lumlinescence analysis is being
applied are extremely varied; even more varied are the sudbs-

tances subjected to the investigation; consequently, depending
on specific properties of the object to be analized, different
meLhods of analysis are being applied, However, all the variety
of individus] techniques can be grouped in 8 comparatively small
number of methods of a more general msture, which sre being used
in a chemical analysis of luminescence concerning a widest

range of substances,

Specisl Features of a Qualitative Analysis of Luminescence,

y carrylng out & qualltative, chemical analysis of
luminescence, wé can by the radlance spectrum detect the pre-
sence of a certain substance, or a group of substances in the
specimen under investigation, and also we can control the
process of a chemical reaction, More often than other, the
lum.nescence analysis is being used for research on the natural
radiance of the substance, However, the problem is not so
simple as only few compounds have a distinct, easily regognized
spectrum of luminesoence by which one can unmistakenly eatab-
1ish the presence of 8 certain sutstance (these include: the
rare-earths and the uranium compounds, porphyrines, chloro-
phyll and few others); However, in majority og cases, the
luminescence spectrs apr ar as wide, washed-out bands withouat
sny oscilliating structure, In mlxtures of two Or more l:umine-
scent subdbatances, the ¢mission dands of individual components
often superimpose on: snother, Thus, the lumines:ence ansl:/-
sle ie easy only when either the mixture contsins !:st a
single luminscent substance or wner the componer..s have the.ir
respective rediance in different ,parts of the spectrum (for
instance, the red and the blus rsalsnce, However, such csses

4G
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ur hut rarely,
Usually, prior to performing .he analysis, t:.e mixt.re
.. belng sulected to 8 prelimlirary processing wnicn consis? -z
‘n elimiration of all hampering I(rzrediants and sepsrating
~he compunent of a epecial !nterest %o us, There are many 8n'
varled m¢thods leading to such 2 separat on; various chemicel
reactiong are here applied, heat 'racti:nation, anc also the
vechniquee of an ordinary ard tne inmiriescent chromatograph:,
he latter is more and more use:l,
"he luminescent Chromatographv represents a variat’'sn to an
ordInary chromac.ographlic method of separating the mixture into
‘ndividual components; here, the !ndividial zores are being
dectected by watching the luminescence !n the separating them
wolumn, In chose cases when non-luminescent substances are
being chromatographed, luminescing adsorbernts are used, Then,
on the background of a lvmineecing column, dark strips will
zlearly eppear over the zones containing the noin-luminescirng
comporients of the mixture,
Egually important_is the Methcd of Chromatographing on Peper,
A drop of the solution to be investigated shal!l be deposited
on 8 paper atrip, close to its bottom; after it has been dried,
the atrip bottom end shall be immersed into a solvent for s
period of 6-12 hours. The liquid will start rising up the
papsr strip; components contained in the drop will follow the
sclvent, The proceed on the paper at a different speed which,
however, is al.:ays lower than that of the pure solvent,
Quantitatively, the above process is usually character-
1zed by the following formula:

-8
- e, T

Where: "A" ani "A; - distances from the place where the drop
’ has dbeen deposited up to the head of the
travel made by the dissolves subdbstence
and the solvent itself, respectively,

The value of R <: ; 83suming the uniform conditions o!
the experiment (linfllr kind of paper, same solvent, same
temperature, etc.), the above value remains constant for eacz!
oomponent, The chromatogran wi!ll show spots each tiled tu an
individual component of the mixture, All of them J!stributeo
sccording to their recpective value for "R,", Position of
these spots will de eatablished by their characteriatic
{luorescence, In thies way, one can detect in s specimen the
existence of as little as one-hundreth of a micro-gram of trne

investigated sudstance, Sometimes, the same goal can be sttained

€3




coiting *he phosphorence of the sutstance, “or thie pu:r-
t>, the chromatogram should be : : few seconds coo.ed .n
tc:'d nitrnocen, and then subjectei to a8 shurt exclitgtlion;
! Tormed rzdilance allows establ'shing the zones of the sub-
c*zrnce distribution, When the !n.estigatec subatances show
r. radisnce a. all, the chromatograms can te sometim=s success-
7 ly proressed in special soluticis which make the spots
L .minescent,

Specis. Technigues of the Qualitative Anslysis of Luminer.ence,
~tnough a mIxture has been prelim'narilly separated, qulte
wItern speclal procedures are teinyg applied which tske into
¢ rount the special properties of tl.e investigated class of
e:"s%gnces, FOr example, often the luminescence snalysis is
te'ng carrfed out at a8 low temperature when an oscillating
str.cture appears in the spectrum >f many a compound, a fest-
ure which makes the spectrum more characteristic, The analysis
of ~ancerogen.us hydrocarbons of a high moleculsr weight, is
being carried out in 8 viscous medium (in oil) where the struc-
ture of their spectra comes out more clearly, and some other
hampering factors are eliminated (# 112),

E.V. Shpolskii and his associates, and later slso some
other scientists hsve proved that many organic substances
(milti-nuclear condensed hydrocarbons, sromatic aldehydes and
Ketones, anthraquinones, phthalocyanin and its derivatives,
as well os some pigments) when frozen in the neutral, standard
paraffins (pentene, heptsne, hexane, etc.) will have their
luminescence spectra split in groups of narrow lines, vwhose
width will vary from 2 up %o 10 cm=l, The appearance of these
characteristic lines, permits a fast and reliable detection of
extremely saall amounts cf the above listed subatances in the
apecimen,

When snalyzing & multi-component mixture, one should keep
in mind that each of the components has its own spectrum of
absorption, Therefore, it 1s advisable to use the exzitation
pui yuse, monochromatic reys of a different wave-length so that
ea:h of them s exciting Just one o the comporents; this pro-
cedure will make the anslysis considersbly easier,

At low temperatures, besides a short-time radiance-fluoar-
escence, the solution of manry 8 cH mpound has als> a protracz.d
alter-redience- phosphorence, 8 circumstance whi-h is snr imp r-
tart snalytical feature of the investigated substance, in
case of a B-process, the radisnce spectrs sre clearly ehifte.
towvards the long weves 1in relaticn to the spectra of fluore-
scence, 8 feature that often helps in snalysis of sudatances
“ith either an ultrs-violet or dlue lualnescence,

During 8 qualitative snalys!s of luminescence, 8 grest
heip 18 detired slso from the poisrization spectrs which are
strongly linked t5 the chenical structure of the investigste!
substances, and in soms cases, can be even wore indicative

P pe Ty
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*:av. the upectra of both absorptd - u-.. lumlnuescernce .0 tne

ca'd compouris (Flg., 204),

Wher. arrying out a quall- - A%
rutive anai sis of minersls,
timestones, clays, ceramics, 30
17288, optical crystels, and |
~+.her substances, quite often f’
rt.ey meter the curves of the 0
tnermic fading-out whose magni-
vude, position ard number of 0
naximuma turn out to be suffi- 10 .
clently characteristic, M W s 00 ROAw

Despite all the above pro- .
cedures, quite often the accuracy Fig., 204, polarization
of’ obtained resuits remain boubt- spectrs of the glycerine
f41, Consequently, after the solutions of pigments:
analysis has bteen finished, the l- Fluorescein;
investigated object 1s sometimes 2~ Rhodamine S;
subjected to additional experi- 3- Acrine orange pigment;
ments using, for example, the Long waves of the exciting
characteristic interdependence light are plotted on the
vl many substances between the abscissas axis,

color of their rsdiance and the

value of the solution "pH (Fig.

186): also, other procedures are being used, Here, when work-
ing out & technique for & luminescence analysis of a given
type of compounds, one should be sure that the additional
experiments and procedures are featuring a considerable sensi-
tivity bdbut do not consume much time,

Luminescent Reactions, Analysis reactions are widely used
in the practlice ol chemlical analysis; they allow detecting
certain substances by a changed color of their solution, by
the sediment formed, or by other characteristic symptoms. The
luminescent reactions are one of the types of analytical reac-
tions, They are characteriged by a change in the luminescence
properties of the substance; during the reaction, the lumines-
cence spectrum of the investigated object becomes deformed,
the raddance either fades away, or becomes brighter,

Luminescent reactions can be performed also on sutstar.ces
which have no luminescent capability., In such cases, th: re-
action i8 being conducted in such a way that, &fter it ha. le-1
terminated, should be thoroughly studled, and the -ond!t:ion.
in which the analysis will bde carried out, should be rig!dly
standarized,

# 109, The Quantitative Analysis of Luminescence.

A quantitative analysls of luminescence allows establishing
the concentration of the investigated substance in the sample,
by metering the brightness of its radiance; it also revesls
the termination of the reaction bty the luminescence having




. appearec, It snould be nHirced .3t that the main dif.c:eynss
cre'ween a guelitative and a gquantitative analysis of lumines-
(r:nce conslets in the fact that the features just detected b
i1 guallitative analysie, in a cuant.tetive snalysia are measured
2nd preocessed with all necessnny correctlions considered,

Quentitative Analysis of Lumlrescence Based on the Radiance
wrlzhtness, ALl methods concern'liy, this type of analysis arc
Yased on a :ertain definite interdependence between the brip.t-
ess of the radisnce and the substance concentration in the
sample, One should try to carry out the analysis in condlitions
prroviding a stralight proportion between these two factors, !2re,
the concentration of the investigated substance can be deter-
nined by directly comparing the radiance intensity of the 5.3~
lyzed specimen with that of a atandard gne, When the concen-
*ration 1s considerable, over 107 10°2 moles/liter, the
ctraight proportion is usually upset in result of the extinguish-
ing action created, By the excessive concentration,

In general, the quantitative analysis of luminescence
consists of preparation of a set of standard specimen contain-
ing 8 known concentration of the substance inveatigated, and
of measuring the intensity of thelir respective radiance, The
obtained data will be used for plotting an analytical curve
enowing the luminescence intensity as function of the concen-
tration, Having measured the radiasnce intensity of the anslyzed
sanmple, From the analytical curve we cen establizi the
concentration of a substance in the sample,

In the quantitative analysis of luminescence, usually the
natural radiance of the investigated substance is being utilized,
When working with non-=luminescing objects, luminescent reactions
are being applied and by the radiance intensity of the regul-
tant product, its concentration can be determined, Next, by
using the conversion methods well known in the analytical
~hemistry, one can determine the concentration of the init:nl
product of the sald reaction,

For example, to determine the amount of oxygen in ine:r.
vases, the latter should be passes through a solution of
colorless Leuco Base ® of the fluoresceinr pigment; the solu.ion
will nxidize, change into flucrescein which, in solution, i3
an intenecive green luminescence, lHeving compared the intrr ity
of the formed radiance with that of the solutlon luminescer =,
we can determine the concentration of fluorescein which V) »a
in the process of the reaction, Simple calculations ajlcw
establishing the amount of oxygen passed through the solu.!.n,
and that had oxidized the necessary amount of the Leuco Eas:,

¥ Mhe leuco Bases are products ol regeneratlion ol some plgmen%s
which, as 8 rule, are colorless,

53




Quite often, an analitia cannot be lucceasfully carried
out due to the fact that the radiance intensity of the inves-

tigatel substance can be deterained not Jjust from its concen-
tration but also from a number of other factors, FRor example,
the radiance intensity of a solution is being affected by:
verious processes of fading-out; abdbsorption of a certain part
nf the exciting l1ight by foreign admixtures; the secondary
absorption of luminescence; etc, Therefore, when working out
the technique for analysis of different groups of compounds,
one should thoroughly investigate the nature of processess
which mignt take place in solutions of these substances,

When carrying out an analysis, one should, first of all,
follow all the rules concerning the excitation and the recor-
ding of radiance, as it has been described in #107. To receive
reliable results, it 1s of great importance that both the
standard and the investigated specimens were during the anaiysis
subJjected to rigidly similsr conditions (excitation from the
same source; an exactly the came position in the apparatus; both
solutions in vessels of the same wall thickness, with a partly
absdrbed light of excitation; etc,), Moreover, it 1is vital
that the spectral composition of radiance of either specimen
was the same, For this purpose, the standard solutions of the
very substance whose concentration we are about to investigate,
serve asg the standard, In those cases when 1t is impossible
tc prepar this kind of solution (instadbility of solutions, etc,)
one can use standards of other substances instead, whose radiance
by its spectral composition is similar to that of the investi-
gated sample, Preliminarily, these standards should be gradu-
ated by the investigated substance solution whose concentration
i1s known, Occasionally, the standards are consist of some typzs
of luminescent glase %uranyl, and others) which are not subject
to photo~-chemical transformations, and emit a radiance constant
in time,

The analysis results can be considerably distorted by
existence of extinquishing ingredients in the sample, go
eliminate their interference, diluted solutions (C~10-> moles/
iiter) chould be prepeared so that the concentration of thoae
ingredirnts becomes negligible, and they will stop affecting
the »arllance itself, If the sbove method 1s pot effective

¢ci ough, e can compose standard samples using the same rulti-com-

pooent scolvents which are contained in the specimen about to

Le anaiyzed, In case neither the composition of analyzed solu-
tion nor the concentration of the foreign sdmixtures are known,
a certain amount of the investigated substance should be auded
tc the investigated solution, By comparing the radianc: i.ten-
sity of the ébtained mixture with that of the originel svluiion,
one can eveluate the extinquishing capabllity of the foreign

ingredients,
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In the analysis of substances with either basic or acid
charscteristics, the magnitude of "pH" greatly affects both
the spectrsal congosition and the radiance intensity., The
magnitude of "pH" determines the condition of molecules in a
solution; they can appear there either in a non-ionized state
'f or as ions with opposite electric charges, Here, the radiance
intensity of each of the molecule type can be extremely varied,
. For example, molecules of a weak base of acridine in an
{ 2licsline medium (gH'VIO) remain in & non-ionized condition (Y).
¥hen the value of "pH" goes down, the will grasdually change
intc an ionized state, forming molecules of acridine (2l), 1In
the fifth normal HCL, the process will be completely terminated:

oY

As a result, the apectral composition of the radiance
will change; for an alialine solution in the acid medsum, from
a,violet-blue (sb..x:- 425 m ) it will turn into green
(A& = 475 m V), At the same time, the radiance intensity
wi !.lrop to less than one-half, Therefore, it often dezomes
necessary to deal with the so called, "Buffer Solutions"®; 1s
an alternative, one can utilize the circumstance that starting
with a certain valve of "pH" of the solution, molecules of such
couwpositions stop reacting to any change in the concentration
of hydrogen ions, So, for example, the luminescence spectra
of alcoholic aolution of the 2 - aminoacridine will stop changing
noticeably when the value of "pH" goes up to more than pH~11,
This kind of subatances are being analyzed in solutions whose
"pH" 1s beyond the adove limit,

Above, we have indicated only the main factors which affect
the sccuracy of the quantitative analysis of luminescence., On
the other hand, eash of the investigated substances has its own
specific properties which should be taken into sccount when
working out the technique for ites analysis,

® A buffer solution is 8 solution of salt, the salt and acid,
or salt and alkali, in which the "pH" does not change its
magnitude when oitﬂnr the concentration has deen changed or

acid or alkalis added in an amount dbelow a certain limit,
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A ?uantitative Luminescence A:.alysis of the Termination
of chemics eactions, is type of sna.ysis concerns 8iso
method of Tuminescent titration, This method consists of
zraduslly adding small amounts of the substance-reagent from
a buret into the investigated luminescent solution, The .
reagent is selected in such a way that after it had enter the ';
reaction with the substance, it w’'11 form a compound which no
luminescent properties,The reagent is being adaed for so long
until the solution radiance will stop completely. Knowing the
amount of reagent necessary for turning the investigated sub-
stance into 8 non-luminescent composition, by conversion we
can determine its contents in the resultant solution, The
above method presents a modificetion to the usual ones of
chemicel titration, The difference consists only in the follow-
ing: 1in the luminescent titration, the process termination is
being noted by the disappearance of its radiance, and not by
a change in the solution color or by its having become cloudy,
The wain advantage of the luminescent method consists 1in 1its
high sensitivity, a feature which makes it suitable for carry
ing out an analysis on highly diluted solutions,

In those cases when the process of radiance extinquishing
by foreign mixtures has been thoroughly studied, this method
can be also applied for a qualitative analysis, Here, the so-
lution concentration can be evaluated by the degree of the
radiance fading-out which will take place after a certain
amount of a specially adapted extinquisher- will be added to
the analyzed solution,

The special features characteristic to the lumineacence
of a8 number of organic substances with their either acid or
basic properties, allow a widespread use »f luminescent indi-
catore into the practice of chemical procedures, Their pur-
pose similar to that of the ordinary indicabors, is either
indicating the end point of a chemical reaction or determining
the concentration of hydrogen ione (the value of "pH") in the
solution (table 38). The luminescent indicators differ from
the ordinary ones in that at the end of a certain process,not
their color will change but either their spectral composition
or the intensity of their luminescence (Fig, 186),
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Thanks to the luminescent indicators we obtain a clear
effect even if their concentration in a solution is very smell,
They ere irreplaceable for the analysis of dark colored or
turbid mediums (wine, oils, solutions of salts of some non-fer-
rous metals, etc,) where the ordinary indicators are hardly
useful as their chanse of color cannot be noticed, At present,
about 200 acid-basic luminescent indicators are known which
cover the entire possible range within which the solution "pH"
can vary. They are the derivatives of Benzene, naphthalene,
coumarin, fluorescein, acridine, and other compounds, Most
of the indicetors display & blue-greasn radiance, Table 38 11ists
some Oof the more widely used acid-basic indicators,

Considerabdble less is known about indicators with a yellow-
red luminescence, We could name here: the dimethylnaphthorhodine
(pH = 3-3.6&; the neutral red (pH = 5-7.“2; 3.6 - dioxyphthsla-
mide (pH = 6-8); and the acridine orange (pH = 8,4-9,2).

Working with luminesoent indicators can become quite complex
when the absorption spectrum of the anslyzed specimen will super-
impose itself on the lumlnescence spectrum of the indicator; then,
the indicator radiance will become partly or fully absorbed. To
prevent this, for each interval of the "pH" values, two indica-
tors are being selected with luminescence of different colors,
By using them one after another, we will obtain a correct re-
sult of the analysis, . @

In sOome rare cases, chemi-luminescent indicators sre being
used (Luminol, lucigenine, liphine, siloxen) whose performance
is based on formation of a chemi-luminescent radiance when the
"pH" value of a solrtion will change, and also when any kind of
en oxidizer will appear in it. Their main superiority over the
luminescent indicetors consis®s in the fact that when working
with them there is no need to subject the investigated solution
to ultra-violet rays, To obtalr reliable results, the analysis
should be carried out at a certain constant temperature which
highly affects the process of the chemi-luminescent reaction,

‘110 Polarization Methods of the Luminescence Analysis.

Bealdes a qualitative and quantitstlve analysis o e
tubstance composition, the luminescen{ methods aid in solving
many other important problems associated with the structure
analysis of complex molecules and crystals, Particularly
promising in this respect are the polarization methods. 3By
applying them, one casn: determine a mutual disposition of tie
absorbing and emitting oscillators in molecules as well as the
orientation of emitting osclllatirs in relation to the mclezu-
lar axes; estadblish the relation detween the symmetry of mole-.
cules and the polarization; determine the multi-polarity of
elementary emitters of the molecules; and also measure the
volume of investigated molecules and the duration of their
rediance,
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Deteruin the NMutual Disposition of Absord and
EaittIng Uic!i%ﬁfors. The Siﬁivgour ot real molecules can
approx y analyaing the performance of various types
of elemsntary emitters, Moatly, the molecules can be 1linked
to linear oscillators ldipolel{. V. L. Levsnin and F, Perren
have established that the degree of luminescence polarization
is & function of angle " " between the oscillator of emission

and that of absorption, and can be presented in the following

formula: el dedesg
N

- 'Y -

It turned out that the degree of polarization depends on
the wave-length of the exciting light. This interdependence
was thoroughly studied by Vavilov who gelled it g rpetamigadion
spectrum, He demonetrated that, when goes down, The
degree of polarigation will drop dralticETiy, frequently even
changing its sign; later, it will go:up again and somstimes
reaches a second maximm, P, P, Feofilov has established that
that is a certain relation between the polarization spectra snd

those of absorption (Pig. 205).
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Pig. 205. Polariszation mpectra (top curves) and spectras
of absorption (bottom curves) of pigment solutions: a-fluores-
cein; b- Rhodamine B extra; c- acridine orange.

¥ithin & single dand of absorption the degree of poisrizs-
tion does not change much, This meéans that each electronic
transition is matched by its own adsorption oscillator, Cosic-
ering that the individual bands of absorption superimpose each
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other, tranaition from one value of polsrization to another
proceed continuously, Having measured the degree of the lumines-
cence polarity when excited in different gzones of absorptiocn,

by formula {20,4) one can estedblish the relating disposition of
the oscillators of absorption and those emission in the inves-
tigated molsacyles, Polarization spectrs were used for the
research on the structure of nume:rous organic compounds (neph-
tnalene, antrecene and its derivatives, polyenes, porphyrins,
chlorophyll, etc) L

Another importent problem which so far ras been solved

but few compounds, is establishing the orientation of
ebsorption oscillators in relation to tne molecular azes,

In the case of molecular mono-crystals, the polarization
of luminescence can be determined by both orlentation of the
emission oscillator in relation to the molecule axes, and by
orientation of the molecule itself in the crystal lattice,

If one of these factors is known, then the other can de deter-
mined by the polarization of radiance, Thus, by the orientaticn
of molecules in the ‘lattice of mono-crystals of naphthalene,
antracene, stilbene, and other compounds, By having measured
tne luminescence polarigation of the above crystals, we could
determine the orientation of their emitting cscillator in rels-
tion to the molecular axes. On the ocher hand, naving compared
the polarisation ans absorption spectra of the solutions, we
can establish the orientat‘on of the oscillators of adbsarption
and emission, respectively, in relation to the molecule axes,
Next, having measured the polarization diagrams (see below),

we can determine the orientation of molecules in the crystal
lattice, Por example, using tne above method, N, D, Znevandrov
has determined the orientation of antracene moiec:les in the
lattice of its mono-crystals,

How the Symmetry of Molecules Affect the Magnitude of the
Terminal FoIar?zation of Lumlnescence,

In those cases when the solutlon !s highly viscous, and
all the outside depolarizing factors have been eliminated, the
luminescence polarization Pc¢ !s at {ts maximum, and is called
the "Terminal Polarization”, It turned out that value of the
terminal polarization is determined by the synnetry of molecules;
the more symmetrical the molecule the lower is the value of Lne
corresponding Po, PFor instance, for flat mouiecules with an axls
of symmetry of the "n"- order, st 900 to thelr s:rface:

4 whenn &2
PO = ' (2005)
5 whenn) 2

Thus, 1if & flat molecule has a symmetry axis of the third
order, its Po & 0,14, Por non-symmetrical molecules and those
with a symettry axis of the second oriler, Po € 0.5, PFcr exangle,




molecules of benzene have a symmetry exis of the sixth order,
and their Pox¥ 0.08; molecules of the 3.6-diaminoacridine have
a lylnzgry axis of tho lecond order, and for their so;ution the
Po= 0.%0,

Polarization Dilega-l. The elementary emitters of absorp-
tion snd emission, not always cen be compared to linesr dipoles,
In some cases, they have cnsracteristics of an electric quadru-
pole or a magnetidedipole, Vavilov suggested that the multi-
polarity of elementary emitters should be determined by the
polarization diagrams which represent the polarizstion of
luminescence as a function of botnh the direction of observation
aid ponition of the oxciting light electric vector,

, Pig. 206 shows the method of
observing polarization diagrams,
Angle " " characterises the
oscillation gradient of the
electric vector in relatiocn to
the verticel axis; sngle " "
characterizes the direction of
observation in relation to pro-
pegation direction of the excit-
ing light reys. Having measured
the degree of polariszation for
dittcrcnt values of sngles " "

and " ", we will plot the polar-
Pig. 206, Observing the 1zation disgrams. PFig. 207 shows
poarization disgrews of the polarizstion dlagrams:

photoluminescence,

P~ £ (X) (= 0 end §) and P= ¢ ('l) (x=0 and §),

calculated by V avilov for various combinations of elementary
emitters similar to electric dipoles and quadrupoles, As we

can see, the dlagrams are very specific, snd can be used for

establishing the nature of elementary emitters of the sbdsorp-
tion and emission,

The method of polarization diagrams can dbe applied for
solving the probdblem of multi-polarity of elementary emitters
rot Just in molecules but also in crystals. Por exsmple,
when exciting radiance of cubicel fluorite (CgqP2) crystals
in zone of the first sbsorption band, the processes of toth
absorption and emission ceb be derlnod by electric lirear
dipoles. In other cases, the nature of elementary emitters
can be wmore complex,
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Fig. 207. Polarization Diagrams of various,and variously orilented
elementary electric emitters, Solid curves- when the resnective
axes of absording and emitting oscillastors are pac-sllel; dotted
curves- when the axes are at right arngle to each other,

Determination of Molecular Volumes and "T". Having the
polarization readings we cen determire the volume of investi-
gated molecules, The calculastion is based on 8 fomule worged
cut by Levshin and Perenne:
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P- Degree cf polarizstion in the conditions in whi:l
the experiment is teing carried out;

Po- Terminal Polarization;

T- Temperature;

ZF'VIacoalty of solution;

- Q&8s constant;

V- Volume of s Oram-molecule;

T - Average durstion of ths excited state of mole-
cules,

After we have plotted l/p on the ordinate axis, and Ték- on
the abacissa, we will obtain a straight line (Pig, 208). THe
segment chopped off Hy the curve from the ordinate axis deter-
mines the magnitude of 1/Po, and the tengent of angle of its
slant in relation toc the abdbscissa axis, with equal:

-

p, 3/ Y

-ty . -

' ige= (7r—+)+ (20.7)

When "U" has been measured regsrdlessly, we can estimate
the molecule volume "V".from the sbove formula. In this way,
one had deterained both of the moleculer volume and solvate
shells of many phthalamides, antrscenes and acridines,

. Oon the other hand, having inde-

Eendently measured the "P" and
/g S 3 "V" (the value for "V" can be
4 . . .2 obtained from experiments on
- diffulion)‘ we can determine the
15 —4. ~ value for "T". 1In this way, A,
* N, Sevchenko has obtained the
0 5 ‘ values of "T" for solutions of
& number of pigments. Ly applyling
the above method for metering of
s o v ", one can get away without

| .. using the hard-to-get fluorometers;
_ " usually, the obtsined resulls are

' (v 28 &2 5§ WM1H  pretty accurste.

#111, Luminescen:e Anslysia ~f
Non-organic compounds.

- - - - . - - ) - .

FIg, 2.7, Depolarizatior. e number ol pure, ncii-
of luminescence of fluore- crgenic compounds capabie to
scein In glycerine when luminesce, 18 very limited.
hested, Some of them will lumatines:ce

only when in crystalline form,
others will produce radiance only in sclutions, Tnese : o pJr.nus
tnzlude: selts of the rare-earth elexzents (R.E.E ); urany ealte
{including the yl group UOp); some complex salts of heavy
metals (TL, 8n, P8); platinicysnic sslts [vith the group P:
(CH)a); tungstates and molybdstes (XWO4 and IMoOy, where che
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alimli-earth metals serve as cations X); aluminates (ALo0-:);
chromates (Cr2 03); and a number of pre:lous s:on:s, g

By fer the giggelt part of all luminescent ncri-organi.
compounds form the crystalophosphuri whose necessary eiemen:
comes in form of admixtures-a:tivstors; the latter are detorm-
ing the 3rystalline lattice o“ the basic substance, sanu form
the centers of radiance, O.caslonally, the raulance exciting
defects of the lattice form in the very process of preparing
the phospl:ori, with no special lngredients adided, Due to
complexity of the radiance process of crystalophosphori, ana
its dependence on many hard-to-be-accounted factors, a chemical
luminescence analysis of the atove compounds is being used but
rarely, Mostly, 1t 1s used when working with minerals which
are crystalophosphori of a natural origin.

From 8 practicsl point of view, of all the pure, lumines-
cent, non-organic substances, the rare-earth and the uranyl
compounds ere the most important, Their soclutlons display a
characteristic radiance which has been thorourhly investigated:
for these compounds, both the qualitative and quantitative
enslysis of luminescence have been worked out,

.E.F,
up %0 (1) occupy 8 specisl
place in the Mendeleyev's periodic system, When the atomic
number becomes hizher, the inner electronic shell "4f" (from
zero for lsnthanum up to 14 for Ytterbium) becomes filled up,
On the other hand, the outer shell of sll R.E,E, retains the
same structure; this 1s why all of them are chemiceliy similar,
However, the optical characteristics of the R,E,E, differ from
each other considerabdly., This can be explained by the fact
that the spectra of both absorption and luminescence ere asso-
clated with transitions between the therms "4f" of the shell.
By the nature cf their luminescence spectra, the R,E.E,
can be divided ln two groups. The firs: group, the so called
"Gadolinlum Group", includes: Semarium (Sm); Eurcpium (Eu);
Gadulinium (Gd); Terbium (Tb); &nd Dysprosium (Dy), 8ll of
which sre occupying a central place among the R.E.E., The'r
solutions produce very characteristic, narrow bands of lumines-
cence which at low temperatures will spli* into separate lires,
The second group, the so called "Cerium Group" includes:
Cerium [Ce); Praseodymium (Pr); Neodymium (Nd); Ytterblum (¥})
which all are occupying the extreme piace among the R.E.F,
Their solutions produce wicde, diffused bands of luminescer.e.
At the same time, aome of the R,E,E, do not produce any
luminescence st 8ll (Holmium Ho and Lutecium Lu), the radiance
of others can be ceen only in special conditions., For example
radiance of Ytterbium will form only at a temperature of *he
1iquicd eir; the luminéscence of Thulium (Tu) can be excited
only 1f it is either immersed into a sclid solution of (2nS-Tu-
phosphori).
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Special Peatures Characterizigg the Spect:a of
Luminescence an sog& on o e R L. E, <—he particuler
uniqueness o JE.B, uminescence spectra comes very
handy fecr the analytical is greatly purposes, However, the
luminescence analysis 1s greatly hampered by the circumetsnce
that the luminescerice spectra of R,E,E, (the ratio of inters'-
ties of individual lines) highly depend on concentration of
the investigated element, on the presence of other R,E,E,, and
on the tempersture, Position of the bands will also change,
depending on nature of the main substance in which the analyzed
compound i{s located: on the distance between the anions and
cations in a crystal, and on the crystal constant of the main
substance lattlice, Moreover, the luminescer.ce spectra of the
R.E.E, are very sensitive to the influence o:r various foreign
admixtures, FPFor instance, the existence of ewen traces of
nitric acid in the solution is sufficient in order tp fully
extinquish the luminescence of TH 1ons. On the other hand,

Eu will luminesce in a diluted solution only in preeence of
traces of SOg‘ ions,

In the Gadolinium group, the most intensive radiance in
diluted solutions is produced by T® and Gd itself, The latter
displays only a single, narrow, ultra-violet strip of lumines-
cence 1n the zone of 311 mm,., The luminescence spectrum of Td
is more coplous: it consists of seven narrow strips positioned
predominantly in the long-wave part of the visible spectrum,
Their half-width 18 2-5 mp. The radiance of Eu, Sm, ard Dy
solutions has a low inte ty, consequently, the senslitivity
of their analysis on the lumineacence spectrum is rather low,
For example, in a uolgtion the Tb will be detected if ite
concentration is~ 10~ ﬁram/milliliter for Eu the extreme con-
centration 18 only~10~" gram/milliliter, Nevertheliess, both
Eu and Sm are excellant activators for crystalophosphori; in
a concentration of only 10-7 gram/gram, they will produce a
bright and extremely characteristi: radiance,

In the second group, the most intensive radiance 18 pro-
duced by "Ce", Its spectrum appears as a wide band which emb-
races the entire near ultra-violet zore from 312 up to 40" méﬁ.
A high radiance intensity of the diluted solutions of Cet+ dor-
mits a reliable detection of this element presence when ..s
concentration is as low as 107 ° gram/milliliter,

All the R,E_E,-8 are characterized by a solid band of
absorption in the far ultra-violet part of the spectrum,
Therefore, they are usually being excited by either an electric
arc or an electric spark which both have an intensive emission
In this spectral zone, Sometimes, the R,E,E,-8 are teing
excited vy means of cathode rays, For instance, the Indiasn
8:1entiets have applied the above metnhod for detecting traces
of R,E,E, in fluorites, calcites, limestones and in the ashes
of coal mined in Indias,
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All the above said serves as a proof that the luminescence
analysis of R,E.E, -8 presents a hard problem due to their
complete lack of radiance, some elememts are not suitable for
analysis at sll, others require &n elaborate technique, Right
now, basically used are the methods of a qualitative and, some-
times, 2 semi-quantitative luminescence analysis of the R,E,E, -8,

fho nethod of Fearls., One of the recommenddd methods for
a qualitative analysis of R,E.E.-8 is the method of pearls,
dere, the R, E.E, -8 are placed in the pearls of either borax or
phosphoric acid, In these media, the salts of many R,E,E,-8
(Sm, Dy, etc,) produce a very intensive radiance whose spectrum
consists of a number of characteristic bands, The Ce salts
have & 80l1id spectrum whose maximum is close to U450 mam. To
detect the small amount of Eu, one has to produce pearls by
fusing the basic sudstance (sodium chloride or strontium chlo-
ride) with the investigated specimen: pearls obtained on the
base of sodium chloride produce a bdright, sgolet-blue radiance,
Those onathe strontium chloride - a violet radiance, After
having prepared a set of standard pearls containing a now
concentration of Eu, one can determine its approximate quanti-
tative composition in the analyzed pearl, There are also other
methods which permit to fast determine the approximate ocontents
of Eu in R,E.,E, oxides, Sensitivity of this method reaches
~ 0,005%, its accuracy & 1) - 20%.

In some cases, sensitivity of the pearl method turns out
to be not hiﬁh enough; it can detect Ce with a concentration
down to~10-" gram/gram, and Sm with a concentration down to
~ 1077 gram/gram, Moreover, due to lack of radiance, the pearl
analysis of La, Pr, Nd, Er is unattainsble,

Introducl the R,E,E,-s into Tunzstate and Molybdates,

NMore sensggive than the above 18 the method where R,.E.E, -8
are fused with elther calcium tungstate (Ca WOy) or calctium
molybdate (Ce Mo O4). In surcn a s>511d solution, the R,E.E,-8
also have & characteristic, either ruled or striped spectrum
which only l1ittle is affected by the substance concéntration,
foreign admixtures or the presence of other R,E.E,-s., The
CaWOy iteelf produces a sharp, blue luminescence which forms
a background hampering the otservation of the rare-earths
radiance; this interference can he reduced by heating the
specimen up to 1C0° Centizrade, when the temperature-induced
extinquishing of rare-earths 1is not vet noticead!y affected,

In the above method, the ex2itation is belry effected by
8 mercury, low-pressure dlscharzing tube, The investigated
substance should be deposited on the inner surface of the tube
which then is placed In a cyiinudrical oven where radilance of
of the CaWO; will be suppressed, The luminescence will be
watched through & window in the oven, By studying *he rad‘ance
in the ultra-violet, visible and nearer infra-red parts of the
spectrum,we can carry out analysis on many R,E.E,-s and thelr
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combinations, For example, the des.rited method allows detect-
ing ~10~7 gram of Sm Iin 1 gram of Caw0y, :owever, some R,E.F,-s
could not be detected by this method,

The Method of Additives, For phosphori on a base of CasS,
SrS, and also on the base .f ZnS, *he R,E,E,-8 ca:u serve as
activators, and can determire the rature «<f radlance, 1In this
way, we can detect minute amounts .!' R,E,E,~-8 in the samplec,.
For instance, to solve a number of practioal problems, 1t ls
important to obtain Thorium, and its compour.ds, with e tremell
small contents of R,E,E, admixtures (not more than 1072 - 10-°%),
Such minute contents of R.F.E. can be detected anly by means
of a luminescence analysis using the method of additives,
Principle of the above methcd 1s as follows, A set of crystalo-
phosphori should be prepared, with the Thorium to be analyzed
as their base; the Thorium is turned into Thorium sulfate or
Thorium oxide, The R,E,E, activators (Gd, Sm, Eu) are being
introduced in a form of additives of a different concentration.
It has been established that, in a wide range of concentration,
there exists a certain ratio between the brightress of tne
crystalophosphori radiance and the concentration of the R,E.E,
contained therein either as a natural ingredient or an additive.

Then: y e .
Do G (20.8)

Iy C,+C. ’

Where: 'I - the respective brightness of the
I 1 and z phosphorus, without or with an
additive which has a concentration
Cca;

Cx - The R,E.E., concentration to be
found,
In reneral, fcr any value of Ca:

ImAC,+C)  (20.9)

Where: A -~ the raiiance intensity of the phos-
phorus when the concentration of
the R.E.E, equals 1,
Having plotted the values for " " on the axis of ordirates,
and those for "Ce" on the axis of abscissae, for a series »f
phosphort we will obtain a stralgat line whose inclinat!orn
permite estimating the value ror "A", and the sector on tne
abscissae axis between the polnt where it 1s blsected by tiue
streight line, and the center or coordinates, determlnes the
value of Cy (Fig. 209).
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Pig, 209, - Quantitative determination of samarium in
Thorium; metalic thorium: l- pure, 2- artificially contaminated

with a R,E,E,

It 1s important that the additives Ca are commensurated
with Cx (they should differ from the latter several times over).
Therefore, at first, by the relative radiance intensity of three
phosphori each with a drastically different concentration of
the investigated R,E,E,, the order of magnitude of the Cy in
& non-activated phosphori should be estimateg, . Neaxt, a set of
phosphori should be prepared, with various values of Cq, anc
by the intensity of their radiance the Cy can be determined,
Radiance of the phosphori is being excited with an electric
spark, using a phosphoroscopic apparatus, It has been estab-
lished that in the thorium-phosphori activated by Gd, Sm, and
Eu, the foreign contaminators Sm, Eu, Dy, Fe, Mo, Cu, and a}so
thegr combinations, which exist there in a quantity of 10~
107~ gram/gram, practically do not affect the asnalysis accur-
acy, but noticeably lower its sensitivity (Fig. 209). The
method of additives 18 being applied also for a quantitative
determination of Gd in metallic be,

There are also known other, more specific methods for
determination of some R,E.E,-s. For example, there 1s a quite
sensitive method of determining a R,E.E., in calcium oxide which
should be placed in the colorless flame of hydrogen. Even with
an insignificant concent:ation of the R,E.E,, the slow electrons
in the flame will excite a noticeable radiance,

Luminescence Analysis of the Uranyl Compounds,

Among the uranyl compour.ds, the uraiyl sa.ts enbracir, the
uranyl group UO2 have a significant capaballity of luminescing.
Thelr luminescence spectra sre very chyracieristic, &nd cons.ist
of a number of bands at an epprosimstely equal <distance f{r.a
one another, Usually, the molecules of uranyl <ompourds ccr.-
tain a great amount of water of cryatsllization which to s
great extent affects their spectra of luminescence.

Characteristics of spectra also greatly depend on the
contents of the investigated salt and the structure of its
crystal, Rsdiance of the uranyl salt solutions is consideratly
weaker, and their spectra more washed out,
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Glass tinted with uranyl salts luminesce trightly., The
radiance intensity of uranyl compcunds goes up significsntly
when they are cooled down to the temperature of the liquid
nitrogen, Fig, 210 shows the luminescence spectra of trany!
eulfate U0, SOy 3M,0 in both a crystal form and solutirn oF
sulfuric acid at a room temperature,

- . A qualitative luminescence

I8 analysis of uranyl com->»
v, | pounds 13 easy to perform
as they produce an inten-
' sive and characteristic
‘ radiance, By having accur-
¢ ‘ ately measured the wave-le-
! ngths of bands of the lumine-
p ,. 8cence spectrum, one can
o w:nmnmuu'q-: establish the nature of the
" w’ | investigated salt,
[ 4 7 ' In a quantitative lum-
' i irescence analysis, small
‘ concentration of the uranyl
compounds asre ususlly leter-
¢ mined by the method of pearile,
? The luminescence intensity
’ : of the uranyl compounds
0520 00 560 48 000 00 5 V8 0t includes when fused, into
' ' the pearls of either borax,
Fig. 210, Luminescence spectra NaF or KF in a wide range
of uranyl sulfate: of concentration (up to 1.,107Y
A- crystalline U02S04 3H»0; gram/gram NaP) will vary with
B~ solution U0280,; 3H,0 ?n their respective concentra-
sulfuric acid, tion, A quantitative deter-

mination of urenyl contents
in comparing the radiance intensity of the pearls to be snalyzed
with the of the standard pearls in which the concentration ot
uranium is known,

When excited by a mercury line\= 365 %, the pearis on
a NaF base produce a8 yellow-green luminescerite () max= 555 mf\).
Radiance of a similar spectral contents can form aTgo with
Niobium; however, it will te ex:ited by & more short-wavec radi-
ation, ae for instance, by a resonance mer:ury line ulth‘k :
253.7 mMm. In pearls based on KF, no rediance of Niobium can
te excited, However, the luminescence intensity of urany. com-
pounds in these pearls 1is consideradbly lower than in those with
NaP,

In some casea the pearls :re being made nf » more ~Cc=rle-
mixture, consisting of NeF, Na> 03 and K2C0q , 811 taken '~ 19
certain proportion, Here, we can lower the temperature :°
which the pearls are being produced, from 1,100 down to o0
Centigrade.
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For a higher accuracy of the analys's, it is Imp~rta;:
that the technique of pearl preparation !s standarizeq: i
pearls should be made of equal size; thelr fusing snouala
proceed for s certain predeterminca time; one sinculd take (' :
sccount the drop of intens'ty of the pesrl radlance, A proces.
which can be observed with!r. the '~1al 12 hours after they h:u.«¢
Yeen prepared,

The radiance intensity of uranium ¢ompounds 1. pearls run
b« greatly affected by presence ! fore!sn sdmixtures many ot
which turn out to be luminescence extinquishers, For instance,
’r, Mn, Co, Ni, Ls, Pt, Au, Ce, Pr, Nd are all strony extin-
quishers; less active %n this respect.sre: Pe, Cu, 2n, Bn ani
Th; Tl and W are mild extinquishers, Other elements practicaliy
do not affect the luminescence intensity of peerls at all, For
example, the presence of neptunium and plutonium does not hamper
an analysis on uranium,

A number of other foreign admixtures have en extinquLshlng
capabllity, too., Particularly, all the tinted oxides (Fe, Co,
Ni, Mn, Cr, etc,) turn out to be quite strong extinquishers,
When carrying out & quantitative analysis, the strongest extin-
quisherg should be eliminated rrom the investigated specimen
chemically.

The pearl method is being widely used in the lumineacence
anslysis on ores containing less than 0,01% of uranium, When
metering photoelectrically, thecabove method permits detecting
the amounts of uranium from 10°- down to 10=)0 gram in 0.3 gram
of NaP, Here, the analysis accuracy reachesn ¥ S, When meter-
ing visually, the accuracy drops down to * 30%.

Luminescence Analysis of other Non-organl. Compounds,

When carrying out he‘Iumineqcence analysls on many norn-
organic compounds, they often uti!llze the luminescent reactlons,
For example, to determine the am.unt >f indium, they perform a
reaction between anions of IN 3»_ and cations of rhodamine pig-
ment 3 B, The obtained compouni 's then extracted by means of
Benzene, Py reading the raiian-e intensity of the above agl
tion, one can established !ts c: n-ends of In down to 2,157° gram
in 5 milli-liter cf solution, Re.ommended are also other rea-

ents which form luminescing comp'exes with various cations:

- hydroxyquinolire for L1 and A!; morin for Be, Al, Sr, Zr;
rhodamine B tcr Ag, Ga8, T1, Te: - oxiflafol for 2r, Mf;
trioxyfluorone for Th; henzoln tor B; etc,

As indicated ®elore, many metals can serve &8 activaters
in crystalophcsphorl which p">1;:e a strong lunmir.escence,

This circumstance can be used dor'ng ’he anaiytls, Foooaraole,
when analyzing antimany, a drop of t'e inv eutlga ed samp.~
should be deposited on the non-l.m'nescent calcium oxide,

during the caleination in preserce of SB, 9 :rystalop.yep:.  ric
Ca0'S® forms whose colo: 0. lumireecen-e .epends on the C ..cen—
tretion of antimony. The gBova nethoed permits @8 qualilative
detection of down tc 1,10-*< .;:am of Sb i{:cns in a drop of




solution ( 0,01 milli-liter),

By creating the crystalophosphorus KI Sn, we can detect
Sn** in a solution, For this purpose, a drop of the soluti.n
and a drop of KI shall be depcsited either on a fllter paper
or on a non-glazed porcelain plate, If Sn is present, the
spot will produce a bright-yellow luminescence, The above
method allows detecting-yhen on paper- 0,02 pp-gram of Sn if
diluted in ratio 1: 5.107; and whepn on poro€lain- O, -gram
of Sn if diluted in ratio L:1.5:10°, By using the methdd of
forming the crystalophosphori, one can detect microspic suounts
of Hg, T1, By, P8 and other eliements,

Knowr. 18 also a luminescent method of establishing the
contents of chromium in synthetic rubdies whose characteristics
are+g$1ng determined by its concentration, Ions of ch.omium
(cr™" ") affect the red tint and the intensive luminescence
of rubles, When theip concentration goes up, the lumines-
cence spectrum will change drastically; the percentage of the
long-wave infra-red emission will increase, At the same time,
the ratio-of intensity of the spcctrum infra-red part to that
of the chromium doublet ()= 692.7 and 694.2 mm ) will go up
by the exponentdal law, ving measured this ‘gbto, we can
determine the contents of chromium in any sample with an accu-
racy of~rﬁ.5’, without any special processing of their surface
required,

Such ansanalysis 1s very important in the manufacture of
precision apparstus and, particularly, for the watchmaking
industry.

‘ ‘112,‘Lunincaconce Analysis of Organic Compounds
rous organic substances have a capa y to luminesce,

They include the most simple aromatic compounds:

-

Many of their derivativea, some heterocyclic compounds
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and many other compounds,

Some organic substances can luminesce when in vapor,
liquid or solid state, others- oniy when in solutions,

The luminescence spectra of solutions of the orgraic
compounds appear as wide bands, a' either the visible or t!
nearer ultra-violet zone (Fig, 187), 1In spectra of s-me
substances one can see their osclllating structure which is
particularly distinct at low temperatures, Different factor

are greatly affecting the luminescence properties of golutic: -

of the organic compounds, For instance, both the shape gna
distribution of the luminescence bands may depend on the va.

of the solution "pHK" (Pig. 186), on nature of the solveni, : ..
the temperature, Moreover, the luminescence outpit may depe:

on the existence of foreign extinquishing admixtures in the
solution, and the latter's concentration, All these factor.
should be paken into account when working out the analysis
technique,

The luminescence methods are being used for both the q-.
tative determination of various organic substances, particu:.
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o! the compounds affecting the orsanisma of <he human ard
animal world, Included h<re are: .ltamins, hormores, pigFmen'. .
antibiotlcs, cancerogenic substa:ces, and many others, Airc.,
the methods of the lumineescence analys!s play an importan’.
role in the research on olls an' pitumens,

The Luminescence Analysis o! Biologically AcLive.Subs:a: -

Yuminescence Analysis of Vi.amins, The vitamin fg (Cy .ip;
N4°6) calle riboflavin” or "Lactoflavin" is intensively lum’ .
cing in & solution, It 1s contained in liver, milk, eggs, ve. .
tables, and plays an important role in the metabolism of tl.e
human body, Its luminescence spectra appears 28 a washed-cut
band with its maximum at 535 mm.

Riboflavin can be detected b!’thezr photochemical reactlc
created by the exciting light, When excited, the ribdoflavin
which usually remains in eitner a neutral or acidulous solutic
turns into lumichrome producing a blue luminescence, In an .
alkaline solution, under an ultra-violet radiation, riboflavi:
will turn into lumiflavin which produces a sky-blue radiance:

. ) H. (':H.
T H'c\(k.(“\(‘\lo .
A>T | )\
" He/ \( N 7 \N—H
H o)

-
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H Cﬁ{CHOH)
AN M ° ——
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"H.C/u N/-\'/ H 1 N 5 o
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RisoPlavim ‘__pﬂ'?'r-' )
| Mo/ NN, 2 —H
H 0 '
e fz{ . . . f’:g::~m

- lae. -

It is difficult to carry out an analyeis on vitamin B,
becaune one has to determine .ts significant amount Iin such
complex systems as the foodstuff, plant tissue, etc, For
each case an individual method has to be worked cut,

A quantitative analysis of the B% vitamin is carrie! cut
in a complex way, From the investigated sample 1t has to he
transformed into a water solution; then it should be abso:rived
on special adsorbents (lead sulfide, frankonite, etc.), from
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which 1t is transferred into the p'r'dine soluticn, Iy coum-
paring the radiance intensity of the pyrldine sclution witi.
that of the standard one, one ca: determine the concentratic:
»f the Bp vitamin in the-sample, However, such a analysis !=s
very time-consuming, Theref:re, cimplified me®hods are ofte:.
used which allow a quantitative catimate of the Fp vitamin
contents, For instance, when es°ablishing the vitominoslity
of milk, the riboflavin should be translerred Into acetone
solution whose radiance intens!ty will be compa:i'ed with that
of a standard cube made of uranyl glass, The cube radiance
should be priliminarily graduated by the standard solutions
containing a know concentration of riboflavin,

~ The human body is greatly affected by vitamin By (Cjph;g
ONySCLp) caslled either thiamin or aneurin, which does nol pri-
duce luminescence., However, it can be detected by a thiochrome
method. which consists of oxidizing the B; vitamin by potassium
ferricyanide Kq[Fe (CN)g] after the former has been turned into
a aqueo-alkalife solution, In result of the above reaction, a
new substance will be created- the thliochrome which produces a
very intensive, blue luminescence () = B60-U70 zdn). From
the obtained mixture, the thlochrome Bdf be separate by usiig
the isobutyl alcohol, By comparing the radiance intensity of
the thiochrome solution with that of the standard, one can
determine its concentration, Then, by a calculstion one can
determine the By vitamin concentration in the investigated
sample,

Majority of the other vitamins, as, for example, vitami:
C (CgHgO6~ ascorbic acid), vitamin E (cagu-gof- toxferol),
have their own radiance, Some of the non-?um nescing vitamin
(vitamin A-Cy3Hp0o) can be turned into luminescing compounds
by means of a cgemical reaction, Thus, the luminescent methods
can be used also for analysis o!f these compounds,

Luninescence Analysis of Hormones, Luminescence methods
can be also used for analysis of various hormones®, For ins‘auca,
widely applied is the luminescence analysis of sdrenaline - an
important hormogﬁ which forms in the suprarenal glands

HO _b__C!!OH—-(‘Hg——- NH—CH3.

The above compound 18 belins; appllied for boostiny the bluod
pressure, for heart Jdiseases, etc, An intensive, yellow ral'-:u: o«
>an be seen only in an alkseline s7lution of the adrenaline,
iiowever, the radiesnce 1s emittecu not by the adrenaliire iteel!

Lut by the product of 1ts oxidaw.!~n, Th analys!s pecomeg coup'ler
due to the circumstance that th~ :xidatlon process does nct t.p
here but goes on and develops continuously until the solutior
will completely lose its lumines:ent capability, The seczoni pu:»~
ol the process can be effectively retarded !f the analys's !:
ggtng carried out in a solution cf the concentrated alkas'' 7-°%,
* Hormones - Blologically active substances dischsrged inne ..~

blood and the tissue liquid by the inner secretion, They
greatly affect the metabolir. _i both human and animal beiles,
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Lunmir..gcence Analyvsis ol Plgments, Many Ligments =:ow
1:reducing @ characteristic ant Int-ns!ve radiance,* toc, The
38t impartsnt of them are the porphyrinis (derivitives of - i
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Where R -~ the methyl group of CH3 or gsome other radicsirv,
They are discharged from blood, liver; brain and osther binlon-
gical substances contained in bodies of an‘mals and birds,

The porphyrine radiance id8 located in the long-wave part of
the visible spectrum (between 600 and 8C) V?, and conclste
of two, three or four characteristic narrow strips, Diffr:ent
porphyrines have their individual radiance strips very cicse
to one another, and thus not easi{ly identifiadle,

The porphyrines are bases, Therefore, their lum!‘rnes«er--
spectra are highly dependent on value c¢f "pH" of the solut!i n;
lower pil willl shift them towards %the short waves, In different
porphyrires, the radiance intensity cepends on the pH value in
a different way, This feature can be utilized for the purrsa-

o{ their separation and identification. As an example, Fir, ©71
shows the corresponding curve for three 7different porphyriics,

* Pigments - the tinted organic substances contalned in th.
tissues of 1iving organisms, and important for their fun~-
tioning.
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Pig. 211, Luminescence intensity of Porphyrines atc a

Punction of the "pH" value:

1 - Hematoporphin; 2 - Isouroporphin;

3 -

Uroporphin,

Very cliose by ite structure to the porphyrines 13 the
chlorphyll ( a complex salt of the porphin) which 18 the green
vigments of the plants, and is hiclogically h ghly important,
The chlorophyll absorbs the light energy, and transforms it intc
chemical energy of onganic substances formed during the photo-
synthesis, The chlorophyll can exist in either of the two
hard-to-be-separated modifications: the blue-green chlorophyll

M,) and the bright-green chlorophyll "B"
SUBuallyh the leaves of plants contain three

"A" (C Og Ny
(Css H55 2 5

timés ae uuch chforophyll "A

as chlorophyll "B", In organic

solvents, the chlorophyll will produce an intensive, dark-red
pectrum consists of two bands between (5.
and 730 m The bands of the chlorophyll "A" luminescence
are somew t shifted towards the long-waves as against those

luminescence whose 8

of the ch.orophyll "

B"

they use the method of chromatographing on paper ( # 108

When performing a luminescence analysis of chloroph311

‘They are handy when separating the chlorophylls "A" and

'B",

end also when separating the chorophyll from some other

pigments ( for example, the carotinolds),

In thie case, cne

>f the following: the benzine, petroleum ether, or scetons,

serVe &S a solvent,

Luminescence Analysis of Antiblotice,

of lumlnescence anal
terramycin, ete,)¢

ya%s ol some ci the antiblotics (aureom::':

Known are metno is

)

These compounds are luminescing only ‘n
alkaline medium. Aureomycin produces the most intensive railsr i«

* antibiotics - compounds created by micro-organisms, wni.h
are capadble to check or destroy bacteriss or other mic:ot ...




- pii~ 8, the terramycin - at pii~.", A nicercany amors 2
‘uustic soda, and a 1ittle of butyl 2.2chol shuuid be an* :
to the blological 1iquid to be analyv-d, or %ie exztract: Lo
~austlic soda will raise the solution nu The butyl! gl :hol
@111 extract these gubstances “rom ‘"c solution, Tt ha:r besn
cez2ertalined that the intenzity of ‘o ereated lumineetonie
.arles with the concantration of t.+ ant! blp*it in thy rolu-
¢ion, i1f the concentratior. I8 het::en 511977 and $5°1C~Y gram.
milli-liter,

When an antitiotic 1s losing 'ts biologlecal activity, it«
uminescence spectrum will change :onsideratly, For instance,
“he yellow=-orange radiance of the aureomycin #1111 turn into
viue, 'The yellow lumines:ence of the terramycin %111 become
greenlsh, Thus, by the spectral contents of thelr emission,
the antiblotics can be checked as to their activity,

Luminescence Analysis of Cancerogenic Compounds,

Tn certain conditions, the cancerogenlc substances can
serve 88 exciters of the malignant cancerous tumors, Mostly,
they repregent polycyclicsal, aromatic hydrocarbons containing
the cyclic groups of eithnr phenanthrene or benzanthracene;
for example: te

' SENZoPYAgr

Many of them are contained in the by-products of coalf’

The cancerogenic substances produce an intensive lumines-
cence whose spectrum consists of three or four strips, It
could not be ascertained if there i{s any direct link between
their luminescing and canzerogeni: properties, However, their
intensive and characteristic radlance can be utilized for sns-
1ytical purposes,

It 18 ver{ hard to determine the cancerogenic substance:r,
notably the 3,4 benzopyrene, in tars because their radlsonce
is hindered by luminescence of the basic substance, Moreove',
different admixtures usually ocan be found in tars, and they

may extinquish the radiance of the cancerogeniz compound, The:-

fore, the tars should be disrolv.'i in vaseline oll where tre
strips of the benzopyrene become¢ narrow and clear; also, due
to the solvent high viscosity, the extinquishing properties

¢ Cancerogenic characteristics zsn be found also in other ¢ .ip~
stances of a most varied chemi-21l structure, for instance, the
aminocompounds, and also some hormonec,



of the admixtures becomes less acute, For a better sesitivity
of the analysis, the metering should be carried out at a temper-
ature of 1iquid air (-180°C), when the lumonescence strips be-
come much more distinct,. In this way, one can detect benzophy-
rene with a concentration of~10-3% by the appearance of 1its
most intensive line 4035 A,

At low temperatures, parallel to the fluorescence spectra,
one can 8lso use the spectra of phosphorence which sre cons'der-
ably shifted towards the long waves, In this way, we can measure
both spectra of radiance without usong a phosphoroscope, In some
cases, the spectra of phosphorence are very characteristic, and
the permit differentiating the isomeric cancerogenic compounds
even though their fluorescence spectra fully coincide,

Even better results one can attain when performing the
preliminary chromatographic fractionation of the sample, and
placing it into frozen solutions of n-hexane or n-octane, If
the sample contains the benzopyrene, the spectrum of its lumines-
cence will become ruled, and the wave-lengths of its individual
lines in these solvents will, with an accuracy of up to a decimal
of one Angsbrbn, coincide with the lines of a pure Benzopyrene,
In a similar way, one can detect cancerogenic hydrocarbons in

_the smoke discharges of §actory stacks where benzopyrene reveals
itself already at C~10~7 gram/gram of substance,

Luminescence Analysis of Crude Oils and Bitumens

umens are e gaseous, qu or so substances which
consist of hydrocarbons or their derivatives, In nature, they
can be found either in a pure form (tars, petroleum oils, natural
gas), or in combination with various mineral rocks (oll shales,
asphaltenes) or as organic solid formations (mined coal). Both
the petroleum oils and other natural bitumens represent multi-
component systems which consist mainly of varlios types of hydro-
carbons, They include: the terminal paraffin nydrocarbons (CnH2n+a),
NAPHTEMES - aliphatic hydrocarbons of a terminal nature (CpHo,)
ior example, the cyclohexane:

H,

H"-A-H' .

& ony
A

|
H,

aromatic hydrocarbons (benzene and its higher homologs); non-ter-
minal hydrocarbons (C,Hon) of the ethylene (HyC = CH,) oxrder;
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compler, high-mole~ular hydrocarborn:; andi some other substo: - .,

Most of the above compounds proquce a luminescence,
observable luminescence of petrol::um oil represents a tota.
radiance of 2ll its numercus luminescing components, Consetiintiy,
the spectrum of luminescence w111 epend not Just on the qu#’ ‘-
tative but also on the quantitat!ve contents of the 011 or hitumon,
Many components csuce the total u;ectrum to appear washed c.. &n.
thus little fit for analysis, Another factor whi:h significantiy
hampers the¢ luminescence analysic of the petroleum oill, 1s thne
ex1stence therein of large gmount: of contaminating ingredients
which either extinquish or conceal! the radiance of its indiviauail
components, Various techniques have been worked out aiming at
overcoming these obstacles, Particularly, it has been foun-
advisable analyzing the narrow-temperature fractions of the
petroleum oii, an parallel to thelr spectra of luminescence also
to invest'gate thelr spectra of absorption,

At present, the luminescence analysis is being widely usec
for determination of both the qualitative and quantitative con-
tents of bituminous substances in rocks, waters, clay solut.ons
and in prospecting for oil fielda, The high senaitivity of the
luminescent method, and the convenlence of an "instant" analysis,
allow a fast prospecting of large areas in an oil-bearing t«rri-
tory,

One can apply any of the several types of the luminescence
analysis: the method of a drop; that of a standard specimen; the
method of a capillary; the method of components, In each of
the above approaches, the excitation 1s being effected by either
the ultra-violet or the short-wave, visible radiation,

The Method of a Drop consists in depositing a drop of lumine-
scent solvent (usually Ege chloroform) on the surface of the
ground rock sample, The chloroform dissolves the bitumen contalnea
in the rock and, after having evaporated, it leaves a spot that
will luminesce when subjected to an exciting light, By the chape
of the spot and by the spectrzl ~omposition of its emanation, onc
can determine the type and the =poroximate quantity of bltumen
contained, Even with the equal amount of bitumen contained, but
due to 8 varied friadbility of the rocke, the luminescing srots
can have different shapes,

The Method cf a Standard Sp-.imen consists in dissolving
a predetermlned amount ol the .nv-octigated sample in a knoun
amount of chloroform, As a resull, one obtalns a sclution of
bitumen in chloroform with a certain,well kgown concentration,

If the bitumen contents does not ~.cecd 107-'%, the radianc-
intensity will vary with the concuntration, Therefore, bewore
starting the analysis itself, one should carry out the "drcr
method analysis which will estalllsh the approximate contente

of bitumen in the sample, Afterwards, a solution should be
prepared with such a concentratlon that th2 rule of the vro-
portion (intensity of radiancze as a function of the concentraticn)
i{s then determined by comparing the lumlinescence Intensity ¢ the
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‘nvestigated soiution with that o' tne :tandarcé on~, ULl
rypes of the natural bitumen prcducr g radlance of a dlf 3
spectral composition, consequently cne chould prepare severa.

sets of the standard solutions maie of various types of bitumer.,

Lo

This method turns out to b~ much more accurate than the desasriie:

atove method of a drop,

The Method of & Capillary p::cents a modification of a
chromatographic analysis, A rock solution should be poured int.
a narrow glass or into & test tute, and one end of a strip of
filter paper immersed into 1t for duration of 8-10 hours, With-

in this time, capillary infusions willl appear on the rtrip in
form of separate zones which willl produce 8 luminescence when

subjected to ultra-violet rays, by comparing the spectral compc

sition, intensity and width of cach of the luminescing zones

of the investigated capillary infusions with those of the stan-
dard ones, one can determin the qualitative contents of the
petroleum oils and bitumens in the sample, If a more detallcd
analysis is required, the above procedures should be performed
in several solutions, in order of their dissolving capablility
(in algohol-benzene, petroleum ether, caustic potash (2%), and
others),

The Method of nggonents is based on procedures used in
both the method of the standard specimen and that of the capll-
lary, except applied to individual components of petroleum oils
or bitumens (oilo, tars, asphalts) which should be extracted
from the sample by way of 1ts su:cessive dissolving in various
solvents (for example, in the petroleum ether and in chloroform

Then, the radiance of the analyzcd sample should be compared wi :

standards i,e, elther standard solutlons or standard capillary

infusions prepared for each compon~nt to be investigated, separ-

ately,

Speclal Procedures Used for a Quantitative Research on
Luminescence ol Petroleum Olic,

............... ance by Waves of Jifferent Length.

Both the petroleum o0ils and the bitumens represent a mult!
component mixture of various luminescent substances, Thereforc.
to excite their radiance, 1t is advisable to apply individuol
spectral lines (for example, “he lines of a mersury epettpum),
when the wave-length of the cxelt!ng light !3 helng va=ied, L
luminescence spectrum of the petroleum w171 2h2mge, too, ae =

of the sample, Th!s procedurs =il faciiitate Lt dnt-vmire ‘oo

of the qualitative and the quantitative compos‘’“ion »t the pot-
roleum oil, :

Investigating the Spectra at_a Low Temperature,

When carryIng out an anaTysis of petroleum oTis, it 1s
recommended to investigate their spectrs of fluorescence at o
tcmperatures when the wide, washed-out bands appearing at a rc-
temperature become narrow and sharp, Thus, they become #~asi:r

to identify. In many cases, for instance in the kerosen: fri~t

=




ol the petroleum oil, the luminescence spectrum 15 loceted '
<hie near ultra-violet zone, Investigation of the lumines: n:
altra-violet spectra at a low temperature reveals that tie
radiance ha3 been excited by the aromati: compounds,

Whe dissolving the ssmple in normal paraffins (n-hexan~ )
at a low temperature, Quite often the spectrum of the lumire.r-
cence becomes ruled, This fact p~rmits determining the subszian:
Which excites the petroleum radiance, 7This was the way in =.n’ .
one had detected the existence of aromatic perylene hydrocasrtor.
in the oil~bearing clays,

not just the fluorescence but also the phosphorence, Here, n -
B-process, the spectrum of radiance dractically differs from tr-t
of the fluorescence, and this feature can be used as an add!ticnral
eanalytical characteristic, The above method gives good results
w?gn investigating the narrow, aromatic fractions of the petici: i
oil,

Investigating the Polarization_ The hungerian scientists
have worked out a unique metiwod of Iumincscence analysis of
bitumens; the method is based on metering the polarization of
radiance in solutions of rock specimens collected from the
surface of the s0il, Theory shows that the degree of the
radiance polarization drops when the symmetry of molecules
becomes higher ( see # 110). The molecules of bitumen formed
by organic substances in the surface layers of the soil, and the
molecules of the oil-bearing bitumens have a different degree o
symmetry, The former are less symmetrical than the latter,

Thus, by the degree of polarization of the sample luminescence,
one can evaluate the nature of bitumen contained therein,

# 113, Luminescence Analysis of Minerals and Ores,

The luminescence methods are being widely use geologlical
prospecting, in the mining industry, in controlling the concentra-
tion products of ores containing minerals, etc,

- Ores and minerals are non-organic compounds, and the proce-
cures described in # 111 can be applied to them, On the other
hand, the luminescence analysis of these very important substarces
has a number of specific features, Many minerals represent cr:s-
talophosphori of a natural origin, vhose characteristics of lu-ine-
scence depends on the upsetting of periodicity of their crysss:!
lattice, These disturbances will occur when activating admixt res
are being introduced into the baclc substance of the minersl -
lons of heavy metals ( rare-erth clements, Mn, Cr, Ag, S, {Uus v+,
and others), Minerals will produze a radiance when ecxciter Ly
ultra-violet and X-ray radiation, snd also under cathode :ays,

The most universal of them is the cathode excitation., A great

ma jority of luminescent minerals can be excited to radiance in
this way., The photo-excitation is less often applied; the X-r:ys
ars exciting only a limited number of minerals,
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In order tc apply the luminesc«an:e analysis to the n .-
Liminescent minersls, the latter's grains should bLe sublezti: .

. chemical processing after which their surface will be 2uv.e ..
Lv a fl1lm with its characteristic radiance, For Instance, ti..
m:neral wolframite (Fe, Mn) WO,, cue to a speclal prcressing L.
te covered by a film of Ca WO, whi~h wili produce an !ntens!-. ,
tlue luminescence, There are wor.ed methods of chenical proae -
‘ng for grains of the following mineralr: Huebnerite ¥n WO,
Beryl AlsBea[St_0,g] and Pollucite (Cs, Ma)[Al St,%] n Hpd,

To detéct éi}§erenc metals in ores, and to determine th~:-
quantitative contents, they, too, should be subjected to a 2i: m'-
cal processing prior to the analysis, In result of s lumines «n-
reaction, new compoun:ds are obtalned which can produce a char -
teristic radiance; by measuring the latier's intensity, one .o
Jetermine the contents of the given metal in the sample, The«
methods have been worked out for detection of such metals as:

L!{, Sn, Pb, Al and Zr in various minerals and ores, :

When carrying out an analysis on ores and minerals conta':-
ing uranium and rare-earth elements, one can use the techmiq::=z
described in # 111, In case of the uranium, usually a pearl
analysis should be performed, In case of rare earth elements
one should apply a cathode excitatlon,

It should be pointed out that similar minerals mined in
dirferent flelds, quite often show a different characteristic
of their luminescence, This circumstance is due to their resnz: -
tive admixtures which can be different in different formations,
Some of the ingredients (ions of Fc¢, Cu, Ni, etc,) are strong
extinquishers of the mineral luminescenze, These admixtures are
called "Poisons" of the lumineszence,

A qualitative luminescence analysis i{s being ut!lized when
concentrating the ores which contain some minerals, Part!-ula:1y
n’ten it 1s used when mining for the scheelite mineral (Cawo,’
which can precduce a very intensiv: blue luminescence, During
the concentrating process, a sactor of the moving conveye:r is
being 1lluminated with ultra-vi<.let rays, and the lumps wh!:
produce radlance are being taker. zs!ie,

The Roeriigenoluminescence !s applied when separating 4'as-
monds from rocks, Both the color a2ni the intensity of the +'-r 1.
luninescence allcw a2 sufficlently asrzurate separatiorn © rhe
sample components, By the 20lor o1 the'r radiance, Liue dlancnar
can be divided into tnree groups: cne with a tiie, Lhe se.
vith a green, snu a third with a yolliow lum.onescenze, With':.
each group, there are posiidle me:v detailed subegrours A4 e
by the intensity of the 2xclted radlance from one another, -,
the more complex cases the result: of “he lumineszence analy:'s
vhould be compared wizh the infra-red absorption spectra of -
diamonds,

To control the products of ore concentration, they are acpive
ing both the semi-quantitative ani quantitative methods oo °:.
luminescence analysis, based on the use of :athode excitus: :..
This technique gives good results in analysis on: szheelite / -

WOy); willemite (2noS104); zircon (ZrS10y); spodumene (LLAL{S 0,10

apatite (Ca;o(F, CL)o(POylg), ani other minerals,
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In such a case, standard sampl<s should be prepaérei =o' -
represent 8 mixture of the barren rock from the fleld in que.-
tion, and a kno n amount of the minersl to be Investigated, A
~uilection of such samples (s then place 1into a ves 1 witl,
:21ially partitioned sections, The investigatel sample s oo
‘nto the center section., The vescel 418 then placed into 2 zln-

nde cell, and the rsdlance of a.l camples 18 excited sim:lt::. .. -

ly, By comparing the luminescenc: Iintensity of all staniar:
camples snd the investigated one, we can determine the 2on: . -
tion of the investigated material in the ssmple, Accur:=cy

such an analysis does not exceed * 5%,

Qutie often, 8 qualitative luminescence analysis of ore-
and products of concentration consists of exclting the radlzu:-
»f contained therein minerals, and of a statistizal counting o
their grains, Such a count gives & percentage of the miners.

In the investigated sample, The analysis process itself can c«
divided into three stages: preparing the sample for snalysic;
preparing the compounds for analysis; counting the luminescing
grains of the minerals,

Preparing the, sample for sanalysis consists of preparing
the batches consisting of grains of a similar size, For this
purpose, the investigated sample should be ground and spreacd
'n a thin, several millimeter high layer. The layer is then
dtvided into equal squares, A certain equal portion of tne
substance should be then taken off each square mixed togetl:,
and the final batche prepared, Wwhen working with non-lum!ners>er
minerals, the grain should be chemically processed so that a
luminescent film will form on thelr 'surface,

The second stage consists of preparing the zsompounds (o
analysis, For this purpose, 8 square of certain size shoul: b=
cut out from a graph paper, and pasted on a slide, On its
other side, the glass shali be covered with a thin layer ot
glycerine, and then pressed against the smoothed surface of the
investigated sample, In reslut, a mono-layer will form on the
glass, consisting of grains of the investigated sample; here,
the grains will stick only within the pasted square,

The analysis will be finished with counting the grains
of the investigated mineral, For this purpose, the thus prej: e«
compound 18 placed into a cathod~ 2ell where the radiance ¢ tihe
radiance of the luminescent components of the sample wil!' ¢
excited, A Blnocular ghall be placed above the cell winc:.,
the number of the luminescing grains can be then easily coun::,
and the percentage of the mineral determined,

As to its accuracy, the luminescence analysis of minery'ts
equals the chemical analysis, !lowever, it 1s much more simple,
takes considerably less time, and thus gets the preference,

One should point out that the minerals, same as the crystaic -
phosphori, are producing a characteristic, protracted after-:a-!-
ance whicﬁ fades away by & hyperbolic law (18.,7)., The fau'ng-
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t~ay process, defined by the magni®:: of the -vnstent
very characteristic for a mineral, Inus, ~e 22n use ip . .
2nalyaia not Jjust their spectral ~=cmposition and the “ur!r.

intensity of the minerals, but also the its process »{ faqtﬁg .
away.
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CHAPTER 21

The lusinesceace Anclyeis of Detection

11k, Detegtion of the Invisible Badiance

A separate section of the luminescence analysis presents the detection
of and the research on rediations invisidble to the husan eye - the ianfre-
red, the ultra-viclet and the X-ray, and alco those forwed during the redio-
active disintegration and nuclear reactions.

Detect of the infre-red 8. As we knov, a protrected rediance
of the cmumﬂ 1s uoocint«l with a thermal liberatioa of the ex-
cited electroas from the locelisation levels. The illumisation of the ex-
cited crystalophosphori by iafre-red rays will, alse, liberate the electrone
from the levels of localisation and speed up their fading. Two altermativec
are possidble here. In the first came, the liberated electroms perfors emena-
ting trensitions wvhich lead to an explosioa of lumimescence, in the second
alternative, the electreas retura to their nom-excited state vith no emsna-
tion, make the luminescence te fade; the latter phencasnca consists in dark-
ening of those spots ef the crystalophosphori surface where the rediation
has been directed. DBeth of the adove phemcmsma caa be utilised fer re-
cording the infre-red reye.

The optical explosien ota be odeerved particularly clearly ia crystalo-
phosphori with deep levels of localiszation from which, at a room tempereture,
the electons cannot liderate themselves without any outside help. Theee
excited, but aot luxinescing in the normal conditoms, phosphori when sub-
jected to infre-red reys, will produce a bright explosion. They are called
the explosive phoSphori. The explosive characteristics are preper to the
alksli-sarth crystalophosphori (CaS, SrS, etec.) with two or sore of the rere
earth activators, for imstamce vith Ce and Ss (green rediance) or vith b
and 8a (oreage-colored radiance). The explosive phosphori permit detecting
an iafrea-red rediatioa up to A= 1.7p. Crystalophosphori im whiech the infra-
red rays would extiaguish their luminescence, are called the faing-eway
phosphori. These properties are charecteristic to, for emmple, the siac-
sulfide crystalophosphori activated by copper amd codbalt (a8 - Cu - Co).

The detection of the infre-red rays is oftea perfermed by nstas of the,
o0 called, "electromic-optical coaverters. In this case, cme should need
e luminescent screen sessitive to iafre-red reys. However, vith this msthod
of iavestigation uwsed, the screea's rediance will 2e emcited not ia result
of a direet actica of the investigated infre-red rediatiom, dut due to
electons forced eut of the apparatus photocathede by the {afre-red reye.

The aset sisple clestrenic-optical ceaverter ceansists of & vaswwm dis-
charge tuwbe vith a photecatdede iaside. The investigated fluxx of iafre-
red raye aball be projected e the photocathede from whoee swurface it will
force out clestrens. The latter are thea sped wp by setms of electric field,
and directed eute & luxineseent ssreen which will start predusiang a visidle

"
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An image of differen? ebjects ia the iafra-red rays can be also pro-
Jected cato the photocathode of ax slectonic-optical oconverter. Under the
iafre-red rediation, &4 vis’dle image of the imvestigrted object will appear
on the lmminesosut icress.

"Eﬁ of the ﬁ;_;_-_-_v_min _._x!n The ultra-violet caa excite most
of the ont e R perforuing a qualitativy obaervetion
of the ultra-violet redistiea, they wee sostly tke wranyl glass in which it
vill exeite an inteasive, greea luminescence. However, wvhen treaaferring
into the seme with 3 < 300 sy, the redismce intenaity of this type of
glass will drop markedly due to ax acute absorptica of short-wave portion
of the ultra-vielet spectrwm by the glass itself. Tor quantitative meter-
ing, the wreayl glause is set fit snough a8 their ateorptios ia the ultre-
violet part of the spectrum is irregular. It is swch mcre comvenieat to use
the fused quarts glass vhich contains Ce. A coriwm quarts produces an in-
tensive, dlue redisnce formed vhen excited by light with A from 380 down to
250 ap , and Mg & suffioleatly wmiform absorptioa capability ever the
eatire spectral reage isdicated adeve.

Yor recording the esamsiiva located in the recwam ultra-violet portion
of the spectrwm (with A < 130 s ), the ordimary photogrephic materials
are aet suitadble due to a high abeorption of the rudiation by the gelatine
layer. The abeve &iffieulty cam bde ovsroome by dcvering the nketo-emmlision
by & thia layer of industrisl oil; the latter's luminescence excited dy the
short-wave, ultrea-violet emamation will blackea the photogrephic fila,

Jetest of X. + The I-ray rediation excites the luminescence of
RUROrOwS Crys ri, different types of glaus dissonds and other mon-
orgiaie ocompounds. The rediance is being excited by fast electrons tom
off the electroaic shell of the atoms or soleculoe dy the X-reys. The X-ray
rediation esa be registered oiilier viswally (the Reentgenoscopy) or on a
shoto film (the Moentgenography). PFor the use in Boentgenocecopy, they meau-
facture luminescent Roentgen screens consisting of a thin layer (~ 0.2 -
0.% mm) of powdered crystalophosphori applied to either a cardboard or plast-
ic padding by weans of a transparcnt glue.. Radisace of such soreens should
be imertia-free so that ome could clearly see the outlimes of a moving od-
Ject, for imstance, thoee of a pulsating heart. To obtain a clsar image of
ainute details of the odject, the screen should be highly diecrimiaating,

& feature which cas be attained by using a finely srousd powder.

e Moentgen screens used in the Roentgencacopy are made >f crysta;. -
phoapheri wvhich prodecs either yeilov-greea or green radisnrs, tc both of
vhich the human oye is most semsitive. Usually they are sede of either
sinc eulfides (Ia8) or phosphori mixed with dase - Zud C15. They use \g
&8s an agtivater.

e Ivcatgen ssreeas woed in Roentgenogrephy for amplification of tae
photogrephic astien of X-rays, are bdeing sade of Cavo,, Ng¥O, or IaS-Ag.

They preduce a Mue or a blue-violet rediance.Yhes superimpesed ea & phote-
fila, the smplifying ecreens should be excited by I-rays; their radiasce

vill affect the photo-emulsies several times strosger thaa a direct {llwmine-
tiod. Thus, the durctiem of the exposure cas be drestically redwced.
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Detection of elementary particles and Y -ra_ .. By wvay of lusinescence,
one can regiater the flows of protons, deutroms, electons, neutrons, positrora,
wezons, @ -particles and Y -reys. VWhen any of the above particles (s pass-
ive through a luminescent organic or non-organic sudbstance, it will excite
& great number of their radiance centere whose emanation will produce a flach
of luminescence called the "ecintillation."” For exasple, a single ® -particle
can excite ~- 10° centers of radiance. The luminescent substances with ‘he
above characteristics, are called the "scintillators.” The scintillation
can be detected and measured by using a scintillation counter which cons sts
of a scintillator and a photo-amplifier recording the individual light {a-
pulees. .

Similarly to the Roentgenoluminescence, &8 radioluminescence is deing
excited My secondary electrons which formed dw- to particles hitting a
scintillator,

The scintillators can consist of some crystalophosphori, organic sono-
crystals, solutions of orgemic substanceas, or of special types of plastic.

The wost widespread noms-orgenic scintillators are the zinc-eulfide
cryrtalopbosphori activated by oither copper (N'Cu.l.n = 520 up ) or

silver (ZnS-Ag, A -z ” kSO sp ), When the exsitation is by & -rays or

other highly iomising particles, the onergy output of their rediamce can go
up to 25%. BHowever, due to their high dissipation, such pulverized scintil-
lators are not too effective for registration of 7 -rays. MNoreover, they
produce a comsiderable after-radiznce (T » i0~7 sec.), and thus hampers the
sesguring of the imdividual ecintillations.

For detection of slew neutrors, they are using a wixture of ZnS.Ag with
3203. where the neutroas are deing trapped by the horon, and @ -particlea

are deing separated which will excite the radiance of ZnS-Ag. Vhen meter-
ing the flow of fast neutroas, good results are being odbtained by using -
@ixture of Za8 and polystyreme. For registering the y -rays, one can use
the trensparent alkali-haloid sono-crystals (Nal, KI, LiI, Cel) activated
by Tl. Most of these crystals are hygroscopici to protect thea from moisture
they sbould be covered with a film of light oil. The ¥ -scinti{llators can
also coasist of KI°Tl powder aixed vith & -dromonaphthalenes, or crystals
of calciua tungetate (Ca¥w0,) and cadmiua tungstate (CA¥O,). Momocrystals

Nal.T1 are deing used for registration of protons and deutroms. Table 30
shove the charecteristics of some non-organic scintillators.

Dosimetric metering of 7 -emission car be carried out also by odserving
the thermoluminescence brightness ( 96) of some of the crystals (for srazple,
LiF); 1in identical condii!"me of experimenting, the thermolvminescence {3
oroperticnsal to the aumber of ¥ -rays absorbed. The above sethed 1# deing
used for medical purposes, in determining the intensity of the iatermal
smanation {in cancer-sick peeple treated vith redicactive {sotopes. Smmli,
weter-insolable crystals of LiF wvere swallowed by the patient, and them re-
trieved after two days. 7The irnteasity of their therwoluminescemnce was '»!ng
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compared with that of the crystal wvhich has been previously exposed to a
predoterwined dose uf X-rays; by comparison, one ca. determine the dose,
in Roentgens, to vhich the patient has deer exposed.

Tadle 3%

@ Ocnesinie XAPANTEPHCTREN NEKOTOPMEX NEOPraNHYECANX CRUNTRAZATOPOS

@ S, m;mum. - Sxon, & ,:“ Bpeus Syaus,
- ®» @ ®

Nel-T) 410 8 2,5-10°7
KI-TI 410 2 >10"¢
Lil-m cxxe-senemuill -{8) 1 >lO‘:
4rn Gemat - 6 >107
CsF cuanf, vorpsduo-! 0.3 5.107
CaWO, Q0 > 5 . ~0,5.107¢
CdwO, : 830 ~10 4 ~0,5-107¢

1- Bagic characteristics of some non-organic acintillatore
2~ Mosphorus

3= Average weve-length of the emission spectrua, in apm

b~ Output of erorgy, in %

5~ Tizo of fading 2ut, in sec.

6- 3lue-green

7= White

8- Blue, ultre-violet

Aslo, known is the method of dosimetering the ) -emanation, bused on
the utiliza{i-= of exploding phosphori SrS-Eu-Se which, vhen subjected to
the infra-red radia 1, ¥ill produr~e & bright 7lash of —adiance. In this
case, the phosphor.: snould be preliminarilvy excited by the inve.tigeted
flux ¢f 7 -rays, and then exposs! to infra-rad vays. The brightneass of
the thus crected flash will permit evalusting the dose of the 7’ -rediation.

The avove method allovs measuring che inteneity of the § -radiation
in a very wide range. From 0.005 up to 1,000 roentgens. A similar tech-
nigue can bs =pplied to metering tha int.naity of the p-radiation, as weil
28 the flow of the clow neutrons.

When registcring the elementary partic. and 9 -rays, one can use
the sonoorystals of anciiracene, stiliene, terphanyl, tolane, naphthalene
and sowe other organic sudbatances. The above cryatals provide a wide re-
sol capability in time, s& the dur2iion of their sc'-tillation is
~1 sec. Their shcricoming consists of a lack of proportion betwsen the
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radiance intezsity and the energy of hitting particles. Table LC shows the
characteristics of some of the orgnnic scintillators.

Table &0
- Ocnmosune upuuplu"ln ulﬂo.pux OPraNNsEeCENX {UMNTRAASTOPOS
Cpeanan ZAusa lmmu chn 2aTy-
Bewcerse Crpyarypmn gopuyss AyecEus: v | euom %, | asems eve
@ ® P @® ®
/3. AKTpauen m w | 4 ~3.10~¢
2 _ . _ n
. . I
@cm' ' Q“W<: ./ N Y ; ~7.10-?
| \ 415 >2 ~10~0
C s D ., ,
' : : ~7-10-*
13 Toaan < 39 >2
¢ e
1) Hagramm f):\) 35 o ~7.10-

l;

l- Main cheracteristiocs of some of the organic acintillators
2~ Rame of substance

3- S8t™uctural formula

4- ...erage wav.-length of the emission spectrum, mp
S5~ Output of energy, in %

6~ Time of fading out, in sec.

7- Anthracene

8- Stilbene

9- Terphenyl

10- Tolane
11- Nephthaleane

The part of scintillatoras can be played also by the solutions of some
organic subatances (paraterphemyl, 2.5 - dipheayloxazole, phenyl -& - napthy-
lamine, etc.) with a concentration of ~5 greas/liter. Xylene, phenycrclo-
hexane, toluens, bensene and sose other organic substances can serve &:
solvents. Sometimes, into such a solution they are adding a ssal)l amount
of a second organic substance whose spectrum of luminescence ie shifted
toward the long waves, as against the spectrum of the main sudbstance. These
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sduixtures are called the “spectrum displacers.” In the above systeam, a
re.lonance transfer of the excitation energy proceeds froz the solvent,
through the dissolved substance, to the admixture whose radiance will be
registered. In this vay, one can shift the spectrum of scintillation inte
the sone of a maxisum sensitivity of the photo-eamplifier used for the regis-
tration.

Yor regiatration of nuclear rediations, they use also plastic scintilla-
tors into which they bhave introduced some luminescent organic substance
(paraterphenyl, 2.5 - diphenyloxszole, and many others). In the plastic
scintillators, the part of spectrum displacers is being played usually by
the quaterphenyl, tetraphenybutadiene, and other sudstances. In their
characteristics, the plastic scintillators resemble other organic scintilla-
tors.

115. The Luminescer-:e Analysis of Detection as Applied in Biology and
Medicine

As mentioned above, the chemical analysis of luminescence is being
widely used for determination of vitamins, hormones, pigments and o‘her ‘m-
portant biological substances. Equally wvidespread in both biology and medi-
cine, are the methods of the luminescence analysis of detection.

Luminescent Microscopy. At present, of particular importance are
the lnlInelcent-uicroacopic investigations concerning either the natural
radiance of analyzed object or the radiance of o sample which has been pre-
liminarily colored with dyes called the "fluorochromes." The lattor can be:

the xanthene, thiazine, quinoline and acridine dyestuffs, some lusinescent
pigments (chlorophyll, porphyrin), and a number of organic compounds.

The natural rediance is being utilized for the luminescent-microscopic
research on vitamins A, BZ' 36' scae derivatives of vitamin Bl’ nicotine

acid and a nuabsr of other compounds. Here, one can follow the precipita-
tion ¢f theae substances in various organs or in individual cells, and also
one can observe their transformations during the activ» life of thz organiam.

The use )f the fluorochroming method considerably widened the possi-
bilities of the luminescent microscopy. Now, concrete images can be ob-
tained, and even the smillest detsils of the investigeated object can be
investigated regardless of ite natural luminescent properties. Of particu-
l1sr importance is the circumstance that some dyes, while being adnorbed by
tissues, cells and thei~ various parts in a different manner, when subjected
to exciting beass, will produce a very contrasting, multi-colored picture,

For inatance, after a cell has been colored with aurophosphine, the
protoplasa will produce a dark-green radiance, the nuclei-light zreen, the
chondriosomes - orange, and the fatty matter - blue.

Or the other band, after having been fluorochromed with acridiue,

orange dye, the dead cells will produce a bright-red lumincucence, the live
ones - & bright green. Thus, they can be easily discerned from each other.
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A similar method is being used in diagnostics on cancer. In this case, the
readiance of fluorochrome allows a faultless distinguishing of the healthy
cells from those affected by cancer.

The Method of Fluorochroe the Live Organisms. Considering the
oxtrmﬁ &; sensitivity of the luminescent met for the purpose of
colorug they I{g using highly diluted solutions of the fluorochromes

C~10~2 - 5.10"° moles/liter) which can only slightly affect chemically
the invntigltod object notadbly the organisa cells. Thus, by either the
intravenous or subcutaneous injection one can fluorochrome the individual
orgens of human beings and adnimals while they are alive, an achievesent
vhich is extremely important for the biologicul research. By using the
above method, one can atudy the structure of ceils, and follow their changes
during various functional conditions of the organiem. For instance, by
fluorochroming the live cells with the acridine oreage dye (C~1:1.10”) one
can obesrve the conditions of cells of the brain cortex of various creatures,
thus detecting the finest structural elements of the brein tissue.

A technique has deen worked out for making micro-sotisa pictures of
the fluorochromed, simplost living organisms. These pictures turn out to
be esseniiai wvhen studying the diological influence on orgeanisms of the
ionising emanation.

By seans of the fiuworochroming one can follow the relocation and
tregsformation of various substances in memders, tissues and cells of a
living organiem., Vhea carrying out a research on a living body of animals,
the fluorochrome is either applied to the bare surface of the member, or in-
jected. The bdlood stream carries the fluorochrome over the catire body,
and vhea illuminated with ultra-violet rays, the substance will luminesce
brightly coloring spots of the skin and mucuous mesbreane. The fluoro-
chroming aethod is also being used in the research on circulation of blood
and otker liguids in the dody.

The Luminescence Method of Diegnosing Various Diseases. For the
purpose o< diagrostics, one ctn, by using the fluoroz ng, detect various
bacteria., UTor instance, by using the auramine dyes or the acridine yellow,
one can detect the dbacillus of tuberculosis; the coryphosphine peruits
wvatching the bacillus of diphtheria; berberine sulfate- the bacteria of lep-
rosy; rivanol successfully reveals the plasmodia of salaria and eome spiro-
csteta, Minute numbers of bacteria can bLe detected by means of the pseu-
doisocyaninchloride which, though not producing » natural luminescence when
in solutions, becomes adsorbed on the bacteria surface. After having been
troated with fluorochromeo, the luminescence of related bacteria may turn
out to be similsr. In order to distinguish one from another, they use the
extinguishsrs of luminescence; in thie way, one can either weaken or fully
extinguish the radiance of ome type of bacteria, while the other goes on
producing an unchanged luminescence.

The luminescence analysis can be used for determination of existence
of the camcerogenons swdatances, and thus to take the suitadle steps in
order to protect the human life. For the purpose of diagncetics, the
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patients receive intravenously the fluorescein. In a healthy msan, the
latter starts separating in 50 - 70 hours. Vhen & mtlignaat swelling is
existing, this time will increase to 2,000 hours. There are also known
methods which allov to diagnose the cancerous swellings directly on the
operation table. Here, they either watch the natural luminescence of the
affected organs, or fluorochrose thes wvith a fluoroscein dye. By their
specific rediance, one can emtablish the outlines of swelling spread and
thus determine the locatiou of the metastasis., This method requires a highly
intensive ultra-violet light for the excitation purpose; it can de obtained
from a special floodlight equipped with lamp, type SVDSh-250, and acraened
vith the UFS-k fiiter. By this method one can determine a hard-to-be-de-
tected cancer of plewrs, and also diastinguish various types of skin cancer,

The luminescence methods represent a great aid to the surgeon aleo in
other types of operation. TFor example, vhen operating on the brain tumor,
by using the fluoreecein one can distinguish the normal tissues from those
tumorous, and also establish if they are malignant or benign. During trans-
plantation of skin, a fluorescein solution should be introduced into the
patient's dblood; in this way, one can determine the extent to vhich the
transplantsd tissue has taken roct, and if a norsal bdblood circulation i{s
being maintained therein.

The luminescent anslysis of detection is widely used for controlling
the quality of variows drugs, and for resesrch on their usefulness. It is
also used in derwatology. VWhem subjecting the affected skin areas to ultra-
violet rays, one can immediately establish the type of disease and the out-
lines of its epread. FYor instance, by fluorochroming with an acridine orenge
dye, one oan reliadbly distinguish different types of the skin cancer and
saroome. Equally important are the luminescence methods for the pathological
anatomy and in the criminology.

116, The Luminescence Analysis of Detection as Applied in Industry
Detection of Defects by Luminescence

In various branches of industry, the methods of the defect detection
by luminescence became wideapread; they permit detecting the minutes:
cracks and defects on the surface cof industrial products. The superiority
of the luminescence methcd over the others consists of its versatility;
the luminescence methods can be applied to parts made of any material, or
of any shape and size, regardless of the type and quality of the surface
sachining.

There exiet several aethods of defect detection by luminescence. The
most widespread of them consists of the following procedures. The part to
be investigated should be first washed in benzine in order to remecve any
grease from its surface. Any slag should be removed by sanding. After
the part nas been Aried, its surface should be covered by a luminescent
aixture (for example, a solution consisting of kerosene, bensine, t :ns-
forwmer oil and a dye of gree-golden defectole) which within a short time
(~10-15 min.) will penetrate into all pores and defects of the aurface.
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Next, the mixture should be washed avay by a ater stream for 5 - 10 sec-
onds. The part dried out by a a*reasm of hot air, ite surface sprirklel vith
a dessicated, thoroughly ground silica gel (3132) which will absord the

solution which got into ths craecke, and bind wvith the surface tightly. Then
the silica gel should be removed by shaking the part, and dblowving; it vill
stay only inside the cracke where it resains moist. When the object is

then illuminated wvith ultre-viclet rays, the luminescing zones around the
cracks will be distinctly visidble on the dark background.

The above technique allows detecting cracks up to lu . deep. The ob-
servation is quite 2asy as the luminescing atrip is usually adout 10 times
wider than the crack itself, It hss been ascertained by Karyakin, that the
silica gel will not start rediating immediately but after a certain delay
called the "detection pericd.” The detection period depends on the depth
"A" of the crack, and varies from 30 seconds (deep oracks) up to 30 minutes
(smmll oracks, ~ 1 4 deep). By measuring the time "t" until the luminescent
strip wvill become visible, and the strip width 1, from the curves (figure
212, a and b) ome can quite accurately determine the depth h and he nature
of the crack on the surface of the investigated part.

2 - ) hl

f

’

s
Lo
¥
L

0 \J
\Ig_d
Jﬂ' ¥ Jﬂﬁ'p 02 3 % /o”u

a. !

Figure 212. a- VWidth 1 of the fluorescirg strip as a functica of the
crack depth h;

b- Detecticn period t as a function of the crack depth h.
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Figuse 213. Pcture of detail vith oracks invieible to husea oye detected
by lumineocence.
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Figure 213 shows a part on whose surface, .y reans of lumineacence, werec de- ,
‘ected cracks invisible to a human eye, )

In a ssilias’ way, one can detect through cracka in pipes and other
tubular surfaces. For this purpose, their inner surface should be coverrd
with a luminescent composition. After having subjected their outer sur-
face to ultra-violet rays, on the dark background of the detail, all the J
through cracks and dofects will be distinctly visibile.

Another method of detection is appliczbla cnly to products made of
material with magnetic propertieca (steel, cast iron). This method is
modification of that,of the defect detection where pulverized magnet is
being used. %he part to be investigated should be covered with s magnelic
suspension consisting of crocus and a luminescent mineral oil. A sagnetic
field should be induced in the part., After the clectric current has been
cut, the most intensive resiZual magnetic fields will form on the surface
defects. As a result, the luminescent magnetic suspension will settle
along the crack edgee, and will become visible when illuminated with ultra-
violet rays.

Detection of defescte by luminescence plays an important role in the
radio-ssnufacturing industry wvhen msass controlling the vacuus devices for
leakage. For this purpose, they are using substances (for example, lumogen
orange-red II in trichloroethylene) with an intensive red or orange-red
luminescence whose color will excluds the chance of false alars considering
that the glass itself, or its chance ingredients, produce a more short-wave
radiance. A degretsed and cleansed specimen should be irmersed into a lumi-
nescent solution vhich due to capillary forces will, through the leaks,
penetrate into the device. Next, the solution should be washed away from
the device surface with pure trichloroethylene, and the device illuminated
with ultra-violet rays, The radiance of the luminofore which remained on
the inner surface of the device will indicate the leaking place. By hold-
ing the specimen in the solution for longer time, we can detect also the
smeller leaks (Table 41).

Table 41

Magnitude of the detected leak as a function of the hciding time of
specimen in solution

Rolding time Minimum size of the Aatected leakage (in =m. of
mercury coluan. cm’/ssc,)
Minutes ~107°
Hours ~107" - 107
-6 )
Severs]l days ~10 © - 10"




When investigating the products made ¢ zliav, cerucic.i, 2 noi-te,

etc., they are making use of the difference «f Tiquid sd-orptinn ¥+ - ~=cotl
porous surface and that with cracks. The par’icies suspsnded in the <2 u-
tion, into which the product is being immers:A, are usuvally nuch Higrer than
the saterial's pores. Vhen the material areorbs the liquid, the liminescent
particies will concentrate in the crack eni settle along its edgen. Their
radiance wili reveal the defects in the product surface., Ti.e above 2ethed
is being widely usnd as a quality cont:ol of the high-voltage insulators,

There are known also other vaviations cof the defect uetection h
luminescence. zZach of them leads to a drastic reduction of faults, and
raises the quality of the manu’actured products. This kind of defect de-
tection is particularly important for the sanufacture of cteaa turbines,
aviation and reactive moto~s, where even an insignificant crack or defect
on the surface can cause a serious break-down when in operation., In work-
shops, special luminea.ence defect detectors do the job.

Cther 11?eu of Lurinescence Anelysis of Detection

The luminescence analysis has found various apnlications in the indus-
try. The luminescence analysis of detection is being widely used in the
sanufacturing of optical-mechanical apparatus where it is for marking
various types of processed glass.

The radinnce of glass is bdeing excited by short-wave ultrs-violet rays
(~300 - 250 mpe) generated by electric spark. The objective of observa-
tion is the momentary radiance of the glass (T ~ 10-5 sec.), as well as 1i:s
phosphorescence (7" ~10-2 sec.) separated by a phcsphoroscope. The radisrce
of the ipvestigated specimens is then comparecd with that of a set of zcand-
ards. Jn this way, one can fast distinguish over 40 types of the opticai glass.

With certain modifications, the above cethod can be applied to analysis
on the comprsition of emery where the conterts of corundum is being detsr-
minad by counting under a microrcope its bright luminescing grains easi'y
discernible from those of the other components.

The luminescence analysis of{ detection i5 being used aiso in the
rubbar industry. The production of rubber ob‘ects consists of preparation
cf & rubber aixture, and its subsequent vul:a-izaticn, Lh: rubber mixtire
conaists of caoutchouc &nd different chemicnls which imnart to the rubber
product the porosity, elasticity, flexibili.y, wuter-reaistance, acid-
rcsistance, etc. During the vulcanization, —~e ruober mixtur~ 18 yei:
heated together with the vulcanising substanc~s (for instance, the c1'f -,
One can add to the aixture also the vulcaniration accelerants, and also
some substance which will protect the rubber frow an early deterioration.
All the components should enter the mixture in a rigidly maintained propor-
tion if the required properties of the finished product ar-e to be as ex-
pected.
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Most of the rubber components can produze luminescence, and this
feature is “eing used for control of the entire process and !ts individual
etages, and also the check-up on the finished products. For exaampl~, by
the color of their respective radiance, the rubdber mixtures can be sortel,
the existence or lack of a sufficient amount of the wvulcanization acceler-
ants determined, a natural or artificial deterioration of rubber-corntrolled,
etc.

In the textile industry, the.luminescence analyeis is being used for
controlling the quality of colored designs printed om fadbrics. Brigntly
luminescent dyes (fluorescein and betanaphthol) are being ‘ntroduced into
‘he coloring mixtures, and the fabrics are being looked over in 1l'ra-
7violet rays directly while being printed. In this way, o.c zan continu-
ously control the quality of the obtained design. and conasiderably reducse
the nuzber of rejects. By using the luminescence, one ce&n control the dyes,
detect greasy spote on fabrics, etc.

The iuminescence aralysis of detection is also used in tie rulp and
paper industry. The intensity end color o/ the radiance indicates ‘he -~ .-
tent of decay in the technical cellulose, allovs distinguishing the blecache+
pulp fros the unbleached one, young timber from the old one, etc., Moreo/er,
one can detersine the moisture - and oil-resistance of the paper by watc—-
ing under an ultra-violet ‘light how it absorbs the luminescing, water-
diluted solutions, sineral oils or fats colored with luminescent pigments,

The luminescencs analyeis of detection is being used also in other
branches of industry. For example, in the cnemical induetry it controls
the quality of liquid oxygen and detects lubricating oils which got i‘nto
it from coopressors during the air-liquefying process; likewise, the lur.~
nescence analysis of detection controls the allowable contents of oil vro-
ducts in water in steam bdoiiers, 2 factor whicn affects the'r corre = 0! - n-
tion. By ohserving the rediance on the edges of the insulating home ritter,
from the aspeed and jpenetration depth of the oil or crude oii, orc ccn aval.-
ate its resistance to both. The luminescence anslysis of detect.,on (s al.o
very helpful in the diasond mining industry where a characteristic radiance
excited with X-rays, allows an easy separation of diasonds from other min-
erals and rocks.

i17. The Luminescence Analysis of Detection as Applied in Agriculture and
Foodstuff Industry

The Luminescence Analysis of Food Products. The luminescence analvs:is
of detec.:on is heing used for sorting food produ:ts, seeds, vagmtabics,
etc,

By the color of their luminescence cn> _an Aetect wuo= th- food ;r.
ducts start retting long before it becomes .imidle under lic crdir~r - 11:%t.
Such preliminsry sorting allows a rrotracted stor-ge of rroducts, a: . .u
also useful ia the smnufacture of canned food. The methods appliey @ --o
are siryle and easy. The product to Le anaiyzed is simply illuminaied w.:>
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either ultra-violet or short-wave visible rays. In southern paris of ::~
country, the sun rays are used for exciting the radiance. In tnat csue,
the products should be placed in the sun luminoscopes (sec 105). Ia

this wvay, nne can detect the rarly stage of ro.ting in cucuabers, beans,
cabbage, potatoes, oranges, mandarins, and other vegetables and fruits.
Moreover, healthy vegetables can be distinguished from those affected bty
fungus, mold, eurygaster or frost. For instance, fresh mandarins produce a
dark orange luminescence; those affected by mold invisible to the human ryve
will luminesce in the affected spots with a blue light.

Also the quality of other food products can be controlled by means of
their luminescence. Yor exmmple, the flour grade can be established by the
color of its radiance. The more bdran it contains, the more intensive {ts
radiance which will turn froa light blue into dark blue. Ergot can be eanily
detected in the flour by its yellow-orange luminescence. By using the ul:ira-
violet rays, one can also control ailk, eggs, egg powvder, fish, etc.

Determining the Germinating Pover of Seeds. Using the luminescenc~
anslysis, one can by eliminaiion, establish the seed germinating power of
various agricultural crops as wvell as species of tree. It turned out that
the rediance color of seeds of oats, vheat, darley, corn, flax, fir, pine,
cedar, etc., depends, to a great extent on their germinating pover. For a
better contrast, the cross-sections of the gerss can be colored by various
fluorochromes. For example, the barley germ is deing colored with a 1%
soda solution of the rhodamine 6ZhDN dye. The germinating seeds of berley
produce a bright yellov rediance, the germs of wheat-yellow. In either
cage, the s:eds incapadle of germinating produce a dull-brown lusinescence.

Another technique is based on the use of fluorochromes - indicators
wvhich change their rediance when changing the sagnitude of their pH; this
change occurs always in the germs of different germinating power, For {n-
stance, the gerus of barley and wvheat should be colored vith a wvater-alcohol
solution of dimethylnaphthorhodine (C = 1.10~> gram/milliliter). After the
above treatmant, under an ultra-violet light, the germinating seeds wi.l pro-
duce a bright, light-yellow radiance, the non-germinating ones - a dull,
pinc<-orsnge luminescence. Similar methods permit deteraining the gerwira-
tion of se~ds of the corn, flax and oats.

Particularly i{mportant is the luminescence analysis in the control
cr the tuders of potato which, after they have been stored for certain
¢ '"icda, are bing used for planting. Here, one can determine various cin-1rees
of ‘rs po‘ato, a8 well as detect the frozem tudbers; the frost-bitte~ ajor-
produce a wvhitish-blue radiince easily discernibdle on the backgrow.d of *:
yellov or gray-browvan luminescence of a healthy tuber,

118. Detection of the Kidden Currents

Investigating the Water Current. An extremely high sensitivity .f
the luminescence methods facilitates the detection of a subterranea: link
between rivers and water reservoirs. For this purpose, some tens of liters
of coacentrated solution of any brightly lumineacing dye (for instance, th-
fluorescein) should be dropped into one of th¢ water reservoirs; at certain
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intervals; from ancther reservoir, samples of water are being taken for
analysis. Provided the two reservoirs are interconnected, the smmples wil)
reveal the presence of the luminescent dys. The &bove method has been used
to prove a 1ink .ctween the two biggest European water systsms: that of the
rivers Rhine and Danudbe. The coloring of the water with luminescent dyes,
10 aleo used in { ‘¢ research on wvater currents in the existing models of
hydrotechnical installations.

Investigating the Air Currents. The luminescent substances are being
used for investigating the characteristics of air currents existing along
the wind tunnels. For exazmple, vhen studying the distribution of pressures
in a wind tunnel, at pressures ~ 50-20p« of mercury column, observation is
being carried out on the after-rediance of gmses (air, argon or helium) which
have bean preliminarily excited with a high-frequency diacharge. When the
gas travels from the disobarge into the wind tunnel, the distridbution of its
density becomes ciearly discernible in the supersonic shock wave.

Investigating the Trensfer of Saistances in Biglogical Objects and in
Plants. Similar me 8 are being used in the biological research and ia
the study on physinlogy of planta. In the former case, solutions of haram-
less dyen (fluorescein) are introduced into the blood stream of an anisal
or husan beiang, and then one can watch hov a substance is traveling - in
the organisu. In the ultra-violet light, right through the skin, ome can
#9¢ tle spread of the fluorescein. After the flucrescein has been injected
intravenously, and afier & certain time necessary for dlood circulation,
individeel orgaza (eyelida, lips, tomgus) will adopt A greenish-ysllow
color. Thus, ome cun deterwine the blood circalation tige of 2ealthy pecple
and those with hsart condition, In diseasss a’feniing the peripheric vas-
cular systen, ne radiamnce appesrs in ths places wita i&e weikened blood cir-~
culation. This feature is being used in diagnostics cancerning en upset
bloed circwlation.

Simiiar techniques sre being applied for investigeting tho trensfer
of swbetamces in living plants. The dye usmed for celoxring should produce
a lumisescence drexgtically diffsrent than that of the plant tissues. Usu-
ally, they take sitber fluorescein or eaculin which produce an intensive
green or dlue radiance, respectively, The dyes &re¢ bLeing introduced into
the plant in fors of a water or gelatino sclution. In an ultre-violet
light, one can aee tha speed and the direction of the spreading solution.

The Method of Mmrked 3anda., The national economy is suflering a
great hara from slementsal relocations of huge sasses of sand both on the
land and under wafer. This disaster can drift over various land installa-
tions, wvashes away and kmocks down the coast, forxs shoals and sandpanks
on navigational routes, etc. In order to fight the above disaster, and
also wvhen bdullding dams, harbors, hydropover stations, etc., it is ne:ssscry
to anticipate the relccation of sand mmasses for a long period ahead.

These forcvcasts can be composed Ly using the method of marked sanda,
worked >ut by Matveev. The grains of naturel sand ahould he coated with a
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thin layer of transparen: material comtaining & brightly luainescert sub-
stance., Froa severdl kilograms up to soversl tons of the marked sand are
introduced into %‘he sand asss. After a certain time has passed, at various
distances from the place the marked sand has been dumped, samples of soil
should be taken and exposed to An ultra-violet light. In this way, marked
eand greins caa be detected im the soil, even if they are strongly diluted
as, for instance, ~ 11107 . By counting the number of the luminescing
grains, we cam deterwine the relctive amount of the marked sand in the
sample. Thus, se¢ ocan determine the direction, width of the fromnt, the zone
of the maxiwmm intensity, spesd and distance covered by the reloaocated
natural sand,

If the sadple containg & high percentage of the marked sand, it will
decome hard :o count the luminescing grains., Here, the analysis should be
carried out in a different wvay, The sand should de celored with fluore-
scein, 2.2' - hydroxiphenyl bemsaxazole or other luminescent substance which
through non-water soluble, will form brightly luminescent liquids in the
alkeline water solutions. Emch samples of soil should be washed with water
eo that all soludble ingredients are removed, and then treated with 1%
solution of cawstic sodn., The s0il will then de filtered and agsin wasrhed
in water; next, the radisnce inteasity of the filtrate ashould bde compared
vith that of the standard solutions containiag a known concentration of
the same lwtinesceat swbetazaces. By ueing the above method, one can de
tect the marked ssad when diluted in the semple in proportion of ~1:10",

112, Laminescence Ansklysis of Detecticn as Applied to Paleontology, Arche-
ology aud Criminelogy

The lwminesce anslywis of detection is very helpful in the paleonto-
logical, areheclogical and oriminological research. Being highly sensitive,
simpie, and fust, it becams irreplecesble in such investigations. Another
importaat feature is that im the process of analyeis, the inveastigmted cb-
Ject 18 not audbjected to aay destruction or modification, and resains in
1te original forn after the analyeis has been terminated.

The Luminesceace A 3 of Detection in Paleontology. Here, the
luminesednce mﬁu is u% for investigation on imprints of ancient
animals and plants in the sedimentary rock. In daylight, these imprints
seen to be washed out. When illumiratad with ultre-violet light, the im-

prints star{ luminescing, and thus one can aee the structurel details of
the prehistoric andmmls and plants.

Ihe luminescénce Analysis of Detection in Archeology. In archeologi-
cal investiga:ions, the luminescence allows the determination of worn-out,
faded or eroded spots in ancient manuscrinta and doocusents. Usually, it
is sufficicat to {1 'uminate the affected areas vith unltre-violet rays.
Bovever, if the letters have deam written in ink containizg sniline dyes
(methylene violet, methylene dlue), the above methcd does not produce a
satisfactory result. Them, the infre-red luminescence of the docusent
shouli be excited by the visi le reys of a powverful imcandesacent lamp, aud
a picture of the decumeni takem.
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In this wxy, one can restore the text which became invisible in ordin-
ary conditions due to fading of the dye contained in the ink. The eabove
method will also reveal the faded areas of a *ypewritten text. By using
the luminescence, cne can also detect the early stages of the paper being
affected with fungus. Luminescence is being applied in laboratories for pro-
tecting or reetorin:; various documents,

The Luminescenc) Analysis of Detection in Criminology. Particularly
important 1s the lumivescence analysis for criminology, forensic chemistry
and foremaic wedicine. It is being widely used in the court practice wheare
it unmistakenly detects various forgeries, erasures and other treces of
foul play. These methods are based on illuminction of the objects with
ultra-violet rays, and watching their radiance. As a rule, each substance
produces its own characteristic luninescence. For example, it is almost
impossible to find two types of paper which would produce a similar redi-
ance. In this way, one can establish the authenticity of valvable docu-
ments, notes, shares, etc. The minutest tampering becomes visible to a
naked eye. Particularly distinct, are tl.) msarks on & water-lined paper.
Figure 214 serves as an 111ultrttion. Tue forgery of the date is clearly
visidble in the picture.

In a similar way, one can detect also other typen of forgery. As ve
knov, the surfice of marble, bone, glass and other matsrials, after it has
been exposed toc air for a long time, starts producing u characteristic
luminescence whichk only. slightly resembles the radiancn of recently manu-
factured objecta. In thie way, one separates thz suthentic art objects
from forgeries of a more recent origin. Similarly, oue can detect the
traces of taspering with old paintings, invisible in a daylight but easily
recognizable in the ultre-violet rays. Thus, one can verify the original
signature of the paiater, and aleso study the history of the peinting by
observing the radiance of paints applied after the work has been finished.

The luminescence analysis can reveal the text of & letter written with
the ink iavisible under ordimary conditions. Figure 214 b, shows a picture
of such a letter whose text is clearly vieible under the ultra-violet light
(vhite letters on a dmrk background). One can also restore sanuscripts
over which ink bas been spilled. Here, the text should be covered with a
special lumizescent compound, and then illusinated with an ultra-violet
light-ds~% letters of tbe overspilled area will apposr on a brightly
luminescent background.

By using lusinescence, one can detect varicus spots on fabric, cloth-
irg and other objects. In this way one can detect spots of blood, saliva,
perspiration, urine, grease, etc. The grease on fingers produce very clear
luminescent fingerprints. The luminesce analysis can detect traces of the
guo oil around the bullet hole, compare different fabric threads, and per-
form many other investigations associated with criminology.

~101-




