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I. INTRODUCTION

The increasing awareness of the close inter-relation-
ships between biological activity and chemical reactions has
resulted in a rapidly growing pursuit of biochemical know=-
ledges Research in the related fields of medicine,
virology, pharmacy, and bio-physics is expanding at a rapid
rate, Problems related to food production for an exploding
population, space explorations, world health issues, the
utilization of the resources of the oceans, and the proper
employment of énergy sources have spurred man to delve
deeper into the secrets of creation. The mysteries of life
itself are slowly being revealed through findings in genetic
studies,

With this ever expanding biochemical and related
research comes the concomitant requirement for new and
better analytical techniques. Already quantitative deter-
minations are on the nanogram level, Many procedures are
semi- or fully automated.

In this framework of recent advances, the desire to
develop an analytical pfocedure useful to mankind was kin-
dleds In particular, the importance of iodine in certain
essential biological systems and biochemical mechanisms led
to the problem of this research., The purpose of this study
was to determine the possibilities of utilizing fluorescein

as an "indicator" in the quantitative determination of




. sub-micro amoﬁnts of iodine By an existing colorimetric
technique. Furthermore, the application of this procedure
to the determination of micro-amounts of simple carbo-
; hydrafes, as glucose, was considered a very real possi-
bility. v

The executidn of the above stated goals centered
around the three chemical reactions: the iodination of
fluorescein, production of iodine by the action of iodide
with periodate, and the periodate oxidation of glucose,
The remainder of this thesis, then, will deal with histor-
ical and theoretical aspects taken from the literature;
the experimental findings; a discussion of the f@pdings
and theory; and conclusions in relation to the above stated

chemical reactions and their adaptation to an analytical

procedure,




II. LITERATURE RESEARCH

Fluorescein

Fluorescein, along with phenolphthalein, is probably
the most studied of the phthalein dyes, Fluorescein is pre-
pared by reacting phthalic anhydride with resorcinol., 1Its
properties depend on the molecular forms it can assume, The
lactone form is colorless but is not cormon, Most research-=
ers find the quinoid form more probable because of its
orange-red color (1,2). Also, absorption spectral analysis
shows that fluorescein, in solution is in the quinoid
form (2),

In the quinoid form, fluoreséein reacts with one mole
of base to form a red salt with absorption spectra similar
to fluorescein in neutral solution, With two moles of base,
a deep orange compound, uranin, is produced (3).

The absorption peaks of fluorescein are reported to
lie at 278, 437, L55-457, 485, and 490-491 mu. depending on
concentration and pH (4,5,6). Glowacki states that the
absorption maxima for an aqueous solution (U x 10-6 g./cc.)
are ;835 and 1560 A. (7).

More detailed studies of the various forms present in
solution have shown evidences for a univalent and bivalent
anion in addition to the neutral molecular form (l,5,8).

The quinoid, dianion form is shown in Figure 1., The pH's at

which the various‘fdrms are reported to exist are dianion,




FLUORESCEIN, ERYTHROSIN, AND
DIIODO-FLUORESCEIN STRUCTURE

& X Compound  _X
Fluorescein H
Erythrosin I
=C0O0~
' Diiodo~-
fluoresein H
FIGURE 1




10.3; monoanion, 5.4; and neutral, 3.2 (9)s The PK's are
found to be at 6.7, M.h,land 2424

In organic solvents, dyes related to fluorescein
obey Beer's law as though they were molecularily dispersed.
However, Beer's law is not followed in aqueous solutions,
evidently because of molecular aggregation and solute
molecular interaction (10). This anomaly in water is not
too great, probably because of the unlikelihood of the
attached phenyl groups (with COOH) being in the same res-
onance plane of the main resonance system., Solutions of the
sodium salt of erythrosin (tetra-iodo-fluorescein) do follow
Beer's law if the pH is sufficiently high (11). It is also
reported that the maximum absorbances in the visible decrease

as the polarity of the solvent decreases (l.).

Halogenation of Fluorescein

Quite a number of colored halogenated fluoresceins
are known. Some of the halides are colorless and it is
assumed that for these the lactone form is favored (12).
Pratt and Coleman report that tetra-iodo-fluorescein

(iodines on phenyl ring) exists only in the lactone

form (13).

Halogenation of fluorescein has an effect upon its
properties, As more halogen is substituted into the flu-

orescein molecule, the visible and ultraviolet absorption

maxima shift to longer wavelengths (6,12)., For instance,
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the absorbance peak for di-iodo-fluorescein is at 510 mu. (9)
and those of erythrosin are reported to be at 263, 351, 356,
52L to 528, and 548 ﬁg. depending on the pH and concentration
(6,14). (See Figure 1, page li, for structures.) Substitu-
tion of negative groups, as halides, also usually decreases
the fluorescence (15). In the case of iodination, the
greenish-yellow fluorescent coloration progressively
decreases and a pink color predominates, This decrease inc
fluorescence is the basis for an analytical procedure in

the micro-determination of iodine (15).

Iodination of the non-phenyl portion of fluorescein
proceeds rather easily, The di~ and tetra- iodo-fluores-
ceins are most cormmon. Erythrosin (2,4,5,7 tetra-iodo-
fluoresceiﬁ) is used extensively as a red food-coloring
agent and photographic sensitizer, It is prepared by treat-
ing fluorescein with iodine in an alkaline solutioh. In
an acid medium, there seems to be no reéction. ‘In a neutral
solution, a orange-red product results (15)., (The composi=-
tion of this product is discussed in Section V, page 55.)

Halogenated fluorescein dyes are reported to be
photochemically converted in the presence of mild reducing
agents (9). The two stable products resulting are the

dehalogenated form and a colorless, reduced form (leuco).

Conversion to the colorless form occurs more readily than
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dehalogenation since the latter does not occur at low pH's,
The heavier the halogen atom, the easier it is to remove.
Also, it is reported that dehalogenation of eosin (tetra-
bromd—fluorescein) does not proceed in pure watér or
ethanol, Similar studies on other halogenated forms
evidently have not been reported. T

Salt effects upon the iodination of phenolic rings
are said to be secondary (16).

The halogenation of fluorescein, yielding colored
products, is utilized in the'quantitative determination of
halogens, In 1912, Labat described a colorimetric pro-
cedure for the determination of bromine in the formation of
eosin (17)e. Already mentioned is the use of the decrease of
fluorescence upon iodination by Harlay for iodine deter-
mination (15). Associated with this fluorometric appli-
cation, Harlay describes a colorimetric procedure for the
determination of micro-amounts of iodine,

Harlay found that the formation of the colored
iodinated_flﬁorescein was proportionate to the quantity of
iodine present in the reaction medium, The pH was found to
play an essential role in the formation of the producte.

The reaction mixture ﬁas acidified slightly with acetic and

phosphoric acids, then buffered with di-sodium hydrogen
phosphate and borax to keep the pH between 6.5 and 7.5

Using visual colorimetry, quantities of iodine ranging from




30 to 150 gg./hl. were determined., In comparison, the
Tluorometric method allowed one to estiméte values from 5
to 25 ug./ml. (See page 22 for abbreviation explanations,)
In an attempt to determine the exact nature of the
iodinated fluorescein product, Harlay titrated the excess,
.unreacted iodine with sodium thiosulfate and calculated
that 3.85 atéms of iodine reacted per molecule of fluores-
cein, The solutions employed were 0,00125 M fluorescein
(purified), Oe1 N iodine, and 0.1 N sodium thiosulfate in a
reaction mixture of about 60 ml, He, then, concluded that
a di-iodide of flﬁorescein is being produced. The other two
iodines are converted to iodide ions., A further indication
that the tetra-iodide derivative was not formed is that the
color is orange-red, not red, Alsd, flﬁorometric studies
showed that a tetra-iodide derivative could only be formed

in a definitely alkaline solution.

JTodide-Periodate Reaction

The reactions between the halide ion and the anions
of the halogen oxyacids have been thoroughly studied. The
determination and separation of the various species in a
solution has been a challenge. The ease of reaction depends
largely on the oxidation potentials and pH,.

With respect to solutions of iodide, iodate, and per=-

iodate ions, workers have suceeded in determining one in the




presence of the others, The use of periodate in the struc-
tural study and analytical determination of pol&hydroxy
organic compounds has increased knowledge of iodine chem-
stry. The most important reaétions involved in periodate
studies in acid or neutral solutions are as follows:

(4) Jous:+: (7.1 +28 HY = L I, + L Hy0

(B) TO3™ # 527, T 68 = 3715+ 3 Hy0
(C) I~ + 2I + 2H" = I, + Hpy0+ I03"
(D) 0o + LI + LHY = 2I + 2H0

(It is understood that where an excess of iodide ion is pre=-
sent in aqueous solutions, the iodine will be present as
Ty} |

Reactions A and B are rapid in acidic solution., Reac-
tion B does not proceed in bicarbonate or boric acid -
bicarbonate solutions (18,19). On the other hand, reaction
C proceeds in a borax-borate buffer (18), bicarbonate solu-
tion (19), acetic acid-sodium acetate solution (20,21,22),
or phosphate buffer (22). Thus, it is possible to determine
periodate and iodate ions in each other'!s presence by a
proper adjustment of the pH. Further, reaction C is very
slow at high pH's (18,19). ‘Reaction D proceeds in acid
solutions but not in neutral solutions (18).

As expected, the reaction rates are increased with

increasing iodide ion concentration (21). Also, the reac-

tion time is decreased at higher temperatures for the
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iodide-periodate reaction in unbuffered solutions (23).
However, the yield of iodine is found to decrease at higher
temperatures (19)., Most likely, this is due %o the vapor-
ization of iodine from solution. This can be controlled by
the addition of an appropriate reducing agent.

For theAdetermination of.iodine liberated in the per-
lodate oxidation of Earbohydrates, reaction A is more favor-
able than C from the standpoint of the amount of iodine
produced per mole of periodate, Disadvantages of reaction A
include the possibilities of error due to reactions related
to reaction D and to anomalies in carbohydrate oxidations

in acidic solutions (24,25,26).

Periodate Oxidation of Glucose

The periodabe ion is a very useful and popular rea-
gent in the study of polyhydroxy organic compounds,
Malaprade, & pioneer in this field, published an article on
the oxidation of several polyaicohols by periodic acid in
1928 (26)s In 1932, Fleury and Lange showed that the peri-
odate reaction was specific for alpha=-glycols (27). |
Malapradé published a more general relationship in 1934‘as
follows:

CHZOH(CHOH)nCHZOH + (n+1) HIOu =

(n+1) HIO3 + 2 HCHO + n HCOOH + Hp0 ,

and concludes that the reaction is very simple and quantita-

tively predictable (28).
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Khouvine and Arragon showed that the reaction is
general for sugars (29).

The overall reaction for the periodate oxidation of
glucose is:

CgHip06 + 5 104~ = 5 103~ + 5 HCOOH + HCHO.

The mechanism of this reaction has received considerable
study. The effect of pH and temperature on the rate of
reaction is very marked. Reports of the time necessary for
the theoretical consumption of five moles of periodate per
mole of glucose vary from more than one week (30,31), to
several days (2ly), to one day (28), to 12 to 15 hours (32),
and, to one hour (28,33,34). Generally, an.acid solution
reacts faster than a neutral solution and increased tempera-
ture reduces the time of reaction. A‘non-Malaprade oxida-
tion of glucose above pH of 7 is reported as being complete
in 100 minutes (35). '

The raée of reaction may be studied by the uptake of
periodate or by the production of formaldehyde and formiec
acid, Both methods indicate that the reaction occurs with
at least two steps. Hough and associates report that three
moles of periodate react rapidly and the last two more
slowly (25). They have treated glucose with three moles
periodaté and obtained two moles formic acid and alpha-o-
formyl-D-glyceraldehyde. The following intermediary step

is proposed:
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CH,0H CH,OH

0 : /-o
310 o + 2 HCOOH.

CHO CHO

The work of Head substantiates this proposal (36). Warsi
and Whelan, from their findings for aldohexoses at 00 C,,
refer to a four-stage process, The first two moles of
pPeriodate react in 5 to 10 minutes, the third in 30 to 70
minutes, the fourth in over 7 hours, and the fifth after a
week (30). They conclude that glucose is oxidized by step-
wise oxidation of hemiacetal groups down the molecule. The
rates of the third and fourth steps are lowered becéuse of
the accumulation of formyl esters of glyceraldehyde and
glycolic aldehydes which lack alpha-glycol groups. Also,
evidence showed that in the intermediary stages, more
periodate was taken up than free acid formed by as much as'
142 moleé, although the overall reaction conformed to the
theoretical consumption of periodate and production of
formic acid (24,30).

For the periodate oxidation of carbohydrates, most
workers report that best results are obtained in acidie
solutions, Evidently, this is not necessarily true for glu-
cose and fructose (32). Anomalies are reported for oxida-

tions in alkaline or strong acid solutions (25). On the

other hand, the intermediate products of glucose oxidation
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are said to be more stable in alkaline than acidic solu-
tions (2l1)e The rate of oxidation of aldohexoses at a more
neutral pH is said to be faster because the linear molecule
is supposedly present (37). However, differences of opinion

occur on whether the pyranose ring (25) or linear form

(29,37) is actually present in glucose oxidations.

Preferences concerning a buffer system, when used,
also vary. Lindstedt reports that oxidations are faster in
phosphate than acetate buffers at the same pH but that over-
oxidation occurs in neutral phosphate buffers (32). This is
substantiated by Bell, Palmer, and Johns (23), On the other
hand, Fleury, Courtois, and Biedér report that results in
acidic buffers including phosphate buffers are the same (37).

The use of heat to hasten the oxidation of galactose
was described by Khouvine and Arragon as "too brutal" since
overoxidation occurred (29).. Head reports that with an
excess of periodate and in 1ight, the oxidation occurs more
rapidly and in excess (36). A solution of sodium periodate
(0,03M) decomposed 10 per cent in light in 15 days but was
stable in the dark,

Periodate oxidations of other simple sugars are quite
similar to that of glucose., With galactose, an acidic solu-

tion is not necessary (22). The fructose oxidation is more

complex in that four moles of periodate are consumed and

1.25 moles formaldehyde produced (38)., But when three moles




g
of periodate are reacted with fructose, one mole of formal-
‘dehyde and 1.5 moles formic acid are produced (25). Répor?s
of quantitative reactions for many other‘polyhydroxy cone=
pounds are reported in the literature,

The quantitative determination of the iodine produced
- 1s generally determined by the thiosulfate, Fleury and Lange,
and ceric-arsenite titration methods. (2l.)e The Fleury and
Lange e btoA onEtabs of adding arsenite and iodide solu-
tions to a bicarbonate solution of the sample and titrating
the excess éfsenite with iodine after 15 minutes., In a
modified Fleury-Lange method, the back titration is done
immediately, Hughes and Newell rebort that the thiosulfate
method measures the transformation of glucose into its prod-
ucts while the Fleury-Lange method is a close approximation
to the rate of reduction of periodate. The modified Fleury-
Lange method éives resuits intermediate to the other two
(24). More recently, the iodide catalyzed ceric-arsenite
reaction time method is used because of ité adaptability to
automatic procedures, The refinement of the above proce=

dures has resulted in common sub-microgram determinations of

sugars,




III. EXPERIMENTAL PROCEDURES

Solutions

Most of the stock solutions were prepared with deion=-

ized water, TUnless otherwise stated, reagents are of stand=-

Vo

ard analytical grades,

Te

2.

3e

o

Todine

8. 1074 M (25.2 ug./ml,); prepared with a few ml,
ethanol or sublimed., (See below for sublimation
method, ) : £

B 10'1.M,(25.2 mg./ml;); prepared with 125 mge/ml.
KI. | '

Dranih (di-sodiunm salt of fluorescein)

0,00133 M (500 ug./ml.); obtained from Eastman

Organic Chemicals, '

Potassium iodide

0.,0033 M (5 mg,/mls)

Potassium periodate -

8e 0,00123 M (282 ug./ml.); used for most iodide-
periodate studies,

be 0,00652 M (1.5 mge./ml,); used for moét studies of

periodate oxidation of glucose,

5. .Glucose

0.0069L M (1.25 mg./ml,)
Erythrosin B (di-sodium salt of érythrosin)'

6o
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0.001L M (1.25 mg./mls); obtained from Allied
Chemica1‘Corporation. ;

7e Buffers

a. Boric adid ; borate buffer
v6.66'g. HBBOH and 0,32 g. NaaBuQ7°10 H,0 dis-
solved in 200 ml, water, '

be Phosphate=borate buffer
Prepared from 0.1 M HBPOu, 5 By NaZBu07o1O H,0
dissolved in 95 ml. water, and 7.5 g NapHFO), »
7 Ho0 in 92,5 mle waters:

All glassﬁare was cleaned with detergent and rinsed
thoroughly with deionized water., All stock solutions except
KI and the buffers were kept in glass-stoppered containers.
The solutions were stable for oﬁe month, except possibly for
bacterial contamination of glucose, The iodine,g?luorescein;
and periodate solutions were stored in the dark.- Because of
the undesirability of using ethanol for aiding the dissolue
tion of iodine, a sublimation procedure was used for the |
10~ u solution, Solid iodine was heated very gently in a.
glass stopperedivolumetric flask unfil ip had sublimed. It
was then chilled rapidly in a refrigerator to condense the
lodine on the walls of the flask, Water was added and solu-

tion occurred overnight,

Laboratory Procedures

Iodination of fluorescein, Generally, this reaction

T
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was studied by adding iodine solution to a buffered fluores=
cein solution and adding water to make a total solution of
10 or 25 ml, in a stoppered test tube., The reaction was
allowed to proceed at constant temperature for a period of
time, alter which absorption readings were made.
Appropriate dilutions of the iodine solutions were
made so that the iodine concentrations were in the range of
0.625 to 10,0 ug./ml. of reaction mixture, The fluorescein
concentration was 5 to 10 ug,/ml, of reaction mixture,
Appropriate amountg 6f either buffer were used to keep the
PH at the desired level, A blank is prepared identically
except that iodine was omitted. Most determinations were
made at room temperatures and allowed to react at least 5 to
10 minutes before reading their absorptions. A thermostated
water bath was used for studies at higher températures;

Todide=periodate reactione This reaction was studied

using periodate concentrations of 1 to 10 gg./ml. reaction
mixture with an excess of iodide in buffered solutions in
stoppered‘tubes. The 50 gg./ml.’excess iodide that was agdded
was increased by a maximum of 5 ug./ml, iodide generated in
the iodine-fluorescein reaction. The stock solubtion of per-
iodate was diluted daily to give the above concentrations

in one ml, or less of solution., The fluorescein concentra-

tion was the same as above, To minimize any possible vapor-

ization of iodine, fluorescein was added before the iodine
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~was addedto the periodate. A blank was prepared idehti-
cally éxéept that the periodate was omitted,

An iodide=fluorescein=buffer solution of the above
stated concentrations was found to be coﬁvenient in that
several steps of adding reagents were eliminated, Most

studies were done at 569 Ce for a period of 10 minutes,

The test tubes were then cooled and the absorption read.

Periodate oxidation of glucose, A working solution

of glucose was prepared daily so that 0.5 to 3 ml. would
give glucose concentrations of 0,04 to 2 gg./ml. of reaction
mixture, The periodate solution was prepared as described
above with O.7bml. containing 8l ug. The glucose?and'perio-'
date solutions were piﬁetted into glass Stoppered test tubes
containing 1.5 ml. of boric acid - borate buffer to keep the
PH near 7. Water was added to wash down the sides of the
tubes, bringing the total volume to 5,2 ml, A reference was
prepared identically except that glucose was omitted. The
reaction mixtures were mixed by careful shaking and placed
in a water bath, generally at 56° ¢, The glass stoppers
must be seated properly to avoid their popping off as the
tube is heated. After 20 minutes, the tubes were removed

from the water bath and cooled for one minute in running

waters,

>

.Immediately, the glass stoppers were removed and the

stoppers and sides washed down with 2,5 ml, water, Next,
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one ml, of iodide~-fluorescein mixture (50 ug. iodide and 100
ug. fluorescein per ml.,) and 1.3 ml. of water was added to
bring the total volume to 10 ml, A blank is prepared with
1.5 ml, buffer, one ml. iodide-fluorescein mixture, and 7.5
ml, water and stoppered. All tubes were shaken and heated
for 10 minutes at 56° ¢, The tubes were then cooled, and

their absorption read,

Absorption measurements. The Beckman Model DB spec=-

trophotometer, with recorder, was used to determine most of
the absorptions of the reaction mixtures, A medium slit
width was used., Glass cuvettes, 1 by 1 cc., matched as
closely as possible, were used. The same cuvette was always
used for the blank, The cuvettes were thoroughly rinsed
with water after use., The sample cuvette was occasionally
washed in ethanol to remove the reaction product absorbed
by the glass, |

After a warmup time of at least 15 minutes, the
instrument and recorder were set at 100 per cent trans-
mission with blank solution in both cuvettes., With a sample
in the sample cuvettes, a plot was begun at 520 mu. and
stopped at about }95 mu., An absorptionApeak was recorded at
about 503 to 508 mu. Then, the cuvettes are reversed, and
‘the run continued to 480 mu. with another peak recorded at

about ;82 to L84 mu., The maximum absorbances for each sam-

ple were read since there is a slight increase of peak wave-
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length with increasing concentration,

The sample was then discarded, the cuvettes rinsed
- twice with the next sample, énd another reading was takene

The procedure for use of the Spectronic 20 was simi-
lar, except that the wavelength was set at 505 mu. and the
blank set at 100 per cent transmission. No studies were
made at lower wavelengths,

The Beckman DB manual lists the accuracy between 335
and 57l mu. as better than 5 mu. and the precision as better
than 2,5 mu, The linearity is better than * one per cent
transmission or * 0,01 absorption units at O,L absorbance,
The 100 per cent line variétion is less than 2 per cent for
220 to 700 mu, The specifications for the attached recorder
gives ﬁhe limit of error as X one ﬁer cent of the span with

an accuracy of * 0,35 per cent,

Personal reading accuracy from the instrument scale is

[+

0.2 mu, and X 0,2 per cent transmission and X 0,5 mu, and
* 0.1 per cent transmission from the recording chart,

Concentration determinations, For the iodination of

fluoreécein aﬁd iodide=periodate reactions, the iodine con=
centration was plotted against per cent transmission on semi=
log paper for each of the absorption peaks, A line of best
fit was drawn throﬁgh the points including the zero concen=

tration - 100 per cent transmission point,

For glucose determinations, the differences between
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the maximum absorbancies of the reference and the glucose
solutions were plotted:against glucose concentration on
retangular graph paper for each of the peaks., A line of
best fit was drawn through the points including the zero
absorption difference = zero concentration point.

Buffers.andApH determination, Typically, 1.5'ml.

of boric acid - borafg buffer per 10 ml, of reaction mixture
maintained a pH of 6,8 before glucose oxidation and 7.03 to
7.08 after the iodination reaction,

The phosphate-borate buffer was used mainly for the
iodination of fluorescein. Typically, a mixture of 5 ml., of
0.1M H3POy, 1.5 ml. NapBy 0, and 2 ml, Na HPOy in a total of
25 ml, kept the pH at 6.8.

The pH's were determined by a Beckman Zeromatic PH
meter, using micro electrodes.

Paper chromatography. Ascending paper chromato=-

graphic technics were employed in a cylindrical glass Jjar,
Whatman number one strip filter paper was used, Samples
were spotted on the paper with a glass capillary tube and
"air dried. The solvent system used was 0,1 N borax adjusted

to a pH of about 10 with dilute sodium hydroxide., The spots

were located with the aid of an ultraviolet lampe.




IV. EXPERIMENTAL RESULTS

Reaction Conditions ahd Abbreviations

Unless otherwiée stated, the following conditions
prevail: the pH is 6.8; the buffer used is boric acid-
borate buffer; the temperature is room temperature; fluores-
cein refers to uranin in solution; and absorption readings
are done on the Beckman Model DB spectrophotometer.

The absorption maximum of 505 mu., will be used to
refer to the range of 503 to 508 mu, and 48l mu. to the
range of 1,82 to L8l mu,

Besides the accepted measurement abbreviations, mu.

will refer to millimicrons, and ug. to mlcrograms,

Iodination of Fluorescein

Absorption spectra. Upon completion of the iodina-

tion reaction, a reddish orange coloration occurse A typ-
ical absorption curve of this product together with the
spectra of fluorescein and erythrosin is shown in Figure 2.
The absorption peak at 505 mu, i8 produced by the colored
product while that at. 48l mu. corresponds to fluorescein,
The break in the curve for the iodinated fluorescein occurs
‘when the ouvettes are reversed, The absorbance at L8 mu,
is a measure of the excess fluorescein not reacting. But,

the actual absorbance is due to the difference between the

amount of fluorescein in the blank and the unreacted fluo-
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rescein in the iodinated sample, In Figure 2, the concen-
trations of the iodine, fluorescein, and erythrosin are 5, 5,
and 12,5 ug./ml., respectively,

The iodide ion was found to absorb less than one per
cent in the range of 180 to 520 mu,

Absprption-concentration studies, A typical plot of a

concentration series study is shown in Figure 3, page 25.
The iodine solution contained small amounts of ethanol in
the original preparation, and the phosphate-borate buffer
was used, The fluorescein concentration was constant at
10 ug./ml.,
‘ A plot of the maximum absorbances (as per cent tran-
mission) for each concentration at its absorbance peak
against concentration is shown in Figure li, page 26

A similar series using iodine-iodide solutions is
shown in PFigure 5, page 27. The concentration of fluores-
cein is constant at 10 ug./ml. Another étudy with lower
concentrations and using the Spectronic 20 at the 505 mue
peak only is shown in Figure 6, page 28, :The concentration
of fluorescein is 5 ug./ml. and the pH is 6.9

A ﬁypical precision study is shown in Table X,
page 62,

Time, pH, and lighting effects. A study of the

effects of time upon this reaction is shown in Table I, page

29. Studies were done at pH'S of 7.3 and 6ely uﬁilizing
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TABLE I

TIME EFFECTS (IODINATED FLUORESCEIN
REACTIONS, IODINE SOLUTION)

_Reaction Time Maximum % Transmission
Minutes 505 mu, 18l mu.
A. PH = 7.3 1 }.‘.6.0
15 53.0
T
6 Lt 52,5
8 , 5247
9 16,0
10 ; . 5247
11 16,0
12 52.8
1 . 5268
15 - 6.0
. 20 6.0 52.8
L5 hé6.2 52.8
90 6.2 53.0
120 6.2 53.0
210 L6.2 53.2
° = 60 2 '.
B. PH Ly g hSz do
% ik 80.0
; 1
9 s 80.5
Lo e
12 m;q | gg'g
Q.- . o
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phosphate-borate buffers, The iodine and fluorescein concen-
trations were kept constant at 4 and 10 ug./ml., respectively.
The solutions were kept in capped cuvettes inside the dark-.
ened cuvette chamber of the spectrophotometer between read-
ings. |

Table II, shows results obtained using jodine pro-
duced in the iodide-periodate reaction in the phosphate-
borate buffer at a pH of T.l4. The iodide-periodate reaction
was allowed to proceed for 30 minutes, then the fluorescein
was added and absorbances were read, beginning after 5 .
minutes, The iodine and fluorescein concentrations were
constant at 7.2 and 6 ug./ml., respectively.

All studiés similarily show that the iodination reac-
tion reaches a maximum within 5 minutes,

The effect of pH was studied in a phosphate buffer

with time held constant to 10 minutes of reaction time, The

iodine and fluorescein concentrations were constant at I and

10 ug./ml, of reaction mixture. - Generally, the color of the
product became redder with increasing pH. Graphical results
are shown in Figure 7, page 32.

" The effect of normal laboratory lighting (fluorescent

fixture) upon the iodination of fluorescein is shown in

~ Table III. The time was constant at 15 minutes reaction

times The pH was kept at T.l4 with the phosphate-borats

buffer. The fluorescein concentration was 10 ug./mle

h |
_
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TABLE II

TIME EFFECTS (IODINATED FLUORESCEIN,
IODIDE~PERIODATE REACTION)

Reaction Time: Maximum % Transmission
Minutes 505 mu, L8l m.

5 3L..0 48.5

10 : 35.0 16,0

20 ; 3g.5 3.5

30 38.0 11340

58 39.5 h2.5

80 . ~ 0.5 2.0

TABLE III F

EFFECTS OF LIGHT (IODINATED
FLUORESCEIN REACTION)

Concentration I, g , L 6 8 10
(ug./ml.) ;
% Transmission
1. 505 mu,
Dark T2V 1960 133.,0 22,8 15,0
Room Light T2+ T hB2 573340 = 22,8 15
2. L8l mu.
Dark 81 .ll- 63.0 LLB.O 37.8 27.5
Room Light 76.0 60.0 ,.IJ.'.J.I. 35.3 25.9
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The series run in the dark was prepared in a non-lighted
laboratory and placed in the dark as soon as possible,

The effect of increased fluorescent irradiation and
time is shown in Table IV. A reaction mixture, containing
I ug./ml, reaction mixture was prepared as usual. One
half of this was kept as a control in normal room lighting;
the other half was placed appro#imately one foot from a
qommbn fluoréscent lighting fixture, in stoppered tubes.
The temperature of the control was 24.0° C,; that of the
strongly irradiated mixture, 2l,3° C., Other cénditions
.were the same as described in the preceding paragraph.

Effect of chloride ion. Table V, shows the results

of adding chloride ion to a typlcal reaction mixture. The
micro-molar ratio of iodine to chloride ion was 0,0099 to
1¢9. The iodine concentration was 5 ug./ml, reaction mix-
ture and was diluted from an iodine-iodide so6lution prep-
aration, The micero-molar ratio of iodine to iodide was
0.0099 to 0,075,

Stoichiometry. A graphical analysis is shown in

Figure 8, Iodine was added to a constant fluorescein con-
centration of 5 gg./ml; The break in the curve indicates
that the Lodination ta complete when 3 to L iodiﬁé atoms
are used, . '

In the spectral studies, various mixtures of reagents

were combined and compared to the fluorescein and erythrosin
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TABLE IV

EFFECT OF LIGHT AND TIME (IODINATED
FLUORESCEIN REACTION)

% Transmission-505 mu. % Transmission-L8l mu,
Time Room Strong Room Strong
Minutes ILight Light : Light Light
10 Lé6.7 69.
36 52,0 65.
60 I7.5 5940 59.
TABLE V

EFFECT OF CHLORIDE ION (IODINATED
" FLUORESCEIN REACTION

Conc, C1~

in Blank

(u moles/ Concentration Ip Conec., Cl~ % Trans,
mle) (uge/ml,) (u moles/ml.) (u moles/ml.,) 505 mu.
0 5 0.0099 0 o3
0 5 0,0099 Lol o Lh.2

1.9 5 0.0099 0 Lihe2

1.9 5 0,0099 1.9 Ihe2

I
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spectra. The results are shown in Figure 9, page 37, and
Table VI, page 38. The di-sodium salt of erythrosin was
prepared and diluted to the same molar concentration as
fluorescein., The buffer concentration was held constant in
all tests including the blank, Iiterature values of absorp-
tion peaks for fluorescein and erythrosin are Lj91 and 52l to
526 mu. (6), respectively.

The paper chromatographic studies resulted in Rp
values of 0,04 and 0,16 for erythrosin and the iodinated
fluorescein product, respectively., For comparison, the Rp

value of fluorescein was 0,66, The results are reproduced

in Figure 10, page 39. The concentrations of the fluoresa: . -

cein and erythrosin were 5 and 10 ug./ml., respectively.
The iodinated fluorescein product was prepared with 5 uge
fluorescein and 10 ug. iodine (a slight stoichiometric
excess) per ml, The Spots remained very nearly the same as
they‘moved indicating the probability that mixtures were

not present.

TIodide-Periodate Reaction

Absorption-concentration studies. A typical concen-

tration series with excess iodide concentration (50 ug./ml, )
and varying periodate concentration is given in Figure 11,

page 0., In all of these reactions, the iodide ion concen-

tration is increased slightly by the iodide formed in the
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TABLE VI

SPECTRAL ANALYSIS OF IODINATED
FLUORESCEIN REACTION

I Reagent Control Absorp-
Conce , v Conc. Spectrum - tion
Composition (uge/ml,) Composition (ug./ml.) (Figure 9)  (mu.)
1+ Fluorescein 5.0 Blank - A 4,88
2. Erythrosin 12,8 Blank % e § 518 .
3e Iodinated ‘
fluorescein 8.,1(Ip) Blank - ¢ 506
and fluores- - i
cein 5.0
lis Todinated
fluorescein 8e1(I2) Blank and _
and fluores- fluorescein 5.0 D 509
.. cein 5.0
flucrescein 50 Iodinated
: - fluorescein 841 (I,) E L87

and fluores-
cein
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fluorescein~-iodine reaction, The spectral plot is shown in
_ Figure 13, page L45. The reactants were heated for 10 min-
utes at 56° C., cooled, and the absorptions read.
A typicalvprecision study is summarized in Table X,
page 62,

Time, temperature, and pH effects, A rate study

with a reaction temperature of 56 to 57° G, is shown in
Figure 12, The periodate concentration is constant at 5.6
ug./ml, reaction mixture (11.l ug. KI per ug. periodate),
and the fluorescein is added befdro allowing the periodate
and iodide to react. A similar study, but with fluorescein
being added after heating the reaction mixture (28 uge KI
per ug. periodate), is also shown in Figure 12,

Another study at room temperature and with the
iodide-periodate reaction.occurring before the fluorescein
is added is summarized in Figure 12. The periodate concen=-
tration is 6.8 ug./ml. (2.65 uge. KI per ug. periodate).

The absorption readings were taken approximately 10 minutes
after addition of the fiuorescein.

At a lower pH (approximately 0.8) and room tempera-
ture, fhe reaction .is essentially complete within one

minute.

Effect of iodide ion concentration, The effect of

iodide ion concentration on the completion of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>