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ABSTRACT

The ultravieclet absorption ppoutru of thlocarbanilide
(diphenylthlourea) were determined in aqueous solutions of
varying acidity. The effect on the absorption spectra of
thiocarbenilide of the addition of various cations (Ag®, 7,
o't N, P, AT, La***; Au™* and Ce*™") was then
determined. It was then necessary to establish whether aoﬁplox
formation had taken place. A correlation between the absorp-

‘tion spectra and data obtained has been attempted,



1.
IN TRODUCTION

Golor 18 one of the phyesicel propertiss of materials.

The analyst makes wide use of this property for identification
and determination purposes. The beginning student in chemistry
first feels the importance of color in the Cualitative Analysis
laboratory. He soon reslizes the information that cen be gained
and the time saved by cereful observation of the colors of pre-
cipitates and solutions. |

In recent yeers the use of colorimetric methods of measure-
ments has been rapidly increasing on both & quelitative and
quantiﬁative scale (36),

Color according to spproved definitions (35) 1s limited to
the radient energy (light) of the visible region of the spectrum,
It should be understood that color is related to three things -
the redlator, the object and the observer.

Absorptiometric Analysis in general terms applies to the
invisible regions of the spectrum as well as the visible., A
receptor of the radisnt energy from the object 1s now a photocell
in place of the humen eye. In this cese there will be no sen-
sation of color. Since the work in this paper is concerned with
the ultraviolet region of the spectrum, the term radient energy
will be used in place of light or color.

From the theoretlcel stsndpoint the problem of explaining
the sbsorption of rediant energy of different frequencies in
relation to structure is very difficult, to say the least.

Although a great deal of iInformation hes been obtained con-

cerning the dependence of absorption of radiant energy on chemical




2.

INTRODUCTION (Cont.,)
oonltituﬁian the majority of our knowledge is still empirical,
By the ﬁab of the chemical—phyniegi concept of resonsnce a
eerro}utioa,between molqcular'sﬁructuro and absorption spectrs
can bo §irgiga at on & cuslitative basis, Since the mathemati-
cal baaiﬁ7fmf resonence lics in Qﬁuntum Mechanliecs, future adfancou
in thia fiald will be & great sld 1n aloardng up present azrrz-
cultian.  Revertholeas e foundation for e modern theory of tb»
sorption hua been lald (10). _

Tha work in thisg peper was perrorned in the nour-ultrnviolot
(200~i00 my) region of the opeatrun. Previous work on the ab=
sorptian ;paetra of thiocurbaniliao wag reported by J, E, Purvin
(38). Ewuavar, the information obtainod was of little value to
tho,pratqnt\ﬂroblom. Loh and_bchM>(53) ghowed that thiocarbanil-
ide fbrmed definite addition compounds with various reagents.

On this basis the present atué# vaa made to determine vh.thot»
thiocarbenilide could be used as sn snalytical tool in the

ultreviolet region of the spectrum.



8.
HIS TORICAL

The first mejor advance leading to our préasnt theories of
color was made in 1868 when Graebe end Liebermenn (17) recognized
that in order for a compound to be colored, visible light must
be absorbed. The type of compounds exhibiting this phenomensa
must be unsatursted. Witt (47) in 1876 introduced the term
chromophore. Chromophores are unsaturated linkages that have
the potentlelity for color, Examples of chromophores ere the
ethylene, azo, carbonyl snd nitroso linkeges. He also intro-
duced the term guxochrome, The sbility of s compound to be
colored will be inereased by the presence of such auxochromes
a8 the hydroxyl snd methyl groupings. Aetually an auxochrome
is a color aiding group., Hewitt (20) sround the turn of the
century proved that the color would deepen with an incresse in
the conjugeted system,

The firat promising solution of the origin of spectrs was
advanced by Bohr (1917). Bohr epplied the quantum theory to the
hydrogen spectrumy His theory sccounted for the spectral lines
of hydrogen as resulting from sn electron moving from s high
energy level to a lower energy level. As a result of this pro=-
cess radient energy 1s emitted. Absorption is the roﬁorso pro-
cess. With the low atomic number elements, mathematicel formu-
latlion of these excited states is possible. In the case of
molecules this has not been realized as yet,

Bury (8) in 1935 pointed out the importence of resonsnce
in affecting color and by the use of this theory the excited
states of compounds may be approximated. Bury by'oambinins the

ideas of Witt and Bayer (1) in conjumction with the resonance



HISTORICAL (Cont.)
theory attempted to explain moleculer spectra,

Prom the evidugco presented up to the present day it can
be concluded that absorption of light is due to vibrating elece-
trons. Cler (7), Henriel (19),'Le§19 and Calvin (31) have pre~
nnnbed'impir;cal formnlaa‘ihéﬁeby some quantitative generall-
gations can be made In regard to sbsorption spectra, |

Fér e more detailed dincu#aiﬁn of the historical baakground
of abnarption spcetra the reader 13 referred to the rallcwing
articles (14)y (11), (ﬂﬂ). (12) and (44).

4.



5.
THEORY
Part I: Resonance end Molecular Structure

Thé‘largaat smount of work on the absorption spectra of
orgenic compounds has been obtalned with solutions., In the case
of the altraviulot and visible regions of the spectrum whern we
are considering eleectronic apeqtﬁa,”the absorption bends are
continuous, This is the result of the averlapping‘of meny
vibrational end rotationsl stetes (34), (8). The meximum in
the band‘éorrespands to the most likely transition.
| In order to obtain & qu&litativo viewpoint of the excited
states of molecules as the result of the absorption of radisnt
energy;'the theory of resonance is invoked. Resonance energy
is important in the consideration of both the ground snd the
excited state. It 1s not the magnitude of the resonsnce snergy
of the molscule that determines the wavelength of absorption
but rether the difference of the resonaence stebilization between
the ground end exclted state (15). In the case of conjugated
gystems, as the number of double bonds increases the number of
structures for an exclted state Increases over the number of
ground state structures. 4As a result the absorption will shift
to 1nisr frequencies. The fundamental idea in this case 1z that
the more structures that cen be drawn to represent a molecule in
a certain state the greater ls the resonance energy snd hence the
greater the stabllity of that state.

In the case of ethylene, the contributing structures can
be written as follows

Hgl = CHp HeG - CHg Hef - CHg
a b c




6.
THEORY (cont.)

Structure (a) would be more stable than (b) or (e) (43).
We can consider (b) end (e) contributing to the resonance energy
of the ground state, but the contribution is smsll., On the other
hand the excited state may be represented by (b) and (c} with a
small contribution from (a). In this excited state there are
probably contributions from other structures. It is to the
structure (b) and (c¢) that the sbsorption of light is attributed.

In_the case of butadiene the structures may be written as

follows:
CHFCH-CH=OH, . GH,-TH-CH-CH,
A B
CH,-CH=CH-TH,, CHp-CH=CH-8H,
c e D

Essentially the gggund state can be represented by (A) with small
contributions to igo resonance %%grgy from B to D (5). Obviously
B.D are at much higher energies than A. The first excited state
howe;er can be represented by B,} C and D, Now in cg:nparlng the
two states 1t can be seen that the differences in agiraiol of

the structures representing the sxcited state as compared to the
ground state 1s much less, Therefore the contribution to stabi-
lization would be large. Although the effect of B may raise the
energy & slight extent the net effect is a2 lower energy than
would be expected L1f no resonsnce were possible. Also the stabie
lization in the excited state as a result of resonsnce is greater
than in the ground state. It follows then that the energy of
excitation 1s lower, and hence the absorption occurs at longer
wavelengths than 1f there were no resonance., &ince the resonance
in butadiene 1s greater then that in ethylene it can be concluded
(due to their similarity) that sn increass in conjugation should



THEORY (eont.) ,
result in an increased wavelength of absorption, This is borne
out experimentally.

The Intensities, as well as the wavelengths of absorption
are affected by the resonance. In the case of the con jugated
systems the intensity per dcublo bend incresses as the length
of the omjugahod chain mcreneu. The entire question of in-
tensity is not very well understood at the present time.

F‘er further information on resonance and nbsorptim spectra
the reader 18 referred to (14), (&ﬂ), (2), (44), (28), (13) and

(40}, |

7



THEORY (cont,.)

Pert II: PBouguer - Beer Law
"!han-§ ray of mﬁuachramutxc‘light passes through an ebsorb-
ing maﬁium, the intensity of the emergent ray is less then the
incident rsy. The quantitativo measure of this change in inten-
glty ils governed by two 1nuaz» Ehar’n end Bouguer's. |
Bqﬁguﬁan law states that #ha intensity of the inalédntl
beam &eékékﬁes exponentially with sn increase in the thieknhxi
of the sbsorbing medium traversed (46). '
1°310 %g Eb ‘
Io 1s th& 1ntanaity of the incident ray.
I is the intensity of the transmittad ray,
Kis a conatant for any given wavelanghh,
b is the length of the ahsarbing'layor In centimeters.
In the consideration of solutions where concentration must
be taken into esccount, Beer's law spplies. Beer's law states
that the intensity of the incident besm decrease exponentially

with sn incresse In the concentration of the absorbing medium

traversed,
log 1o — K'c
r
K' 18 & constent depending on the wavelength,
L is Bhe concentration of sbsorbing solute,

Combining the two laws:
log :Irg = 8gcb = A,
By i1s constant depending only on the wavelength of light
and the nature of the solution., It 1s given the name absorbancy

index according to the terminology of the National Burssu of



9.
THEORY (cont,)
Stendards (37). Previously 1t was known ss the extinction
coefficlent,

A, 1§-tha absorbancy or optical density, sometimes referred
to as thé ‘extinction. The units for abaorbancy are clearly de-
pendent apem those of b and g, Q‘ is usunlly expressed in centi-
metera.- Tha two most wiﬁely usad unita for ¢ are grams per
liter and gram~meloa per litar. If grems per liter is choaun
then the proportianality oonstant is given the symbol a,. "Qﬂ
the other hand 1f gram-moles par liter is chosen the constant
1s given the symbol a, kmown as the molar absorbsncy indesm.

In order for these laws to apply it is necessary to use
'monachvomntia light. Bouguer's law has no exception but this
cannot be sald for Beer's law, Beer's law will be violated if
dissociation, sssocistion nr'tgmtémeriu behavior of the solute
- in solution sand if the blenk cell does not compensate for re-
flection losses, When applying Beer's lew it 1s well to tﬁlnk
of the words of Kdrtum (29) afﬁéé~summarining evidence on this
point, ™the valldity of Boer's‘lailror fons must be considered
as an exception rather than as a rule. Velidity over large
concentration ranges is not to be expected since Beer's law is
a limit for low concentrations™ (34).

For further information concerning these laws the reader is

referred to the following suthors (16), (42), (4) sna (18),



10.
THREORY (econt.)

Part ITI: Job's Method of Continuous Varistion

Job's method of continuous variastion 1s applied to the identie
fication of compounds or eomplox‘iann formed in solution. It cone
sists in the determination of 2 physical property at various ratios
of the two constituents. The propsrty meesured may be the absorb-
ancy Iindex, refractive index etec.

The reaction taking place in solution may be beprenanted by the
following ecuation

A+nB & APn

In order to determine n, solutions of A eand B are mixed in
varying proportions and & sultable property measured. The differ-
ence betwsen each value found for the mixture snd the correspond-
ing values for A end B alone is plotted against composition. If
no reaction has taken place, the plot will be a straight line,

If a reaction has taken place the concentration value where ABn

1s present in the largest amount will be indicated by a2 maximum

or minimum in the curve obtained, depending on whether the compound
formed has & lower or higher value (absorbancy index) then A enad

B alone., From the ratlio of A to B 1t is possible to determine the
compound formed.

The major conditlion in epplying this method is that A and B
are of the same molar concentration at the beginning so that on
mixing the two sclutions at various ratios, the final molar con-
centration will be the same for the various solutions. Otherwlse
the meximum or minimum obtained will be a function of the equi-
1librium constent as well as of n. Another condition is that the

property meassured be proportional to the concentration of the species.



11,
THEORY (cont.)
For a more comprehensive discussien of this method the reader

is referred to (2¢4), (48) end (23),



EXPERIMEN TAL

The sbsorption spectrs obtained in this work were determined
with a Model D U Beckman Spectrophotometer (8), Serisl No. 3210,

The spectral bend width obtained for each reading weas within
the spproximate rsnge of 1¢V‘to:0.40 mn. The sensitivity control
was set st nearly minimum aantivivity in order to obtain wave-
length”fpuﬂinga down to 210 mu.

n,gmga obteined were Snpipart with the exception of the
mixture of silver and thiocarbanilide. In this case, s the maxi-
mum and minimum were approaohad;eradinga of 1 mm Intervals were
obtained, Since this method did not produce & better clarifica-
‘tion of the peaks then the 8 mu Intervel, 1t was discontinued in
the remaining spectra, -

Matched, fused-silica cells of 10mm % 0,0lmm, square crosse
sectlonal area were used. :

The malﬁing point determination of thiocarbanilide was made by
means of a caplllary tube uttaehad to a thermometer that had been
previously standardized with compounds of known purity.

The Roller-8mith torsion type balance (50 mg full scale) was
used in all weighings,

The polarogrems were determined by means of a Fisher Elecdro-
pode.

All buffer solutions were checked with & Beckman ¥odel - G

pH meter,

1z2.



13.
EXPIRIMINTAL (cont.)

Compounds Used

1. Thiocarbanilide was obtained in the pure state by re-
erystallization from an aqueous alcohol solution. This procedure
was curriﬁa-aut twice and the melting point was found to be 152 -
153° c:whivh checked with the literature,

The salts used in thiﬁ.work were obtalned from the chemical
stockroom unless otherwise stated., Purification of them did not
seenw esaen#ial because of the high dilution.

2. AgNO4 - C.P, Percent of impurities not liuted,

B T12304 - Obtained from &, K, Bacon. Sample hed been
recrystallized twice previously.

4. La(HGs)a» 6329 - Cu Py Per cent of impurities not listed.

5. Ancla -« A solution of unknown concentration obteined from
Ce B, Hurd, Mnelyzed by evaporating 10 ml, of solution to dryness
and then weighing the gold.

6. Go(aﬁ‘)aw Qtﬁﬂi)ﬂﬁﬁ4- 2320 -~ Cs P. Por cent of impurities
not listed,

7. FeS0, 7TH,0 purity = 99,88%

8., Fep(80,)5+8H0 purity = 99.86%

9. Ca(NOjz)gpe4Hp0 purity — 99,66%

10, Alp(804)3°18Hg0 purity = 99.79%



14,
EXPIRIMIN TAL (cont.)

_Qraﬁaratiun of Solutions

The stock solutions pmparé‘d‘ varied in concentration between
the 1imits 10 - 50 mg. per liter. The reference liquid used as
the blank was ldentical with the solvent that contained the vari-
ous uompnnénta. In determining the absorption apeetra,,#liquét
portions of the stock aolutionakﬁwra d1luted to one liter b§ that
the beaulting concentration was in the range of from 1 io'E'x.la‘s
molar, depending on the intenuity. Regults were reproduced with
‘the maximum deviation being 10.004 for the optical density in the
230 « 255 mmregion, | |

Since thiocarbanilide only has a limited solubility in water
it was necessary to effect gsolutlion by dissolving the aimplovin a
few ml, of 95¢ ethonol, No effect on the absorption spectra was
observed, |

Clark and Lubs buffers (9) were used for alksline solutions,
In the pH renge 2-6, the biphthalate selt in the Clark end Lubs
buffers absorbs below 300 mmu ., It was therefore noooasiry to use
Sorensen's glycine-hydrochloric seid buffers (43) since I preferred
& pH between 23 for amcid solutlons,. |

The solutions for the determination of the polarogrems were
from 1 to 3 x 10-5 molar. A 0,088 gelatin solution (46) was sdded
to supress the maximum which might occcur in the polarogram, Sodium
sulfite was added in order to reduce the oxygen (46). All polaro-
grams were obtsined on neutral solutions.

In the "Job's Method of Continuous Varistion™ the molar concen-

trations of lanthanum snd thiocarbanilide were identicel (1 x 10~5)

at the beginning, For csleium and thiocarbenilide the concentrations




15.
EXPERIMENTAL (cont.)

used were 1 x 10~ molar, |

Thiocarbanilide (diphenylthiourea) was oxidized to diphenylurea
by meens of sodium pergxide in en alkaline solution according to
the method suggested by Loh snd Dehm (32). |

Thallous ion was oxidigzed to‘thallic by mesns of chlorine as
suggested by Hopkins (21).



1s.
DISCUSSION

Thiocarbenilide

The ultrav;olqt gbsorption spectra of thiocarbanilide were
determined in aqueous ;olntions of varying acidity, An increase
of pH casuses a hyperchromic (25, 26) (increassed intensity) shift
a8 shown by Graph I, There is also & hypsochromic (25, 28) (to
ward shorter wavelengths) shift of 4 mum for maximum absorption in
the baaié solution es compared to the acid and neutral solutions.

It can be assumed that the mein contributing structures bf
thiocarbanilide in seildic, noﬁtral end bagic solutions can be
represented by I end II, III'op V, VII and VIII respectively.
(Roman numersls refer to the resonence structures in the sppendix),
The aﬁrnéhnrea for the ozqitﬁdfttgtea for acid and basic solutions
are diffieult to realize quullf&tiVely. For the basiec sblution X
and X rﬁprasgnt excited states but the difference in energy be-
tween the ground end axaithd_qtataa is undoubtedly so large that
these atruéturaa only offer s very small contribution to thn:sx-
clted state actually obtained., In the caese of the acid solution
the difference in energy would be even lerger and it 1s difficult
to draw a structure representing an exclted state. A positive
¢charge would probably be located on a carbon atom in the bengene
ring.

For neutral solutions the problem of tautomerism comes inte
play. As pointed out by Sidgwick (41) there ls evidence that
thiocerbanilide exhibits this phenomena In solution (III emnd V).
Certain resctions of thiocarbanilide indicate the presence of the
thiol (-8H) groups Since there 1s no direct evidence of tautomerism
Sidgwick offers the explanation for the resctions on the basis of
the gwitterion formule (IV). For the purpose of this work it may
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18,
DISCUSSION (cont,)

be assumed that the switterlion represents a structure of the excited
state. The enol tautomer's excited state could be represented by VI.

However, since. the purpose of this work 18 not concerned so
much wiﬁh determining ;truature ag seeking en analytical tool no
step in the direction of solving thls structural problem was taken,
The zwitterion formula does simplify the explenation for resctions
that do take plaece In this work. The structursl formules presented
offer interesting speculation but it must be understood that cor-
reletion between resonance structures and observed spectra is

mainly empirical snd may be an insdequete explanstion,

It may have been sdventsgeous to determine the spectra of
thiocarbanilide et other pH's, However it was felt that 1f & sig-
nificant change should raanlt;ﬁlf‘tculd be ina strongly acidie or
hnnie'aolution (altheugﬁ this does not necessarily hold)., MAnother

factor was the time involved.

Silver and Thiocsrbenilide _
The sbsorption spectra of a 1tl moler ratio of silver and

thioen:bﬁnilido were determined at various pH's as shown in Graph
II, The silver nitrate alons exhibited a slight ebsorption in

the vieinity of 260-300 mu which was attributed to the nos radical
(89) since the spectra of La(NOgz)s and Ca(NOz) were very similar
(Grephs IV end IX), However, this would not sccount for the large
hyperchromic shift with increasing pH (Graph II) as compared with
thiocarbenilide alons (Table I), Also it should be noted that the
wavelengths for maximum sbsorption are eauanﬁially the same in the
three solutions (250 mu) although there is a hypsochromic shift of

7 mp for acid snd neutral md 3 mpu for basic as compared to thioe



19,
DISCUSSION (cont.)
carbanilide. '

The problem resolves itself in datermining'whethar bf:ﬁot
aempla;.ﬁarmatian hes tnkan.pine#. Yoe end Overholser (42) showed
that As aﬁd thiocarbanilide in neutral, acid and basle solutions
gava»a tan, white and brown to blaak precipitate respeetivaly. As
a rasult ‘the ailvnr-th&oaurbani'iéo complex was prncipitatad from

'a neutral :olutiun by adding an czceaa of silver nitrnta ta 8

¥nown ameunt of thiaanrbanllid@, ailowed to alr dry for a reu
hours (ninas i1t was found to daemmaoae on standing for &ny Inrga
1nterva1 af time) and woighad. The results within the limita of
oxpar&mantal error showed *he éompnund to be Lgclaﬂiings.

Gemplex formation is aaﬁociatad with a displaeemenh uz hydro—
gen iong (8&). As a result m@tal complexea should be moro ntablo
at high pH and with the nxcopﬁlan of the most stable should be
extensively dlssociated at low pH,

Considering the gwitterion the reaction in neutral solutions

cen be represented as follows
" ' Ag
Ag+% M-g:%nﬁ o %gmgzna-%f
H !

That the addition is not on the nitrogen ls explained by the
fact that diphenylurea is unsble to form corresponding sdditive
compounds (31). |

Bince the absorption maxima for the three solutions are st
the same wavelength 1t cen be assumed that the difference in
structure is essentially the stabllity of the complex., As mene
tioned previously the question of chenges in intensity is not very
elear but 1t nevertheless can be seen from Graph II thet as the
stability of the complex Increases the intensity incresses,

In the finsl comparison of the two grephs it may be noted



DISCUSSION (cont.)
that the changes resulting from the addition of silver nitrate
to thiocarbeanilide result in an inecreased intensity and a de«
cresge in wavelength of maximum sbsorption to 250 mm for the
three solutions. The hypsochromic shift can be accounted for by
the dae?@aae in the resonating pfaperty of sulfur due to tnabail-
ver,"Thd added mass of ailver'may account for the incresse in

intensity.

Thellium and Thiocerbsnilide
The absorption spectra af'a'lal molar ratio of thnlliuu-(oua)

and thiecarhanilide were determined in solutions of vurying aeidity
(Graph 1II), | :

In this case there 1s a hyquhromic (decreased 1nteqaity)
shif't aa'compared to thiocarbanilide. In an acid mediqm the
change ia‘slight (Table I) whereas in a neutral solution the
difference 1s negligble since i1t falls within the experimental
error, However, the decrease in molar absorbing index in the
basic a&?utian 1s very large (Note Table I) whereas the variation
in wavelungﬁh is very small, tﬁ MM, :

‘ In arder to sccount for the largo discrepancies 1t wa: rirat
noaeaaary to determine 1f eamplax formetion had taken pla&e.
Thulliuu nnd thiocarbanilide will precipltate from a baaic aelun
tion (49) but decomposition tekes place in & very short time.
Thererore the polaregraphic mathod (48) was chosen in whiech the
maximum for the diffusion current was obtained at various con~
centrations, A plot of Iy against ¢ in moles per liter was then

made (Graph XITI), 'The dotted line indicates = solution of 3 x 10~5

moles of thallous and 1 x 105 moles of thiocarbeanilide S8ince it

Corresponds very clmely to 2 x 10° moles of thallous ion alene,
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DISCUSSION (cent.)
the aaﬁalnuian can be drawn that one mole of thallous ion reascted,
with one mole of thiocarbanllide,

Since the complex TL(Cyul; N 8) should be more stable in
basie solutlons this would prﬁb&hly socount for the large decrease
in moler sbsorbmey index, The guanﬁsan arises however se to why
#1lver ceusse s hyperchromis shift while thallium causes n.hypn.
¢hromie shift, This Quouﬁian.wﬁll‘he congidersd later,

 The sbesorption spectra of thaxlxm.imu bas alse been detere
mined (eurve ¢ of Graph III) mainly out of curiosity ulnea to my
imowledge no previous spsctrum hes been obtalned for it, The proe
cedure rur oxidation was that of Hopkins (21).

The procedure of lenthanum isg simllar to that for ailvﬁr snd
thallium, A hyperchromic shift for the sold and neutral solutions
ls exhilbited while th& besie selutlion shows s hypoechromie shift as
compared to thiocarbanilide alene (Greph IV), The main peint of
interest 1e thet in the neutral solution there 1s an extreme flate
tening of the absorption peak,

*ha,pronf‘mr the formation of a complex was aotciaznéﬂ-by
"Job's Method of Continuous Veriation®(Oreph XII), The La(NOg)s
g thiscarbenlilide solutions were mede up ot the same molar
.enmeantrutionwkil x 108} so thet on mixing them at various raties
the finel molar concentration would be the same (1 x 10~8), B8ince
8 definite peak is formed at 0,5 for the different wavelengths it
tan be concluded thet & 1:l complex was formed., The explanstion
for the variation st other ratios lles In the low concentrations
which meant a2 low opticel density.

Congidering the moler absorbancy index for the three cations
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DISCUSSION (cont.)
in solution of varying acldlty I§ cun be seen that no dorinito
paﬁtérn hes been followed. The variastion with scldlty is different
for the three. The only explanetion 1s that the difference lies
in the propsrties of the cations snd in the stability of the complex.

Cerium snd Thiocarbanilide
' vcarium (1e)'and thiocarbanilide exhlibits the ssme molar ab-

uorbandy“inaax in acld and neutral solutions and shows a slight
incremse in basic solutions (Gbaﬁh V). Although the ceric salt
alone possesses considerable power for ebsorption of radisnt
energy; this can be disregarded ainéo complex formation takes
place as proven p@larogr&phicgl}yi(&ruph XIII), Again it is found
in n‘haﬁia‘aalution that théwigiiékabaOvﬁancy 1hdox for Ehé‘eomn
plex is lower then for thicearbanilide alone. (This is similar

to La and TL but not to Ag) .

Gold snd Thiocarbanilide

AuClg absorbs to a large degree as can be seen from Graph VI,
. In the case of the neutral solution no definite peak is produced.
Howaver, gold snd thiocarbenilide do not form a complex (Graph XV)
to any significant degree of stabllity. Therefore since absorp-
tlon is additive the AuCly curve was subtracted (22) from the
neutral curve (Graph XVI), The maximum end minime are then obe-
tained and the.behavior of the chroe solutions is now similar to
8ilver (Table I). In order to explain the peaks for the scid and
basic solutions it must be assumed thet some deizree of complexing
1s taking place., As Yoe and Overholser state there is 2 decolori-
gatlon in concentrated solutions but no precipitete is formed.

On this basis end in considering the spectra obtained I would say
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DISCUSSION (cont.)
some degree of complexing has no doubt taken place in the scid end

bésie medium,

Pt Pe™*, ca**, A1"™* and Thiccarbanilide

The 1agt four ions will be considered tegether since thelir
individual spectra are very similar (Graphs VII, VIII, IX, X).
Tha»méiar absorbsncy index r@r hheaalions inereases with 1ﬁeroas~

ing pﬁ altheugh the change frum acld to noutral is very ulight.

P

ﬁamplex formation does na%1take plece as cen be saen frua

Grapha XIII, XIV and XV. It vaa neeeusary to determina caleium
by Jbb's method because the p@laragram exhiblts a maximum ihiah
cannot ba auppraaued%% *ﬁ”' " 

The main point of interest is thn* the spectra obtained for
basic solutions differs considerably rrom all provlous apoctru.
Previously the difference in spectra st various pH's was mainly
in the ubsorbaney index., Hdwever, 1& these cases the pesks are
very sharp, the minimum is much lower and displaced approximately
5 mu to lower wavelengths (Teble II).

Loh ané Dehm gtate that it is possible to oxidize diphenyl-
thiourea to diphenylurea by various reagents in alkaline media,
LY nglﬂ. The reaction 1s practically quantitative with Hugpg.
In order to determine whether oxidation (replacement of -8H by
«0H) has takan_plnée, thiocarbanilide waes oxidized with ﬁdgnﬂ
end a spectrum obtainad (Graph XVI). In comparing this upectrum'
with that for Ca” * Fe**, Foe ""Tend AL*"" end thiocarbsnilide for
basiec selutians, it can be seen that they are very similar, The
degree of similarity is brought out even more by Table II, It
therefore can be concluded that & certain degree of oxidation

has taken place,
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TABLE I
Values of 8 and wavelengths for maximum absorption peaks.

Complex
Detected Aoiﬁ Neutral Basic

~3 o- g
G, xto M G, X0 L YN Qkxlo‘s Laa ¥ S

(1) ™igearbenilide --- 13.8 257 15,2 257 18,2 253
‘ | 23,4 250 24,9 280

(2) A yes
(3)'1""_ ? ana ol 15.0 265 9.5 956
(4) ,La?ff" md T yes 18,0 250 6.7 253
{58) Ce++f+,and yes 2 15.7 255 _16;3;;l255
(8) m“* ang T 7 14.4"_]__‘ 262 18,8 252 18.5;'}‘ 259
T (Oraph XVI)ow | Swbsgle N6.2  BAB . baweaie
(7) Pe** ana 7 no 16,0 255 16,4 255  £2.0 259
(8) Fe™* " ana T me  17.4 256 17,5 255 25,5 @52
(9) ¢a** ena T ne 15.6 265 16,5 255 20,0 252

At

(10) ax and T ne 15,2 283 15.2 2638 19,8 252

o TABLE II
Values of &, snd wavelengths for minimum absorption {in basic
: solutions)

Qh_% {o~ V\\}k

Diphenylthioures 13,7 230

Diphenyluresa 8.0 225 (Max, -18.4, 252)

Pe' T 13.2 225

R 12.4 225

ca®” 7T - 12.8 232

+++ '
Al T 10.8 222

T # « Denotes thiocarbanilide and cation in 1:1 molar ratio



DISCUSSION (cont,)

0f the metals which form complexes 1t has been noted that
in acld and neutral solutions there has been an increase or no
change within the experimental error and a decrease in basic solu-
tions of the molar ahao§haney index. Silver however showed an
increase in basic solution, The'apeetrum is however similar to
that of diphenylurfa in the large difference between the maximum
and minimum pesks. The explunﬁklan for this discrepsncy mey be
that partisl oxidation has teken place. Since Ce”™"" i a

stronger oxidizing sgent than Fe'’ , Ca™"

etc., the reason why
oxidation does not take place in basic solution with Ce ™' 7 must

be that complex formstion interferes with the oxidation, This 3
would be the sesme for the other complexing lons.

The explanation for complex formation may lle in the faect
that en addition compound is less stable the smaller the ionie
radius of the cation, (7The Experimental evidence in support of
this statement is the separation of the rare earths by ione
exchange colums) (27).

The oxidation snd éawplexing explaing the difference in
spectra between Fo*%, Fo™™", Ca”", A1""" and La™"", m*, AG.*;
ce* ™", other glight differences mey be attributed to differences .
In the extent of oxidetion, stebility of eamplexau,‘and chara-
eteristie properties (e.g., mass) of the cations.

However, gold does not fall into this pattern. Gold exhibits
no couplex formation of any stabllity, no oxldation to sny extent
yet its' ionie radius 1s larger then La or Ag and it is a stronger
oxidizing agent than for example Aa+“**or Gi*+} The information
that hes been obtained offers no ressonsble explenation for this

phenomenea,
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SUMMARY

The question of resonance structures of thioecarbanilide

for ground and exclited states was mentioned but no attempt
to clarify the praglom was attempted since the maln Interest
of this work was to determine the analytical applicability
ef thiacarbanllide for cations in the ultravlolat resiun of
the-apoatrum. : :
Hpan oemparing the vaveleﬂgthu.or meximum molar sbsorbaney

1ndax for the various apectra no large displacement of uny

‘valu@ ‘was found.

By o;id;zing.thiocurbanilidtho diphenylurea by meens of
-+~

Naglp in sn alkeline medimm it hes been shown that Fe'”,

Fe**", ca”" and M1*7” also ceuse oxidation to take place,

'Thu extent of the oxidntian was not determined, This
'wauld‘gxplain the variatian,;n spectra for these basic #al.

"uﬁiana.' It has also been asssumed that the diserepancy for

Ag s compared to the other complexing agents in basie
solution 1s due to partial oxldestion of thiocarbanilide,
The complexes formed were explained by the fact that the
larger the lonic radius the greater the stability of the
eddition compound. » ’

Gold has prwvod'to be an ezbébtian from the date obtained
end no ciplanntion is offered st this time.

The spectra for the non-complexing lons are not additive
because although there may be a certsin degree of addition,
the instabllity ratio is probably large.

Loh end Dehm state that in snhydrous solvents (aleohol,
methylethyl ketone or toluene) definite additive compounds
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SUMMARY (cont,)

are formed., It would be interesting for future work to
investigate the spectra of thlocarbenilide and various

cetions using these solvents,

-a
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APPENDIX

Resonsnce Structures of Thiocarbanilide at various pH's,
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