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INTRODUCTION

There is 2 close rclationship betwesn the elements in
the horizontal series of Group VIII of the periodic table.
Likewise, there is a2 similar relationship betweén the ele-
ments in the vertical series of the same group; These ele-
ments differ from each other in the filling of the 34, Ld,
and 53 orbitals. The nine elements of this group represent
a miniature periolic table.

The maximum valency of the elements decrease from the
bottom to the top of the vertical series and from the left
to the right in a norizontal series. Thus, osmium has the
greatest velency and nickel has the least. Table 1 illus-
trates this property with the fluorid§ compounds of this

group.

Table 1. Fluoride compounds of the group VIII elements

FGFB ' COF3 Hin
RuFS. RhFu PdF3
OSFB II'Fé PtFLI.

The first vertical series consisting of Fe, Ru, and
Os form stable isomorphous complex cyanides. They also fofm
highly colored reversible compounds with 1,10-phenanthroline,

bipyridine and terpyridine.



2otk the 1,10-phenanthrolire,

-0

anc the 2,2'-bipyridine,

act as a bidentate molecule, the nitrosen atoms in each
molecule coordinating with the metal to form a five-membered
ring, so-called chelate ring (3).

2,2',2"-Terpyridine,

-0

acts as a tridentate ligand in coupling with metals, all
three of the nitrogen atoms being attached to the metal.
The two molecules of the base lie at right angles to each

other in these metal compounds.

/l




A1l three mewcers of the iron triad, iror, ruthenium
and osmium, 2ave been found to form steble bivalent and tri-
valent compounds wita 1,10-phenanthroline, Z2,2'-bipyridine

and 2,2',2"-terpyridine. 1In the case of the 1,10-pnensn-

threline and bipyridine, the combtining retio is one atom of

"1

metal to three of hase: e(l,lO—phen)3++, Ru(l,lO—phen)3++,

+, Ru(2,2'-bipy)3++, and

Os(l,lO-phen)3++, Fe(2,2'-bipy)3+
Os(2,2'—bipy)3++. There sre clso sorme evidences of the exis-
tence in solution of compounds in wiich one and twc molecules
of base are coribined with the metal.

In the cacse of the 2,2!',2"-terpyridine, the combining
ratio is one to two; these compounds have not teen studied
as extensively as those of the thenanthroline and ovipyridine.

The iron derivatives of 1,10-phenanthroline and 2,2'-
bipyridine were first observed by Blau (2). The ferrous cou-
pounds are intensely red in color and are oxidizea to thne
ferric compounds wnich are blue in color. This color change
1s reversible a2nd the compounds have been-used 2s oxidation-
reduction indicators. The reduction potential at which the
color changes occur has been measured.

A11 of the compounds of iron, ruthenium and osmium with
1,10-phenanthroline, 2,2'-bipyridine and 2,2!',2"-bipyridine
and 2,2',2"-terpyridine are_highly colored zand nave been‘

investigated as oxidation-reduction indicators.



1,10-Phenanthroline and feiated compounds have been
utilized as colorimetric reagents for iron and ruthenium.
They have been used to sequester or mask iron in chemical
analysis and in certain commercial preparations. 7They are
even of some interest in biochemistry.

The work to be described in thls thesis deals witn com-
pounds formed by the elements of the iron triad end with
pyridyl compounds closely related to the 2,2'-bipyridine
and 2,2',2"-terpyridine. The various polyoyridyls studied
~in this work are derivatives of 1,3,5-triazine in which one
to three pyridyl groups have been introduced into the tri-
azine ring in such position as to make chelate ring forma-
tion with metal atoms possible. These pyridyl-substituted
triazines were first prepared ty Dr. Francis Case (&) of
Temple University. They have the following structures:

2,L,6-Triamino-1,3,5-triazine-(lelamine)

H) Hy

H,

2,4-Diamino~-6-(2'-pyridyl)-s-triazine

Ha,.

Hy,



Diemino-h!'-ethyl-2t -pyridyl-s-triezine

NH,

Diamino-lit -phenyl-2! -pyridyl-s-triazine

S
-y

Hy

2-Amino-li,c-bis(2f-pyridyl)-s-triazine

2-Amino-L,6-bis(L!-ethyl-2!'-pyridyl)-c-triazine
Colls



2,L4,6-Tris(2'-pyridyl) -s- criazine (TPTZ)

L
OO

2,b,6-Tris(Li'-methyl-2' -pyridyl) -s-triazine

c143
\ H
OO
Tripyrimidyl-s-triazine

The iron derivatives of these compounds except those
formed with 2,4,6-tris(li'-methyl-2'-pyridyl)-s-triazine and
tripjrimidyl-s-triazine were studiec by Buchanan, Diehl and
Smith (5) who recorded their spectra, combining ratios, and
molar extinction coefficients. The nature of the iron deri-
vative of Z,h,é-tris(Z'-pyridyl)Qs-triazine was investigated
by Collins, Diehl and Smith (12). They studied also the uée
of 2,l,6-tris(2'-pyridyl)-s-triazine as a‘cblorimetric reé-

gent for the determination of iron.



Tais thesis extends the study of these compounds ©o
the other members of ‘the iron triad, namely ruthenium and
osmium, and the use of their derivatives as oxidation-

reduction indicators.



PART T. IRCK COMPOTULDS

Historical Background

The Austrian chemist, Pritz 3lau (2), was the first to
synthesize l,lO-phenanthrbline and 2,2'-bipyridine. e ob-
served that these compounds form highly colored cormpounds
with ferrous iron. At & considerabl; later reriod these com-
pounds were utilized as colorimetric reacents for the deter-
mination of iron.

The ferrous salts of 1,10-phenanthroline andé 2,l'-bi-
pyridine have been observed to be oridized reversitly to the
- correszonding ferric compounds. The system,

Pe(1,10-phen)3*** 4+ e~ = Fe(1,10-phen)3™”
has a formal reduction potential of 1.06 volts as reportéd
by Hume and Xolthoff (25). Snith and Richter (27,29) have
reported the formal-potential of the iron tris(2,2'-bi-
pyridine) system és 0.97 volt. This compound has been used
2lso as an oxidation-reduction indicator.

The iron(II) derivative of 2,2',2"-terpyridine has an
intense purple color and has been used in the colorimetric
determination of iron in seaz water and in marine plankton
(13). It is oxidized to a green ferric compound but the lat-
ter passes readily back to the iron(II) state. The formal

reduction potential has been reported to be 0.927 volt (22).
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The iron derivatives of various pyridyl-substikuted-s-
triazines were studied by Buchanan, Diehl and Smith (5).
Iron and these dipyridyl and tripyridyl compounds react in
the ratio of one to two. The third pyridyl group of the
tripyridyl-s-triazine compounds does not become attached to
the iron atom. One triazine compodnd in particular, 2,4,6-
tris(2'-pyridyl)-s-triazine, proved to be a particularly
good reagent for the spectrophotometric determination of
iron and was investigated in detail by Collins, Diehl_énd
.Smith (12). The ferrous derivative, Fe(2,},6-tris(2'-py-
ridyl)-s-triazine)2++, is intensely blue in cblor, the molar
extinction cogfficient being 22,600 at 593 QP., the wave-
length of maximum absorption. The ferrous derivative is
“extractable into nitrobenzene., Applications of this reagent.
were developed for the determination of very small amounts
of iron in sea water (10), in limestone, silicates and re-
fractories (12), and in wine (11).

In the prgsent work, the knowledge of the iron deriva-
tives of various pyridyl-substituted triazines is extended
by an investigation of their oxidation-reduction charécter-
istics. The behavior of two triazines not earlier available
is also reported.

The formal reductlon poﬁential of the ferrous derivative
with 1,10-phenanthroline was firét determiﬁed by Waldén,

Hammett, and Chapman (32) and modified later by Hume and
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Kolthoff (25). They used the potentiometric method by em-
ploying a'potentiometer, and a go0ld =nd saturated quinhfdrone
electrodes in 1 M sulfuric acid. The reduced form of the
indicator whose potential is to be studied is titrated with
ceric sulfate as oxidizingz agent and the potentials are read
as small amounts of the titraht are added.

The colorimetric-potentiopoised solution method was
devised by Smith and Banick (2Z). The colorimetric formal
reduction potentials of some of the iron(II) compounds of
the 1,10-phenanthrolines were determined by preparing poten-
tiovoised solutions from vanadyl chloride. The. formal poten-
tials of the vanadyl-vanadate svstem in 1 F to 8 F sulfuric
acid have been studied by Smith and Richter (29). For the
half cell reaction,

Vo3~ + L EF + e- = Vot + 2 H,0
the E° = 1.10 volts. The solutions conteined an equimolar
vortions of vanadium(IV) and vanadium(V) mixed together.
The potential of the vanadyl-vanadate éouple will‘depend
upon the hydrogen ion concentration, as may be seen from
the zbove equation. That is, an increase in the acidity

will affect the potential according to

E = E° + 0.059 log i!%e%%é?fl&

'The term potentiopoised is used to refer to a solution which

resists a change in potential upon the addition of an
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or ruducing a~ent, and is anzlosous to acid-base

(o]
}
| id
Q.
| id
[N
j=to
3
3

bulffer systems. Such a solution is "buffered™ with respect
to potential rather than to hy aroben ion concentration. In
this way, the =zddition of anothexr coxidstion-reduction systen,

such

]

&8s an ind icatér, does not chanre the potsntizl of the
vanadyl-vanadate couple. Tnus'one een deteraine the E° of
an indicater by addin~ a2 few drops of tihe indicator solution
to a series of v»otentionecised sclutions cf varying acid con-

centrations znd otserving the point =zt which the indicator

chanres color.
Determninztion of Pormal Reduction Potentials of tne Iron(II)
Compounds by the Colorimetric liethod

Materials

2,b,6-Triamino-1,3,5-triazine-(lielamine) Obtained

from the American Cyanamid Corpany. K.P.: 252-23L7 C. A
1.000 x 10-3 H‘solution irn water conteining o few drops of
hydrochloric acid was prepzred.

2,li-Diamino-6-(2!-pyridyl)-s-triazine Obtzined fron

F.Case. #.P.: 297° C. (5) A 1.0273 x 1072 K solution in
uater conteining a little hydrochloric acid wes prepared.

Diemino-ltt-ethyl-2!'-pyridyl-s-triazine Obtained from

P.Cese. M.P.: 2622:7° C. A 1.000 x 10~3 M solution in wa-

ter containing 2 few drops of hydrochloric scid was prepared.



12

Diamino-lit -phenyl-2!-pyridyl-s-triazine = Cbtained

from F.Case. M.P.: 26L-265° C. A 1.008 x 1073 M solution
in water was prepered with a few drops of nydrochloric acid.

2-Amino-lL,6-bis(2!'-pyridyl)-s-triazine Obtained

from ®.Case. K.P.: 306-307° C. A 1.02h x 1072 M solution
In water containing a2 few drops of hydrochloric acid was

prepared.

2-Amino-L,b6-bis(li'-ethyl-2!'-pyridyl)-s-triazine
Obtained from F.Case. N.P.: 334-3350 C. 4 1.013‘f 10-3 H
solution in water containing a few drops of hydrochloric
acid was prepared. |

2,,6-Tris(2!'-pyridyl)-s-triazine This reagent was

obtained from The G. Frederick Smith Chemical Coc. The melt-

ng voint was found to be 2112-243° C. The melting point was

| i

reported by Case (8) to be 2LL-2);5° C. and by Collins (3) to
be 21;2-2113.5° ¢. A 1.0005 x 10”2 i solution of the compound
in water contaihinr a little hydrochloric zcid was prepared.
.Aliquot vportions were taken from this solution to prepare
more dilute solutions.

2,b,6-Tris(li'-methyl-2!'-pyridvl)-s-triazine Obtained

from F.Case. M.P.: 197-198° C. A 1.167 x 1073 K solution
in water containing a little hydrochloric acid was prepared.

Tripyrimidyl-s-triazine Obtained from #.Cace. #.P.:

about L450° C. A 1.000 = 10=3 ¥ solution in water was pre-

‘pared containing a few drops of hydrochloric acid.



13

1l,10-Phenanthroline This reagent wes obtained from

The G. Frederick Smith Chemical Co.

Hydroxylemmonium chloride A ten per cent solution

of hydroxylammonium chloride was prepared whenever needed

so that a fresh solution was always used.

Preparation of the iron derivatives of polypyridyls

Derivatives of iron{(II) with the pyridyl-substituted
triazines were prepared by taking 1 ml. of 1.00 x 1072 M
solutions of iron and adding 3 ml. of 1.0 x 103 M pyridyl-
substituted triaziné. Two ml. of 10 per cent hydroxyl-
émmonium chloride were added to reduce the iron. Zach of
the solutions were treated with 10 ml. of 2 M sodium acetate-
2 M acetic acid buffer, the pH adjusted to 6 with 5 M sodium
hydroxide, and the mixture diluted to the mark of the 50 ml.

volumetric flask.

Recording of spectra and molar extinctlon coefficlent

The per cent transmittancy of the above prepared solu-
tlons were ﬁeasured using the Beckman DU Spectrophotometer
with a 1 em., pyrex cell and water as blank.

The spectra in the visible region of these solutions
were recorded using the Cary Spectrophotometer.Model 12,
with a 1 em. silica cell and water as blank. The spectrum

of ferrous tri(li'-methyl-2!'-pyridyl)-s-triazine chloride is
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shown in Figure 1. The molasr extinction coefficient is
25,500 at 605 %fu.

Ferrous tripyrimidyl-s-triazine was colorless at this
dilution.

No attempt has been made to record the spectra of the
iron compounds ir the ultraviolet regions as these heave al-
ready besn studied by Buchanan (L). The spectra of some of
these corpounds and their molar extinction coefficients have

2lso been studied by Buclt.anan, Diehl and Smith (5).

Starility of the iron compounds

.In order to deternine the stabilit: cf the iron(iI) com-
prounds of the various »nyridyl-substituted triazines, zt room
temverature and. toward lirsht, 2 series of solutions of trese
. compounds vere prepvared. Volumes of i rnl. of 1.00 x lO"3 M
iron solution in different flasks were treated with 3 ml. of
the different bases of concentrations 1.0 x'10-3 ¥, 2 mi. of
10 per cent hydroxylammoniurn chloride,.and 10 mi, of 2 M
sbdium acetate-2 H-acetic acid mixture. The solutions were
diluted to 50.0 ml. The per cent transmission of each solu-
tion was measured in a 1 cm. pyrex cell with water as blank
at the respective wavelengthes of meximum absorbance. The
neasurements were made again after three weeks.

' The results showed that the iron derivatives of 2-amino-

I,6-bis(l? -ethyl) -2 -pyridyl) -s-triezine, 2-amino-k,6,o0is(2t-



Figure 1. The visible spectrum of ferrous
2,4,6-tri(l4'-methyl-2! -pyridyl)-s-triazine chloride.
Cell length: 1 cm.
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pyridyl)-s-triazine and 2,L,6-tris(L4'-methyl-2'-pyridyl)-
s-triezine are stabtle, not decomposing or showine much chenge
" due to sction of light. The ferrous derivetive of 2,L,06-
tris(2'-pyridyl)-s-triazine was not stable. The datec is

shown in Table 2.

Table 2, Stebility of iron compounds

Readings
Fo. Base Wave Pirst Second
- length per cent T per cent T
-
1l 2-Amino-L,6,-bis(l!-ethyl-
21 -pyridyl)-s-triazine 500 66.6 - 67.1
" 2 2-Amino-l,6-bis(2'-pyridyl)-
: s-triazine 500 72.5 71.6
3 2,L4,6-Tris(L'-methyl-2' -pyridyl)-
: s-triazine 605 37.1 38.0
L 2,b,6-Trig(2!-pyridyl)-s-
triazine 595 39.8 . 66.0
Preparation of potentiopnoised solutions
Stock solution: A solution of vanadyl sulfate,

VOSOh.ZﬁZO, woes prepared by dissolving 25.0043 grams of
materizl obtained from Fisher Scientific Companj,.formula4
weight 190.048, in 360 ml. of 0.5 F sulfuric 'acid. The
blue golution wags shaken and alloﬁed to stand overnight.
One hundred ml. of this solution was placed ir a 250 ml.

volumetric flask. Another 100 ml. was trested with 60 grams
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of ammonium persulfate and warmed in a water bath to oxidize
the vanadium to the plus five state. The color changed from
blue to yellow. The excess persulfate was destroyed by boil-
ing. The vanadste produced was mixed with the vanadyl solu-
tion in the 250 ml. volumetric flask and the blue-green
mixture was diluted to volume with 0.5 F sulfuric acid.
Dilute solutions of the desired formal concentration
of sulfuric acid were made out of this stock solution, by
taking a 5 ml. aiiquot, adding the amount of sulfuric acid
ne=ded, and diluting the mixture to & volume of 500 ml. with

delonized water.

>

Formal potentials of the potentiopoised solutions

The formal potentials of the prepared potentiopoised
solutions were determined by taking the voltaze readings of
4o ml. of each of the solutions of the vanadyl-vanadate sys-
tem in varying formality of sulfuric acid, ranging from 0.01
to 7.0 F sulfuric acid. A Leeds Northrup Type K Potentio-
meter and galvanometer and a platinum-saturated calomel elec-
trode were used. The readings were taken when the difference
in the values between successive readings were within 0.001
of a volt in ten minute‘interval. The potentials were con-
verted to the hydrogen scale by.gdding'o.éhé volt, the poten-
'tial of the séturated caiomel electrode, to the voltage

readings.
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The formal potentials of the potentiopoised solutions
are given in Table 3. The values found by Smith and Banick
(28) are elso given for comparison.

A calibration curve was made from the data obtained by
plotting the voltage readings in the hydrogen scale, E° in
volté, against the formality of sulfuric acid. The plot is

showr. in Figure 2.

Colorimetric method of determination of formal potential of

iron(II) derivative

Five ml. poftions of each of the pctentiopoised solu-
tions were placed in ten ml. test tubes. Five drops of 95
per‘cent ethyl alcohol were added to each of the solutions
and 1 or 2 drops of soclutions approximately 0.001 M in the
iron compounds were added. The mixtures were shaken and
after 1 minute the chenges in color were noted. Interpola-
tion between values of formal potentials of the solutions
where the greatest change in color occurred were made.

The results of the experiment are shown in Table L.

Iron Derivatives of Polyﬁyridyltriazine as

Oxidation-redgction Indicators

An attempt was made to use the iron derivatives of the
pbiypyridyltriazine as oxidation-reduction indicators. Ti-

trations of standard solutions of ferrous ethylenediammonium
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Teble 3. Formal potentisls of votentiopoised solutions

Formal- E°(Smith) E°(found) Formal- E°(Smith) E°(found)
ity volts volts ity volts volts
50 lerlde suirave B30, ilerlde sulfate
0.01 - . 0.8 3.5 1.120 1.12,
0.1 0.910 0.91, 3.75 - 1.13¢
0.25 - 0.94g 4.0 1.143 1.1
0.5 0.975 0.983 L.25 - 1.164
0.75  0.993 0.993 4.5 1.182 1.164
1.0 1.008 1.02, 4.75 - 1.18,
1.25 - 1.02g 5.0 1.193 1.185
1.5 1.030 1.0k, 5.25 - 1.19g
1.7 - - 1.057 5.5 1.211 1.204
2.0 1.056  1.06 5.75 - 1.20
2.25 - 1.08, 6.0 1.226 1.21,
2.5 1.089 1.08; 6.5 - 1.223
2.75 - 1;100 7.0 - 1.2
3.0 1.103 1.10),
3.25 - 1.114

sulfate .and sodium arsenite in 1. M perchloric acid were
ﬁade. For the purpose of comparison, similar titrationsv_
were run using ferrous 1,10-phenanthroline sulfate as
indicator. The procedures and results are‘given in the

following pages.



Figure 2. Calibration curve for the potentiopolsed solutions.
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Table L. Formal reduction potentials of the iron(II) compounds

of 1,10-phenanthroline and related compounds

Chemical name: E9(previous) Formality E9(found) - Color change
of compound potentiometric stou colorimetric reduced-

' ’ method method oxlidized
1,10-Phenanthroline chloride 2.0 1.06g orange-yellow
1,10-Phenanthroline sulfate 1.06 (27) 2.0 l.066 orange-yellow
2,4,6-Tris(2'-pyridyl) -s- . . : .

triazine chloride . 2.5 1.085 blue~yellow
2,4,6-Tris(2!-pyridyl)-s-
" triazine iodide - 2.5 1.089 blue-yellow

2-Amino-l,6-bis(l-ethyl-
2! =pyridyl) -s-triazine : ' .
chloride 2.25 1.07, purple-
colorless

2-Amino-l.,6-bis(2'-pyridyl)-
s-triazine chloride : 3.0 1.097 purple-yellow

2,4,6-Tris(l'-methyl-2t -
pyridyl)-s-triazine
chloride 3.0 1.103 blue-
_ . colorless

qce
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Sulfatoceric acid A solution of sulfatoceric acid

was prepared by dissolving 99.7022 grams of ceric sulfate in
168 ml. of concentrated sulfuric acid. This solution was
diluted with 100 ml. of water, stirred, and allowed to stand.
Another 100 ml. of water was added, the solution stirred and
gllowed to stand, and this was repeated until a volume of
1 liter was obtained. The mixture was allowed to stand fof
S days, after which it ﬁas filtered.

Dilute solutions were prepared from this stock solution
' to make the ceric sulfate 1 M in sulfuric acid. The sulfato-
ceric acid solutions were standardized against ferrous ethyl-
enediammonium sglfate using ferrous 1,10-phenanthroline sul-
fate as indicator.

Sodium arsenite The sodium arsenite solution was

prepared from arsenious oxide, National Bureau of Standard
sample No. 83 a, by dissolving 9.8900 grams in 80 ml. of 1 N
sodium hydroxide. The solution was neutralized with sulfuric
acid until slightly acid to litmus. The solution was diluted
to a volume of 2 liters.

This solution was standardized by titrating 25 ml. ali-
quot with standard 0.057L M sulfatoceric acid in 1 M sulfuric -
acid, in the presence of 2 drops of 0.01 M osmium tetroxide
and using ferrous 1,l0-phenanthroline sulfate as indicator.
The concentration of the sodium arsenite éblution was foﬁhd

to be 0.1002 M.
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Titration of ferrous ethylenediammonium sulfate

About 0.50 gram of standard ferrous ethylenediammonium
sulfate was dissolved in 25 ml. of deionized water and 25 ml.
of 2 M perchloric acid. Three drops of 0.002 M ferrous bis-
(2,4,6-tri(2t-pyridyl)-s-triazine) iodide was used as one of
the indicators. The solution wes titrated with 0.057L M
sulfatoceric acid in 1 M sulfuric acid. The color change was
from dark blue, which disappeared early, through gréyish—
green to a dark &ellow color. The end point was taken as
the abrupt appearance of a dark yellow color. The titration
was compared with one using 3 drops of 0.002 M ferrous 1,10-
phenanthroline sulfate as indicator. |

Another titration was studied using a solution indicstor
of ferrous bis(2,4,6-tri(l!-nethyl-2'-pyridyl)-s-triazine
chloride which was prepared as follows: Twenty ml. of 1.8l
X 10"3 M iron solution was reduced with 5 ml. of 10 per cent
| hydroxylammonium chloride. Twenty-five ml. of 1.0012 x -
10-2 M 2,l,6-tris(2' -pyridyl) -s-triazine was added to the
mixﬁure which had a vefy intense blue color. Fbur,drops’of
this solution indicator were used in the titration, the end
| boint changing from deep blue, through grayish-green to yel-
low. The appearance of a dark yellow color was taken as the

end point. The results are shown in Table 5.



Table 5. Titration of ferrous ethylenediammonium sulfate using

ferrous bis(2,l,6-tri(2!-pyridyl)-s-triazine) lodide

as indicator

Indicator Weight Ml. 0.0574 M - Weight Per cent Average

used(g) Ce(sou)2 used " found(g) relative per cent
' error relative
arror
Fe(TPTZ)212 0.5010 22,90 0.5015 +0,10
0.500l 22.85 o.500lL . 0.00
0.5010 22.85 O'SOOLI- -0012 "0.0l
Fe (Me-pyr) 501, 0.5005 22.90 0.5015 .  +0.20
, 0.5010 22.90 0.5015 +0.10
0.5006 22.85 0.500L. -0.0l +0,06
Fe(l,lO-phen)3SOu "0,5001 22.80 0.14993 -0.16
0.5015 22.87 0.5009 -0.12

0.5000 22.85 0.5004 . +0.08 ~0.03

T4
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Titration of sodium arsenlte

Twenty-five ml. of standard solution of sodium arsenite
which was 0.1002 M, wes treated with 2 drops of 0.01 M osmium
tetroxide as catalyst, twenty-five ml. of 2 M perchloric acid
and 3 drops of 0.002 M ferrous bis(2,l,6-tri(2'-pyridyl)-s-
triazine) iodide. The titration was compared with one using
” ferrous 1l,l10-phenanthroline sulfate as indicator. Thé re-
sults of the titrations with 0.057l. M sulfatoceric acid in
1 M sulfuric acid are given in Table 6. ' )

PR

Table 6. Titration of sodium arsenite using ferrous

bis(2,l,6-tri(2'-pyridyl)-s-triazine) iodide

Indicator Ml. 0.0574 M Molarity Per cent Average
Ce(SOu)Zused Ce(S0),)o> relative per cent
foung error relative
error
Fe(TPTZ)212 L3.70 0.1003 +0.10
L3.73 0.100L +0.20
L3.73 0.1004 +0.20 +0.16

43.75 0.1005 +0.30
13.75 0.1005  +0.30
Iy3.70 0.1003 +0.10
113.70 0.1003 +0.10 +0.20

Fe(l,lO-phen)Bsou
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Discussion

Cf the compounds of ircn with pyridyl-substituted tria-
zines not investi?atedvbefore, the ferrous 2,l,0-tri(l!-
methyl-2'-pyridyi)-s-triazine rave the hichest moler extinc-
tion coefficient of 25,500 at 605 ﬁpf. Trhe visible spectrum
of this compound is shown in Ficure 1. The Tferrous derive-
tives of 2,l,6-tris(li'-nethyl-2!'-pyridyl)-s-triazine, 2-
emino-b,b6-bis(l!'-ethyl-2'-oyridyl)-s-triazine, 2-amino-l,6-
bis(2!'-pyridyl)-s-triazine are stable to licht arnd ordinary
room conditions in three weeks time.

In the titration expseriment with the iron(II) indicztors,
it was observed that the dark vlue sclutions of ferrous
big(2,l,6-tri(2'-pyridyl)-s-triezine) iodide, znd ferrous
2,,6-tri(lyt -methyl-2!-pyridyl)-s-trizzire chloride decoler-
ized before the erpected end point a2s cormpzreé¢ with the ti-
trations using ferrous 1,10-phenanthroline sulfate as indi-
cator, leaving only 2 pale tlue tinfe whicn rracdually changed
through gray to rellow. The appearance of the dark yellow
tinge, howéver, was'distinct enourh to be o~wserved.

The results of the titration indicatsd that the iron{II)
compounds of the polypyridyltriazines cave satisfactory end
points, the sverare relative error being -0.01 per cent,
usins ferrous bis(2,l},6-tri(2'-pyridyl)-s-triazine) iodide’

for the titration of ferrous iron, while ferroué 2,1,6-tris
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(4t -methyl-2!'-pyridyl)-s-triazine gave an srror of +0.00

ver cent. The relative error of titretion of sodium arsenite

with ferrous his(2,L,6-tri(2'-pyridyl)-s-triacine) iodide

was +0.16 per cent.
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PART II. RUTHENIUM COMPCUNDS

Historical Background

In 1947, Dwyer, Humpoletz and Nyholm (23) prepared
ruthenium tris-1l,10-phenanthroline by reflu;ing an aqueous
solution of potassium pentachlorohydéroxyruthenate with 1,10-
pheﬁanthroline resulting in a greenish-brown solution to
which they added hypophosphorous acid neutralized with caus-
tic soda. This solution was heated and filtered and potas-
sium iodide was added. The solid formed was crystallized
from water. The perchlorate salt was prepared ty adding
perchloric acid to the hot filtrate after refluxing the mix-
ture. The crystals were purified from water. They found
the reduction potential to be 1.29 volts in 1 ¥ nitric acid.

In 1949, Dwyer and Gyarfas (21) found the redox poten-
tial of ruthenium tris-l1,l0-phenanthroline to be 1.17 * .003
volts. At equal acid concentrations, they found the poten-
tiel of the 1,l10-phenanthroline compounds higher than ?he
2,2'-bipyridyl anelogues.

Burstall (6) in 1936, prepared tris-2,2!'-bipyridyl-
ruthenous chloride hexahydrate, Ru(2,2'-bipy)3012.6HéO, by
heating'ruthehium trichloride and 2,2'-bipyridyl at a tempera-
ture of 260° C. for three hours. The mass was cooled and

exfradted with benzene. The residue was dissolved in water,
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filtered from any insoluble material znd crystallized by
evaporation. It was recrystallized from hot weter and dried
over sulfuric acid. He observed that tetrapyridine is formed
as a by-product.

In 192, Steirman, 2irnbaum and Edmonds (30) used the
ruthenium bipyridyl as an oxidation-reduction indicator.
Dwyer, Eumpoletz and iyholm (23) found 2 standerd reduction
potential of 1.33 volts'for the system, '

Ru(2,2'-bipy)3+++ + e” = Rﬁ(2,2'-bipy)3++
blue red
They found that the complete oxidation tcAthe unstable blue
Ru(III) required the use of a nitrate or sulfatoceric acids.

In 1949, Duyer (15) prepared the ruthenium deriVative
of 2,2'-bipyridine by refluxing an aqueous alcohkolic mixture
of potassium pentachlorohydroxy ruthenate, the organic tase
and sodium hypophosphite. The orange needles were recrystal-
lized from hot water and dried over sulfuric acid. They
found the formal potential to be 1.257 volts.

In Part II of this work, the ruthenium derivatives of
various pyridyl-substituted triazines are described. The na-
ture and composition of the ruthenium 2,&,6;tfis(2!-pyridyl)-
s-triazine are reported and its properties compared with the
analogous compound of iroh,‘already studied by Buchenan,

Diehl and Smith (5) and Collins, Diehl, and Smith (12).
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Preparation of Ruthenium Derivative of

Tripyridyl-s-triazine

Materials
The different pyridyl-substituted triaszines used in the
pfeparation of the ruthenium compounds have been described

in the Introduction and in Part I, iron comcounds.

Ruthenium chloride

A stock solution of ruthenium chloride was prepared by
'aissolving 1.0096 rrams of rutheniun chloride, obtained from
the American Platinum Metals Company, in 200 ml. of 10 per
cent hydrochloric acid. |

The ruthenium chloride solution was standardized (1) as
follows: Four ml. aliquot of the stock solution were pipetted
into previously ignited end weirhed porcelain boats. The
solutions were carefully evaporated under an infrs red lamp
to almost dryness. They were placed in a silica tube, about
2 feet long, and hydrogen\gas Qas passed through to displace
the air from the tube for about 20 minutes. The tube waé
gradually heated, electrically, to red heat for about 30
minutes, to reduce the ruthenium chloride to metallic ruthe-
nium. The heaping was stopped and the boat was cooledvin a

hydrogen atmosphere to room temperature. The metal was

weighed to constant weight.
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The stoci solution was found to contain 7.037 mg. of
ruthenium per ml. of sclution, or 6.920 x 1072 M in ruthenium.

Dilute solutions were prepared from this stock solution.

Ruthenium bis{2,L,6-tri(2'-pvridyl)-s-triazine) chloride

A solution of l.OOQh rrams of ruthenium chloride in
water was treated with 10 grams of hydroxylammonium chloride.
To this solution, 3.503 gréms of 2,L,6-tris(2'-pyridyl)-¢c-
triazine was added and a few drops of 6 N hydrochloric acid.
The pH of the solution was adjusted to 5 with 5 M sodium
hydroxide. The solution woces boiled for I hours in a water
bath. The excess tripyridyl triszine was filtered off. The
filtrate containing the ruthenium tripyridyl-s-triazine
chloride was evaporated'down te saturation point after which
the crystals formed were filtered off. The crystals were
again dissolved in a little water and evaporated to almost
dryness in 2 water batik. This was cooled over ice, any li-
quid present was decanted. The crystals were washed with
wster and the excess chloride was extracted with etner. The
ruthenium tripyridyl-s-triazine chloride crystals were dried
over calcium chloride in a vacuum desiccator. Ilielting point:
212-214° ¢.

The ruthenium bis(2,L,6-tri(2'-pyridyl)-s-triazine)
chloride was analyzed for ruthenium by direct ignition as

described below a2nd for chloride as described below. Found:
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Ru 12.53, C1 9.25. Calculated for Ru(tripyridyl triazine),
012: Ru 12.77, C1 8.90.

The ruthenium wes determined by placing about 50 mg; of
the compound in a previouslf ignited snd weighed porcelain
boat. The voat was then placed in a silica tube in the fﬁr-
nace and hydrogen gas was péssed through it for 20 minutes.
The tube was heated for 30 minutes to about 300° C; and then
cooled in the hydrogen stream end'weighed g ruthenium metal.

For the chloride determination, about 50 mg. of the com-
pround was dissolved with water and passzed through a column of
IR-120 in the hydrogen form. The colorless eluate of hydro-
chloric 'acid obtained was titrated with spandard 0.0100 N
silver nitrate, using 5 ml. of 1 per cent dextrin and the

sodium salt of dichlorofluorescein as indicator (1lL).

Ruthenium bis(2,l,6-tri(2'-pyridyl)-s-triazine) nerchlorate

An IR-I400 perchlorste column was prepared by passing
about 500 ml. of 2 If solution of sodium perchlorate dropwise
through a column of IR-L00 in the chloride form. The column
was washed thorodghly with deionized water to remove ahy
excess sodium and chloride ions. Thne presence of chloride
was tested with silver nitrate upon acidifying the eluate
with nitric acid. The sodiunm ions'were tested by the use
of the flame test‘ ‘

Some ruthenium bis(2 L,6 -tr1(2'-pyr1dyl)-s-triazine)

chloride crystals prepared as above were dissolved in a
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little water and stirred overnight with the resin prepared
as desdribed above. The ruthenium solution with the resin
were placecd in the columﬁ and the perchlorate solution was
allowed to flow dropwise through the column. The column
was then rinsed with deionized water. The solution of
ruthenium bis(2,L,6-tri(2'-pyridyl)-s-triazine) perchlorate
which passed through the column and the rinsings were evapo-
rated to dryness in a water bath. The crystals, presumably
Ru(tripyridyltriazine)2(Cloh)2, vere washed Qith ether and .
dried in the vacuum desiccator over calcium chloride. The
crystals started decomposing at about 120° ¢C., ;urned brown '

and were carbonized at 260° C., finally turned white at 300°

C. Melting point. may be above this temperature.

Ruthenium bis(2,L,6-tri(2'-pyridyl)-s-triazine) iodide

To a solution of 1.0000 gram of ruthenium chloride in a
little water was added 10 grams of hydroxylammonium chloride.
To this solution, 3.5006 grams of 2,l,6-tris(2'-pyridyl)-s-
triazine weré added and a few drops of 6 N hydrochloric acid.
Thé mixture was diluted to about 300 ml. with deionized wa-
ter. The pH of the solution was adjusted to 5 with 5 M
sodium hydroxide. The_mixture.was heated over a boiling
water bath for L hours. Any excess tripyridyltriazine was
filtered off. The ruthenium bis(2,l,6-tri(2'-pyridyl)-s-

triazine) chloride solution was agein heated to boiling and



6 rrams of potassium iodide dissolved in water was added te
it. The solution was evavporated down to saturation point.
These crystols were ourified vy extresctine the excess potas-
sium iodide with eéhen using soxhlet extractor Lfor ahout
30 hours. fThe crystals of ruthenium-bis(E,h,b-tri(Z'-py-
ridyl)-s-trizzine) ilodide were dried owvcr cslciw. chloride

in 2 vacuum desiccator. %<ne dark brown, prismetic crys

&

were red by reflected lirht. The compound sterted to deconm-

sose at 120° C., turning tlacl 2t a airher temperature.
As ir the enalysis of ruthenium bis(2,k,o-tri(2'-
oyridyl)-s-triazine) chloride, the ruthenium b
(2'-pyridyl) -s-triazine) iodide wcs analyzed for rutnenium
by direct ignition over =n ctrosprers ol hydrogen and the
iodide was analyced by the adsorption indicator method..
Found: Ru 10.40, I 25.90; cslculzted fér Ru(tripyridyl-
triezine),Io: Ru 10.38, Cl 25.83.
The determination of iodide was carried out by dissolv-
ing about 30 ﬁg. of the sample in water and paséing thé
solution throuch a column of IR-120 resin in the hydrogen

form. The colorless nydroiodic acid obtained was titrated

with 0.0100 ¥ silver nitrate using eosin indicator.
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Nature of the Ruthenium 2,4,6-Tris(2!-Pyridyl)-s-

Triazine Chloride

In order to conpare the properties of the rutheniun
tripyridyl-s-triazine compounds in solution with those of
the solid meterizls in the preceeding section, a study was
made to see if the compound; were the same. Another purpvose

of this work was to see if the system can be used for the

spectrophiotometric determination of rutheniun.

Variastions with pH

A series of solutions contazining the same reagents in
the same concentrations but differing only in pk, were pre-
pared by mixing the following:

5 ml., of a solution which was 1.0197 x 10”3 ¥ in

ruthenium

S ml. of 1.0012 x 1072 ¥ 2,L,6-tris(2'-pyridyl)-s-

triazine -

4 ml. of 10 per cent hydrorylammonium chloride

10 ml. of 20 per cent sodium chloride
The pH of these solutions were adjusted with 5 ¥ sodium hy-
dorxide and 5 ¥ hydrochloric acid to cover the rangce 1 to
10. The mixtures were heated in a boiling water bath for
tvwo hours. When cold, the solutions were diluted to the

50 ml. mark with deionized water and the per cent trans- -

mittancy was read using the Beckman DU Spectrophotometer,
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a l cm. pyrex cell énd a blank. All the per cent transmit-
tancy were read at the maximum absorbance of the respective
solutions.

A tabulated data and results are given in Tevle 7. The
plot of the change in abéorbancy with pE is shown in Figure'3.

'The other mixtures decomposed as the pH wes taken above
'pH 10. The best working rance is tetween pE 4.5 to 8.5 where
the compound is relatively stable.

The absorbance meximum shifts to the lower wave length
as the pH increases and becomes almost constant at 506 mpu

from pH 5 to 10.

Teble 7. Variations with pE of

ruthenium tripvridyl triazine

No. pH Color Per Absorb- Vave Moler
cent ancy length  extinction
T mp coefficient
1 1.02 1light violet 86.8 0.0615 540 603
2 2.09 dark violet 52.1 0.2832 538 2,777
3  2.99  purple 1.6 0.3356 530 8,195
L 3.99 purple 9.0 1.0458 510 10,256
5 5.00 purple 7.0 1.1549 506-510 11,326
6 '6.00 purple 6.5 1.1871 506  11,6h41
7 7.00 purple 5.7 1.2441  506-510 12,201
8- 8.05 purple 6.4 1.1938 506 11,707
9 9.05 red orange 10.4 0.9830 506 9,640 -
10 9.99 red orange 8.2 0.0802 506 8L5




Fipgure 3. Varilation with pH of ruthenium tripyridyl
triazine chloride.
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Conformity to 3ser's Law

4 calibration curve was made 0y preperinc a series of
solutions conteining varying amounts of ruthenium chloride,
containing 1.0197 x 10'3 1 in ruthenium. To the solutions,

2 ml. of 10 per cent hydroxylsmmonium chloride, 25 ml. of
1.0000 x 1073 1 2,Lh,6-tris(2'-pyridyl)-s-triazine, end 10 ml.
of 2C rer cent scdium chloride were added. The pii of the
soluticns was adjusted to about 6 with £ I sodium hydroxide
eand diluted to the neck of =2 50 ml, vclumetric flasii. The
mixtures were heated in ¢ constant bolling water bath for

two hours, cooled and diluted with water to the mark.

The per cent transmittancy was reecd a2t 506 mw , using
water as blank end 2 1 cm. pyrex cell, ‘The molar extinction
coefficient obtained from tuis grapn waes 11,000. This cali-
bration curve shows that sriell amounts of ruthenium can be
determined using trioyridyl triszine zs o colorimetric reac-

[

gent. =Zeer's lew is followed a2t shown by the straipnt line

plot. The data is civen in Tavle 8., and the plot of the

absorbancy verczus the concentretion of ruthenium is riven

in Firure L.

Svectrophotometric titrztion

To determine the ratio of ruthenium to 2,lL,0-tris-(2°'-
pyridyl) -s-triazine in the compound, a spectrophotomefric
titration wes mede using L ml. of 1.0005 x 1073 ¥ 2,lL,6-tris-

(2'-pyridyl)-s-triazine, 2 ml. of 10 per cent hydroxylammoniun
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Table 8. Calibration curve for

ruthenium tripyridyl trieszine chloride

No. Ml. Ru =C= Ru in _50 ml. Per cent Absorbancy

x 10t5 M T
1 0 0 99.3 0.0031
2 1 2.0l 58.8 0.2306
3 2 L,.08 33.9 0.4698
L 3 6.12 20.5 0.6882
5 I 8.16 11.5 0.9393
6 5 10.20 . 6.8 1.1675

chloride, 5 ml. of 20 per cent sodium chloride, and varying
amounts of rutheniu@ chloride solutions which was 1.73 x
10‘” M in ruthenium. The pH of the solutions were adjusted
to 6 with 5 M sodium hydroxide. The mixtures were hested

in a constant boilihg water bath for 2 hours, cooled to room
temperature and diluted to the 50 ml. mark with delonized
water. The per cent transmission were read using 2 1 cm.
pyrex cell, at 506 mu and water as blank.

The plot of absorbancy vs. the ml. of ruthenium solution
is shown in Firure 5. The curve is rounded in their neigh-
borhood of the end-voint and extrapolation of the linear por-
tioﬁs cive an endrpoihf at the_ratio Ru to triazine of 1 to
2.02. A ratio of 1 to 2 gives the best exflanation of the
data but it is apparent that the formstion constant is not
great and that a éignificant excess of triazine is needed to
.COnﬁert the ruthenium to the colored compound. The data is

given in Table 9.



Figure li. Calibrastion curve for ruthenium bis(2,lj,6-tri-
(' -pyridyl)-cs-triazine chloride.

VWiavelength: 506 g Cell length: 1 cn.
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Table 9. Spectrophotometric titration of

tripyridyl-s-triazine with ruthenium

No. Ml. of REL === Ru X 10+5 M Per cent Absorbancy
"M

1.73 x 10 in 50 ml. T

1 0 0 100.0 0

2 2 0.692 87.1 0.0600
3 b 1.38L 75.9 0.1198
L 6 2.076 67.0 0.1739
5 8 2.768 60.1 0.2211
6 10 3.1160 56.7 0.246l
7 12 L.152 55.2 0.2581
8 1l L.8Ll 52.14 0.2807
9 16 5.536 50.0 0.3010
10 18 6.228 L8.8 0.3116
11 20 6.920 L8.0 0.3188
12 22 7.610 48.1 0.3279
13 2% 8.30L L7.0 0.3279
1l 2 8.996 45.6 0.3410
15 28 95,688 L6.0 0.3372
16 30 10.380 45.1 0.3458
17 32 11.072 I .0 0.3565

Determination of composition by the method of continuous
variatioﬁs |

To examine further the combining ratio of ruthenium to
tripyridyl triazine in the compound, another method, Job's
method of continuous variations (31), was'employed.

Into each of sixteen 50 ml. volumetric flasks was placed
from 0-15 ml. of a solution which was 1.0197 x 10~3 M in
ruthenium increasing in increments of 1 ml. 1.0005 x lO"3
M solution of 2,&,6-tris(2'-pyridyl)-s-triazine was added
to each solution so that the total volume of the two solu-

tionsvin each flask was 15 ml. The ruthenium chloride was



Figure 5. Spectrophotometric titration of
tripyridyl triazine with ruthenium, ‘
Wavelength: 506 mp  Cell length: 1 cm.
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reduced by the addition of 2 ml. of 10 per cent hydroxyl-
ammonium chloride. Ten ml. of 20 per cent sodium chloride
solution was added to adjust the solutions to essentially
equal ionic strength. The pH of the solutions were adjusted
to 6 with 5 M sodium hydroxide. The mixtures were diluted
up to near the neck of the flask and heated in a constant
boiling water bath for 2 hours to develop the color fully.
When cooled, the volume was taken up to the mark with de-
ionized water.

The absorbancy was measured at 506 mp using a 1 cm.
pyrex cell and water as blank, The ebsorbancy was plotted
arainst the mole fraction of'ruthenium éfter correcting for
the differences in concentration of the ruthenium znd the
2,h,6-tris(2'-pyridyl)-s-triazine solﬁtions, and the fact
that one of the solutions, ruthenium chloride, was originally
colored. The data is given in Table 10 and the graph is
shown in Figuré 6. Tne peak is sharp and leaves no ques-
fion that the combining ratio is definitely one futhenium

atom to two molecules of 2,L,6-tris(2!'-pyridyl)-s-triazine.

Absorption spectra

Visible spectrum of ruthenium bis(2,l,6-tri(2!'-pyridyl)-

s-triazine) chloride A solution of ruthenium bis(2,l,6-

tri(2'-pyridyl)-s-triazine) chloride was prepered by mixing
3 ml. of 1.0197 x 10~> M ruthenium chloride solution, 10 ml.
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Table 10. Continuous variations study of

ruthenium(II) with tripyridyl triazine

Yo. Mli. Ru Ml. TPTZ Mole Per cent Absorbance
fraction T (corrected)
Ru
1 0 15 0 96.0 "0
2 1 1L L0662 59.0 2121
3 2 13 .1356 37.3 1133
ly - 3 12 .2030 25.5 .5795
5 I 11 .2700L 16.8 L7617
6 5 10 .3376 13.0 .3751
7 6 9 4LoLs 12.0 .9098
8 7 8 14710 1L.3 L8307
9 8 7 - .5380 18.0 L7347
10 9 6 .6040 22.6 .6359
11 10 5 .6770 30.0 .5139
12 11 Ly .7360 38.2 11099
13 12 3 .8030 LS.l .3082
1l 13 2 .3690 62.0 .2016
15 1L 1 .9350 79.3 .0987
16 15 0 1.0000 98.0 0

of 1.0005 x 10~3 M 2,l,6-tris(2'-pyridyl)-s-triazine, 2 ml.
of iO rer cent hydroxylammonium chloride aﬁd 10 m1. of 20
per cent sodium chloride, in a2 50 ml. volumetric flask. The
PH of the solution was adjusted to 6 with 5 M sodium hydrox-
ide. Yater was added up to the neck of the flask, and the
mixture was heéted in & constant boiling water bath for two
hours to develop the color fully. On cooling, the mixture
was diluted to the mark with water.

The spectrum of this soluﬁion was obtained using

the Cary Spectrophotometer Model 12, a 1 cm. silica cell

and water as blank.



Figure 6. Continuous varistions study of ruthenium (II)
with tripyridyl triazine.

Wave length: 506 mp Cell length: 1 cm.



50

1.2

.0

|
© ©
o

AONVEH0SaY

04
0.2

8

MOLE FRACTION OF RUTHENIUM

6

49

2




51

The spectrum showed & maximum absorbance at 506 mp
which is shown in Figure 1, letter D.

Ultraviolet spectrum of ruthenium bis(2,l,6-tri(2!-

pyridyl)-s-triazine) chloride A solution containing

S ml. of 1.698 x 107+ ¥ in ruthenium, 5 ml. of 5 per cent
hydroxylammonium chloride, 10 ml. of 1.0 x 102 M 2,l,6-
tris(2'-pyridyl)-s-triazine was prepared by boiling in- a
water bath for 2 hours. The pH of the mixture was 6. When
cooled, the mixture was diluted to 100 ml. Cne ml. aliquot
of this solution was diluted 272in to a volume of 100 ml.
with deionized water. The solution then contained 8.49
b o 10'8‘M ruthenium. '

The sbectfum of this solution was run ir the ultra-
violet region using the Cary Spectrophotometer Model 1l,
a 1 cm. silica cell and water as b»lank.

The spectra showed two peaks, éne‘at 230 mp and anbther

higher peak at 280 my . The spectrum is shown in Figure 7.

Extraction into nitrobenzene

A solution of 15 ml. of ruthenium chloride, which con-
tained 1.73 X lO'h Min rutheniumvwas placed in a 100 ml.
volumetric %lask. Four ml. of 10 per cent hydroxylammonium
chloride wes added as reducing agent and 1 ml. of 1.0012 x
1072 M of 2,4,6-tris-(2' -pyridyl)-s-triazine was added as

complexing agent. Twenty ml. of 20 per cent sodium chloride



Figure 7. The ultraviolet spectrum of
ruthenium tripyridyl triazine chloride.
Cell length: 1 cm.,
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was added and the mixture was diluted with water up to thg
neck of the flesk. The pH of the mixture was esdjusted to
6 with 5 M sodium hydroxide. This was boiled for 2 hours
over a water bath, cooled and céiluted to the mark with
deionized water.

Ten ml., portions of.this soiution were extracted three
times with 7 ml. of nitrobenzene, each time, and placed in
a 25 ml. volumetric flask. Different amounts of sodium per-
chlorate solid were added during the extraction. The ver

-cent transmission was read arainst pure distilléd nitro-
benzene 2s blank at 512 qu. The per cent transmissidn of
the original solution was also read st 506 ny» arainst water
as blank.

The dafa obtaiﬂed are given in Table 11. A plot of
molar extinction coefficient vs. the number of grams of
sodium perchlorate used is given in Figure 8.

Iron if present in the sample to e analyzed cean be
removed from the solution by precipitation in alkaline medium
and subsequent filtration, followed by the reduction of the
ruthenium and addition of the triaszine as complexing agent.
Ir iron is present in small quantities,.it can be remo&ed
by using bathophenanthroline and isoamyl alcohol. Extraction
will eliminate interferences from iqps not soluble in

nitrobenzene.



fable 11, Extraction of ruthenium trioyridyl

triazine into nitrobenzene

Solutions Grens Per cent Absorbancy tolar
IaCth ny» iy extinction
added coefficient

(apparent)

1. original

water soln, O 06 =5.0 0.2596 10,000
2. nitrobenzene 0O 512 9.0 0.0506 1,870
3. " 0.1 512 73.8 0.1319 12,700
L. " 0.5 512 60.6 0.1765 17,000
S. " 1.0 =12 05.7 0.1324 17,570
O " 2.0 812 oh 0 0.1935 13,670

The nlot shows that the sodium perchlorate effects an

increase in tne amount of ruthenium bis(2,L,6-tri(2'-pyridyl)

s-triazine) chloride extracted into the nitrobenzene.

mount of the rutnenium compound almost doubles upon addition

of 2 grams of the sodium perchlorate., Three extractions were

made of each solution, the residuzl aqueous solution was es-

sentially colorless, and the effectiveness of the extraction

is recorded as an "apparent" moler extinction coefficient.

It is possible that the sodium verchnlorate pushes the ru-

thenium compound out of the aqueous layer, a sort of "salting

out" effect, and the ruthenium compound enters the nitro-

benzene layer with the sodium perchlorate to form ion pairs

and thus increase the molar extinction coefficient. With

2 zrems of sodium perchlorate almost all-of the ruthenium

The a-



Figure 8.

The effect of sodium perchlorate salt on the

molar extinction coefficlient of ruthenium tripyridyl
triazine when extracted into nitrobenzene,

Wave length: 512 s Cell length: 1 cm.,
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compound is extracted into the organic medium, as seen from

the plateau in the curve.

Reactions of Other Derivatives of Pyridyl-substituted

Triazines witn Ruthenium

Preparation of solutions

Solutions of the ruthenium derivatives of the various
pyridyl-substituted trieszines available were prepsred by mix-
ing varying amounts of a2 standard solution of ruthenium
chloride and more than three times as much of each of the
different pyridyl-substituted triazines in a 50 mi. volu-
metric flask. To ecch of the mixtures, 2 ml. of 10 per cent
hydroxylammonium chloride was added to reduce the ruthenium
to Ru(II) and 10 ml. of 20 per cent sodium chloride to main-
tain a constant ionic strength of the solutions. The pE of
each of the solutions vere adjusted to about 6 with 5 M
sodium hydroxide. The mixtures were diluted with deionized
water up to near the neck of the flask. These solutions
were heated in a constant boiling water bath for two hours
to fully develop the color. When cooled to room temperature,
they were diluted to the mark with deionized watef. |

The amount of ruthenium and pyridyl-substituted triazine

used for the different solutions are given below.



Solution A: 5 ml. of 1.003L x 104 i in ruthenium

2 ml. of 1.00 x 10-3 1 in reagent triazine
B: 10 ml., of 1.003L.x 10~ ¥ in rutbenium

5 ml. of 1.00 x 10-3 ¥ in reagent triszine
C: 2 ml. of 1.0197 x 10-3 K in ruthenium

10 ml. of 1.00 x 10-3 M in reagent triazine
D: 3 ml, of 1.0197 x 10~3 ¥ in ruthenium

10 ml, of 1.00 x 10-3 ¥ in reagent triazine
E: 2.5 ml. of 1.0197 x 10-3 ¥ in ruthenium

8,0 ml. of 1,00 x 10-3 I in reagent triazine

Absorption spectra and molar extinction coefficient

The spectra of the ebove prepared solutions of the dif-
ferent ruthenium derivatives of polypyridyls were recorded
in the visible region with the use of the Cary Spectrophoto-
meter iiodel 12, 2 1 cm, silica cell and water as blank,

The spectra of these solutions are shown in Figures 9 to 1€,
The spectrum of the ruthenium derivative with 1,10-phenan-
throline has been studied oy 2anks and 0'Lauchlin (1).

The per cent transmittancy of each of thé solutions was
read with the Béckman DU Spectrophotometer, a 1 cm. pyrex
ééll and wéter as blank, From these data, the mblar extinc-
tion coefficients were computed, The results are given iﬁ

Table 12,



Figure 9. The visible spectra of ruthenous bis(2,l}-diamino-
6-(2'-pyridyl) -s-triazine) chloride.
Cell length: 1 cm,

A =1.00 x 10~° M ruthenium
B =2,00 x lO'5 M ruthenium
¢ =L4.08 x 1075 N ruthentum
D = 6,12 x 10"5 M ruthenium
E = 10.197 x 10”2 M ruthenium
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Figure 10. fThe visible spectra of ruthenous bis(diamino-l!'-ethyl-
2t -pyridyl-s-triazine) chloride.
Cell length: 1 cm.

A =1.00 x 1075 M ruthenium
B = 2.00 x 10‘S M ruthenium
¢ = 1.08 x 1075 M ruthenium
D = 6.12 x 10~ M ruthenium

E = 10.197 x 10~2 M ruthenium
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Figure 11l.

The visible spectra of ruthenous bis(diamino-l!-
pﬁenyl-Z'-pyridyl—s-triazine) chloride.

Cell length: 1 cm.

A‘= 1.00 x lO"5 M ruthenium

2.00 x lO"5 M ruthenium

L.08 x 105 M ruthenium
6.12 x lO'S M ruthenium

B
C
D
)

10.197 x lO"5 M ruthenium
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Figure 12. The visible spectra of ruthenous bis(2-amino-lj,o-bi
(2'-pyridyl)=-s-triazine) chloride.
Cell length: 1 cm.

1.00 x lO"S M ruthenium

A =

B = 2.00 x 10-2 M ruthenium
C =4.08 x lO"5 M ruthenium
D = 6.12 x lO"'5 M ruthénium

10.197 x 10~° M ruthenium

=
Il
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Figure 13. The visible spectra of ruthenous bis(2-amino-l,6-
bi(lt-ethyl-2'-pyridyl)-s-triazine) chloride.
Cell length: 1 cm.

1.00 x 10"5 M ruthenium

A=

B =2.00 x 10'5 M ruthenium

¢c =14.08 x 10=% 11 ruthenium
D = 6.12 x 10-2 M ruthenium
E = 10.197 x 10~> K ruthenium
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Fipure 1.

The visible spectra of ruthenous bis(2,hL,6-
tri(2'-pyridyl)-s-triazine) chloride.
Cell length: 1 cm,

_r
1.00 x 1077 I} ruthenium

A=

B =2,00 x J_O"5 M rutheniunm

C =1,.08 x 10"5 M ruthenium
D = 6.12 x 10~ M ruthenium
E = 10.197 x 10~% M ruthenium
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Figure 15. The visible spectra of ruthenous bis(2,4,6-tri-
(4Lt -methyl-2!' -pyridyl)-s~triazine) chloride.
Cell length: 1 cm.

1.00 x 10~5 M ruthenium

A=

B = 2,00 x 10"5 M ruthenium

C = L.08 x'lQ"5 M ruthenium
D =6.12 x lO"5 M ruthenium
E = 10.197 x 1072 M ruthenium
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Figure 16. The visible spectra of ruthenous
bis(tripyrimidyl-s-triazine) chloride.
Cell length: 1 cm.
A = 1,00 x 10'S M ruthenium

= 2,00 x 10‘S M ruthenium

L.08 x 10~> M ruthenium

o o w
il

= 6,12 x 10"5 M ruthenium

5
10.197 x 1077 M ruthenium

=
I
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Ruthenium does not yield a colored compound with mel-

ne which has three amino groupns sttached symmetrically

1

am
to the triazine ring. Nelther does it react =ith iron to

form a colored compound (5). =Ruthenium does resct with

1o

those triazines containinc one or more 2V-pyridyl rroups.
The intensity of the color increases with the numter of
pyridyl groups, Table 12. Substitution in the poyridyl ring
ineresses further the molar extinction coefficient; tnus
ruthenium bis(2-amino-u,6-bi(h'-ethVI-Z'-pyridyl)-s-triazine)
chloride has a higher vzlue than thet of the corround without
the ethyl substituent, ruthenium bis-(2-amino-L,6-bi(27-
pyridyl)-s-triszine) chloride, 11,300 compared to 10,000.
2-Anino-l,6-bis(Lt-ethyl-2!'-pyridyl)-s-triazine,
2-amino-l,6-tis(2'-pyridyl)-c-triczine, 2,L,o0-tris(27-
prridyl)-s-triazine erd 2,L,0-tris(l'-cethyl-2'-cyridyl)-
s-triazine are very highly colored compounds ard tave the
highest molar extinction coefficients of the compounds

studied. These compounds will e rood for the colorimetric

determination of ruthenium.

Stability of the ruthenium compounds

The stability of the ruthenium compoundes were studied
by preparing two series of solutions. The first series
contained 2 ml. of 1.0197 x 10~3 ¥ rutheniua end the second

gseriss contained 3 ml. of the same solution of rutheniunm.



Table 12. Reaction of pyridyl-substituted triazines with ruthenium(II)

Chemical name Color Wavelength Molar
maximum extinction
absorption coefficlent
VA
2,l.,6-Triamino-1,3,5-triazine
- (Melamine) colorless - -
2, -Diamino-6-(2'-pyridyl)- .
. s-triazine purple 510 5,000
Diamino-l}' -ethyl-2!' -pyridyl-
s-triazine purple LL.90 5,400
Diamino-l! -phenyl-2!'-pyridyl-
s-triazine purple 500 8,000
2-Amino-l},6-bis(2'-pyridyl) -
gs-triszine purple 460 10,000
2-Amino-l.,6-bis(l}t ~ethyl-2"'~
pyridyl) -s-triazine purple L60 11,300
2,h,6-Tris(2!'-pyridyl) -
s-triazine purple 506 11,600
2,4,6-Tris(h'-methyl-2'-nyridyl) -
s-triazine purple 520 11,800
Tripyrimidyl-s-triazine orange 1150 6,300
1, 10-phenanthroline orange 1150 13,400

Ll
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1

A1l the solutions were trescted with 10 ml. of each of the

different bhases whose concentrations were abtout 1.00 x 10-3
M, 2 ml. of 10 rer cent hydroxylammonium chloride and 10 nl.
of 10 per ceni sodium chleride. The pH of tne solutions
were adjusted to & with 5 ¥ sodium nydroxide. The mixtures
were heated in z constant boiling water teth for two hours,
cooled and diluted to a volume of 50 ml.

The per cent transmittancy of these solutions wére read
with 2 1 cn. pyrex cell and wéter as blank at their respec-
tive maximum absorbance. After three weéks, the per cent
transmittency were read arzin for comparisor.. The results
are tabuléted in Table 13.

The results showed that most of the rutheniusx compounds
were relatively statle zt room temperature in three weeks
time. Ruthenium diamino—h‘-ethyl-Z'-pyridyl;s-triazine
chloride vroduced the greatest change in ver cent trans-
mittancy. The increase in per cent transmittancy riay be

due to some decomposition of the compound.

Formal Reduction Potential of Ruthenium Compounds

Potentiometric method

Ruthenium 2,l,6-tris(2!-pyridyl)-s-triazine chloride

A solution of ruthenium 2,l,6-tris-(2'-pyridyl)-s-triazine
chloride was prepared by dissolving 0.0208 gram of the com-
pound in 25 ml. of deionized water. Twenty-five ml. of 2 M



Table 13. Stability of ruthenium compounds

Chemical name Wavelength Per cent transmittancy

maximua I"irst series Second .series
absorption Reading Reading
nyA‘ first second first second

E,A—Diamino—é-(E{—pyridyl)-

. s=triazine - 510 ' 63.0 62.1 50.1 49.8
Diamino-L'-ethyl-2t-vyridyl- ' !
s-triazine 1190 60.6  ©0.6 h7.5 L47.4
Diamino-lt-phenyl-2t -nyridyl-
s-triazine L90 ‘ L8.0 2.1 . 32.2 54.5
2-Amino-l,b6-bis(”v-pyridyl) -
s-triazine 160 39.3 36.7 26,8 2.0
2-Anino-l,b-tis(ht-ethyl-2t- ,
pyridyl)-s<triazine L.60 35.0 36.3 30.8 26.2
2,h,6-Tris(2!'-pyridyl) -a-
triazine ‘ 506. 1L0.0 h3.8 30.1 33.0
2,l,6-Tris(l-nethyl-2!- :
pyridyll-e-triazine 520 Lho.6  LL4.o 31.1 32.7
Tripyrinidyl-s-triazine 1150 53.2 ©l.2 h7.5 53.1

'1,10-Phenanthroline 1150 28.3  27.7 16.2 18.0

6L
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sulfuric acid was added and § ml. of 0.05 ¥ ferrous sulfate.

-

Hitrogen fas was tubbled through the sclution to keep 1

ct

1 as to

o
s
(¢4

n

from air oxidation as w tir the solution. Th

ini

solution was titrated with 0.0277 1 suliestoceric acic in
1 M sulfuric acid. The voliare wcs reac arc small voiumes
o the titrant were sdded from 2 lzchlet buret, using a
Leeds and Worthrup Tyve K ?ofentiometer, a plstinum end a
saturated calomel electrode. Tre titration curve is cshoun
in Ficure 17.

The indicator end -oint wzs found to te 1.136 volts
versus the hydroren electrode. The color chanre was from
purple to orange.

Ruthenium 2,L,6-tris(2'-pyridyl)-s-triazine perchlorate

0.1003 rram of rutheniun 2,&,6-tris-(2'-pyridyl)-s-triaziﬁe
perchlorate was dissolved in 10 ml. of wztfer and 15 ml. of
2.k sulfuric acid. Five ml. of 0.05 I ferrous sulfate was
added and the voltare readings were tzken acs small portions
of 0.0277 M sulfetoceric acid in 1 }© sulfuric acid were
added. The formal potential versus the hydrogen electrode
was found to be 1.181 volt. The plot of the voltage read-

Ings apalnst the volume of sulfatoceric acid used is shown

in Figure 18.

Colorimetric method

Using the series of potentiopoised solutions prepared

and described in Part I, Iron Compounds, and whose formal



Figure 17. Titration of ferrous iron and ruthenium tripyridyl-
s-triazine chloride with sulfatoceric acid

in 1 ¥ sulfuric acid.
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Figure 18. Titration of ferrous iron and ruthenium tripyridyl
triazine perchlorate with sulfatoceric acid in

1 M sulfuric acid.
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potentials have been determined, the formal reduction pcten-
tiel of the different ruthenium derivatives of ihe poly-
pyridyl-s-triezines were determined in the same manner.

The values obtained are tabulated in Tatle 1llh.

Ruthenium Bis(2,L,6-iri(2t-Pyridyl)-s-Triazine) Ferchlorate

as an Oxidation-Reduction Indicator

rutheniun bvis(2,L,6-tri(2!'-pyridyl)-s-triazire) perchlorate
2s oxidation-reductiorn indicator. A series of titrations

of standard solﬁtions of ferrous ethylene-ciammonium sulfate
end sodium srsenite were carried out. The end points were
compared with titrationsfof solutions using 1,10-phenan-

throline sulfate as indicator. The procedures and results

are given invthe pages that follow.

Titration of ferrous ethylenediammonium sulfate

About 2.50 gram of standard ferrous ethylenediammonium
sulfate was dissolved in 25 ml. of water and 25 ml. of 2 M
perchloric acid. <Thres drops of 0.002 ¥ indicator wes added
and the solution was titrated with 0.057h M suifatoceric
acid in 1 ¥ sulfuric acid. The results are summarized in

Table 15.



Table 1.

Formal reduction potentials of rughenium compounds

Chemical name Anion z0(previous) Formal- E®(found) Color change
notentiometric ity colorimetric reduced-
method H580), method oxidized
2,-Diamino-6-(2' -pyridyl)-
- s-triaczine chloride l}..0 1.15, orange-yellow
Diamino-l' -ethyl -2t -pyridyl-
s-triazine chloride .75 1.18, purple-yellow
Diamino-lL!-phenyl-2t -pyridyl- '
s-triazine . chloride .75 1.181 purple-orange
2-Amino-lj,6-bis(2'-pyridyl)- .
s-triazine chloride 5.0 1.187 purple-orange
2-Amino-lh,6-bis(lt -ethyl-2' -
' idyl) -s-triazine chloride 5.0 1.187 purple-orange
2,4,6-Iris(2' -pyridyl) - i
s-triazine chloride 1.18 5.0 1.18, purple-orenge
2,h,6-Tris(2!-pyridyl) - per- ' v
s-triazine chlorate 1.18, 5.0 1.184 opurple-orange
2,l,6-Tris(2'-pyridyl)- - v
s-triazine jodide 5.0 1.13g  purple-orange
2,h,6-Tris(lt -methyl-21 -
pyridyl)-s-triazine chloride 5.0 1.185 purple-orange
Tripyrimidyl-s-triazine chloride h.5 1.155 orange-yellow
1,10-Phenanthroline chloride 1.17%.003 (23) L.25 1.165 orange-yollow
1,10-Phenanthroline per- :
chlorate 1.29 (21)

98



Table 15. Titration of ethylenediammonium sulfate using
ruthenium 2,l,6-tris(2!-pyridyl)-s-triazine indicator

Indicator Weight Ml. 0.0574 M Weight Per cent Average
used(g) Ce(SOu)zused found(g) relative per cent
error relative
error
R&(TPTZ)g(Cth)g 0.5015 22.90 0.5015 . 0.00
0.5020 22.90 0.5015 -0.08 -0.0L.
Ru(TPIZ) »I5 0.5017 22.90 0.5015  -0.0l
0.500L 22.87 0.5009 +0,10 4+0.03
Ru(1l,10-phen)3Cly 0.4999 22.80 0.4993  -0.12
0.5005 22.85 0,500l -0.02 -0.07
Fe(l,lO—phen)3SOb 0.5001 22.80 0.14993 -0.16
' " 0.501% 22.37 0.5009 -0.12
0.5000 22.85 . 0.500l +0,08 -0.03

L8
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Titration of sodium arsenite

Twenty—five nl. of sfandard 0.1002 1 sodium arsenite
was treated with 25 ml. of 2 M perchloric acid and 2 drops
of 0.01 M osnmiuan tetroxide'as catalyst. 4“hree drops of the
prepared ruthenium indicator was added arnd the mixture was
titratéd aceinst 0.057h M sulfatecceric acid in 1 }{ sulfuric
acid. The titrztion was compared wit: one‘using ferroin as
indicator. The results are «<iven in Table 16.

The ruthenium 1,10-phenanthroline indicator was pre-
nazred by taking 20 wl. of rutneniux chloride-which was 2.26
x 10"'5 M in ruthenium arnd feduced it with 2 crams solid
hydroxylamionium chloride. Thirty =ml. of 1.0106 x 1072 M
1,10-phenanthroline was added and £he mixture was boiled

over a weter batn for two hours to develop the color fully.

Discussion

Ruthenium bis(2,L,6-tri(2'-pyridyl)-s-triazire) chloride
has been prepered by boiling a solution of ruthenium chloride,
2,lL,6-tris(2'-pyridyl) -s-triazine and hydroxylammonium chlo-
ride, the pH of the mixture beinr adjusted to 5 with sodium
hydroxide. Tﬁe.material was o=tained in the férm of purplé
crystals. The compound has the composition, Ru(TPTZ),Cl,
as borne out by chemiczl analysis. It is soluble in water,

and can be extracted into nitrobenzene if sodium perchlorate
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Table 16. Titration of sodium arsenite usine ruthenium

2,h,6-tri(2!'-pyridyl)-s-triezine as indicator

Indicator _ M. 0.057L X Molarity Per cent Average
Ce(SOu)Zused Ce(S0),)o relative per cent
foun% error relstive
) error
Ru(TPTZ) »(C10),) 5 43.70 0.1003  +0.10
- 13.70 ~0.1003 +0.10
L3.70 0.1003 +0.10 +0.10
Ru(TPTZ) 5Ip 113.70 0.1003 +0.10
113.70 0.1003 +0.10
43.70 0.1003 +0.10 +0.10
Ru(1,10-phen)3Clp 43.7¢ 0.1005  +0.30
L3.75 0.1005 +0.30 .
1:3.70 0.1003 +0.10 +0.23
Fe(1,10-phen)3S0), 43.75 0.1005 = +0.30
13.75 0.1005 +0.30
13.70 0.1003 +0.10

L3.70 0.1003 +0.10 +0.20

is added to the solution. The composition of the ruthenium
tripyridyl compound in solution is the same as that isolated
vas the solid. That is, a2 spectrophotometric titration showed
that the ratio of the ruthenium to the tripyridyl triazine
is 1:2. A study of the system by the method of continuous
variations gave the same result.

The absorption spectrum of ruthenium bis(2,L,6-tri-

(2t -pyridyl)-s-triazine) chloride chows a maximum in the
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visible region at 500 qr, and two maxima in the ultraviolet
region, a lower one 2t 230 L and a higher one &t 280 ?““‘
The spectrum resembles the ultraviolet spectrum of the cor-
resgonding iron derivative.

The compound is stable over the pE range l..5 and 8.5.
Solutions of the compound at pH 6 folloves Beer's Law. The
molar extinction coefficient in aqﬁeoﬁs mediuwn is 11,600,

et this pH, the value increasinr~ 2s the pH

)

sy

s ircrescsed, to

3
| dd
f
o
|_J
)

12,207 2t pH 7. Eowever, the excess 2,L,c-tris(2!'-p
s-triazine orecipitates out 2t any pE above 6 and nad to be
removed. In nitrobenzene, the absorption spectrum resembles
that in water solution “ut the molar extinction coefficient
has »een found to incresse as the amount of sodiun perchlo-
rate added wes increased, from 10,000 to 18,600. This may
be due to the fact that as more sodiun perchlorate.is addéd,
the "salting out effect" becomes rreater, so that more of
the ruthenium compound leaves the solution: in ion pairs with
the perchlorate and fo to the nitrobenzene layer.
2,4,6-Tris(2'-pyridyl)-s-triazire can e used gs colori-
metric reagent for the determination of ruthenium by extract-
ine the compound in the presence of sodium perchlorate into
the nitrobenzene. Other triazines which form likewise,
highly colored compounds with ruthenium(II) and have high

molar extinction coefficients are: 2-amino-L,6-bis(L'-ethyl-

2'-pyridyl)-s-triazine, 2-zmino-l,6-bis(2'-pyridyl)-s-triazine
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and 2,l,6-tris(l4! -methyl-2! -pyridyl)-c~triaczine. These com-
vounds will be rood colorimetrig reagents for the determi- |
nation of ruthenium,

It is apparent that the ruthenium-TPTZ compound is

similar in nature to the iron compound and has the structure

in which each of the tripyridyl-s-triaziné molecules occupy
three coordinetion positions about the rﬁthenium atom.
Presumably the triaszine molecule is plensr and the planes
of the two holecules lie at right angles.

Thé spectra of the different pyridyl;s-triazine derive-
tives of ruthenium have been obtained in the visible region
and their molar extinction coefficients have been determined.
Ruthenium bis(Z,h,é—tri(hi-methy1-2l-pyridyl)-s-triazine had
the highest value of 11,800. lelamine which has three
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symmetrical amino groups in the triazine nucleus does not
produce any colored compound with ruthenium. It was observed
that the molar extinction coefficient of these derivatives

of ruthenium increased as the amino groups irn the triazine
nucleus are replsced by the pyridyl rroups and with the sub-
sequent addition of =2 side chaiﬁ in the o»yridyl ring.

The ruthenium compounds have heen found to be relstively
stable, after ex»osure tc ordinery rcom tempsrature for three
weeks causinr~ no decomposition. Orly rutheriun diamipo—h'—
phenyl-2'-pyridyl-s-triazine decongosed to a creat exient
on ‘standing.

Four of the substituted polypyridyl-s-triazine studied
fluoresce under ultréviolet‘radiation. They are: 2,i,6-
tris(ly! -methyl-2t-oyridyl) -s-triazine, diamino-li!-ethyl-2'-
pyridyl-s-triazine, diamino-h'—phenyl—2';pyridyl—s—triazine
and Z,h-diamino-é-(é'-pyridyl)-s—triazine.

The formal reduction ootential of the rutﬁenium bis(2,
li,6-tri(2'-pyridyl)-s-triazine) chloride has been determined
potentiometrically and found to be 1.184 volt. The oxidation
potential as determined colorimetrically wes found to be
1.188 volt. The formal oxidation potentials of the ruthenium
derivatives determined by the use of the potentiopolsed solu-
tions were very slightly higher than the values obtained
potentiometrically, because of the differences in intensities

of the colors of the reduced a2nd oxidized forms. The formal
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potentials of thelruthenium compounds were higher than the
formal potentiels of their iron analogs.

The ruthenium tripyridyl triaéine compounds have been
examined as possible oxidstion-reduction indicators. Ti-
trations were run with standerd ferrous ethylehediammonium
sulfaete and sodium arsenite usinr standard sulfatoceric
acid in 1 M sulfuric acid. =The titretions were compared
with ferrous 1,10-phenanthroline sulfate es indicator. The
results were found satisfactory especially with ruthenium
bis(2,h,6-tri(2'-pyridyl)-s-triazine) perchlorate as the
end point was very distinct, that is, the'abrupt.disappear—
ance of the violet tinge from the purple color and the ap-
pearance of the brange shade. The averace per cent relative
error was -0.0l} per ¢ent with ferrous ethylenediammonium
sulfate end +0.10 per cent with sodium arsenite. Ferrous
l,lO-phenanthroliné sulfate gave -0.03 and.+0.20 per cent

relative error resnectively.
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PART III. OSMIUM COMPCUNDS

Bistorical Background

The 1,10-phenanthroline derivative of bivslent osmium,
Os(l,lOfphen)3Iz, wes prepared by Dwyer, Gibson and Gyarfas
(19) in 1950 bty the reaction between 1,10-phenanthroline
and ammonium bromoosmate in glycerol solution at 250-270° C.
and the subsequent addition of potassium iodidé. Lhe dark,
greenish-brown solution of Os(l,lo-phen)3++ can be reversibly
oxidized to the red Os(l,lo-phen)3+++. The compound aas
been used as oxidetion-reduction indicator with a reduction
potential of 0.822 volt in 1 I hydrochloric acid (17).

Dwyer and Gibson (18) used the perchlorate salt in a
series of titrations of iron with the dichromete. The enada-
point was found to e distinct, the color change of the
osmium 1,10-phenanthroline verchlorate in the presence of
chromium sulfate was yellow-green to blue-green. The titra-
tions were done in 1 N sulfuric and in the presehce of. phos-
phoric acid. The reegent is said to bé stable in its aqueous
saturated solution.

In 1950, Burstall, Dwyer and Gyarfas (17) prepared di-
chloro-bis-2,2'-bipyridineosmium(II) chloride trihydréte,
0s(2,2'-bipy),C1l,.3H50, by heating potassium osmichloride
and 2,2'-bipyridine at 260° C. for 1 hour. The dark brown
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solid obtained was extracted with benzene to remove any
excess 2,2'-bipyridine.

The crystals were washed with water and zir dried.

The filtrate after the crystallization was made alkaline
with sodium hydroxide, boiled, cooled, snd filtered from
the hydrated osmium dxide. It was eacidified with hydro-
chloric acld and evapprated to dryness. Thne Fresn chleride

was extracted with a2lcohol and the residue crystallized
rom a little water.

Dark rreen Os(2,2'-bipy)3012 was obtained by Duyer (16)
by pyrolvsis of votassium nexachloroosmate, osmium metal
and 2,2'-bipyridine at 250° C., or ammoniu:: hexachloroosmate
and 2,2'-bipyridine without the os:ium metal. It was iso-
lated as the psrchlorate and Dwyer, Gibson and Gyarfas (20)
found the reduction potentizl in 0.1 ¥ acid to be 0.86 volt,

1

while the_standard reduction rotential in 1 Il hydrochlcric
acid was 0.819 volt. Tais ion acte as & reversible oxidation-
reduction indicator. 3Burstall, Dwyer and Gyarfas (7) found
the system in concentrated nitric or sulfuric acid chanred
color with ceric sulfate with 2 potentiesl of approximately

1 volt.

(0s(2,21-bipy)3)™™* + e= = (0s(2,2'-bipy)3)**
red green

In 1937 Morgan and Burstall (26) prepared osmium

bis(2,2',2"-terpyridyl) chloride tetrahydrate by fusing
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potassium osmichloride (KZ(Osélb)), metallic osmium and
2,21,2"-tripyridyl at 250-260° C. for 3 hours. The product
wes extracted with tenzene and the agueous extract after fil-
tration was evavorated toc produce the green needles of the
chloride salt. The corresponding iodide salt was prepared
by aedding potassium iodide o a solution of the chloride.

In 1954, Duyer and Gyarfas (22) prepared the osmium
bie-(2,2',2"-terpyridyl) perchlorate by treating a werm
solution of the complex iodide with dilute perchloric acid
and recrystsllizing it from hot water. The powder wes sus-
pended invice water and oxidizéd by shaking in a current of
chlorine. The unreacted materizl waes filtered off and the
filtrate was treated with 20 per cent sodium perchlorate.
The green needles formed were washed with 2 per cent per-
chloric acid and purified with ether. The crystals were
dried in vacuo. The potential of the system,

Os(2,2',2"-trpy)2+++ + e~ = Os(2,2',2"-trpy)2++
wesg found to be -0.856 volt in 0.1 F acid. Its standard
reduction potential was 0.9866 + 0.0005 volt.

Since both iron and ruthenium compounds of the 2,4,6-
tri(2'-pyridyl)-s-triazine have been found to form the
bistridentate type of salt with the general type, (M2tripy)X,,
vwhere M is the metal, it was of interest to learn if the
next member of the iron triad would follow the same octa-

hedral arrangement.
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Furthermore, the terpyridyl compounds of osmium wanich
hesve been prepared were {found to te unsteble in the oxidized
form and although highly colored and possessed of a good
color change,'(green in the reduced form and red in the
oxidized form), yet not recommended a2s en oxidetion-reduction
indicator.

In Part III of this work are reported investirations
on the composition, structure, preperties and uses of the
compound formed retween osmium and 2,@;6-tri(2'-pyridyl)-

s-triazine.

Preparation of Osmiuri Derivative of

Tripyridyi-s-Triazine

Materials

The reagents and solutions used in the study of the
osnmium compoﬁnds nave been descrited previously in Parts I
and II of this work. |

The preperation of the osmium chloride solution and the
'standardization of the original reagent, osmium chloride,
1s described in this section.

In order to detefmine the compoéition of the osmium de-
rivative with 2,L,6-tris(2f-pyridyl)-s-triazine, osmium bis-
(2,l,6-tri(2'-pyridyl)-s-triazine) chloride and osmium bis-

(2,L,6-tri(2t-pyridyl) -s-triazine) iodide have been prepared
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and analyzed. The procedures and results are shown on the

following pages.

Osmium chloride

A solution of osmium chloride was prepasred by dissolving
1.0010 erams of osmium chloride obtained from the American
Platinum WOfks, in 100 ml. 6f deionized water. The stock
solution was 2.312 x 1072 ¥ in oémium.

The osmium chloride was standardized by taking 50 milli-
grams of the original osmium chloride and pleced it in a pre-
viously ignited and weighed porcelain boat. The material
was covered with sammonium chloride solid, and heated in e
streem of hydrogen ras iIn a tube. The tempefature of the
furnace was gradually raised and taken to red neat. Tne
hydrogen gas was finally displaced with carvon dioxide, and
the boat wes taken to room temperature for weighing.

Duplicate analysis of the osmium chloride gave an aver-
age of 113.95 per cent osmium; The American Platinum VWorks,
now a Division of Engelhard Industries, Inc., reported a

value of UI3.94 per cent osmium metal content.

Csmium bis(2,4,§-tri(2'-pyridyl)—s-triazine) canloride

Oﬁe rrem of osmium chloride was fused in a beaker with
three grams of 2,li,6-tris(2'-pyridyl)-s-triazine at 260° C.
in an oven for one hour. The mixture was stirred énd cooled

to room temperature. The fused mixture was extracted wifh
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benzene five times to remove any unreacted tripyridyltriazine.
The residue was dissolved and boiled with deionized water.
Ten ml. of 6 N hydrockloric acid were added to it and then
the compound was reduced py the adiition of 10 frams of
hydroxylammonium chloride. The pH was adjusted to about 5
with 5 X sodium hydroxide and the mixture was again boiled
and stirred vigorously. The filtrate was evaporated to ﬁear
saturation in a water bath. Ihe crystals were then filtered
and washed with 2 small amount of ice water, several times
with ether and dried over calcium chioride in a vacuum. The
ésmium tripyridyl triazine chléride obtained was purple in
color, showinec a greenish reflection under the microscope.

It was somewhat soluble in benzene. The melting point was

120-121° C. The compound wua

m

analyzed for osmium(distillation-
thiourea, details in next paragraph), tripyridyl-s-triazine
(two methods, see below), and chlcfide(silver nitrate titra-
tion). The results are given in Tzble 17. The compound is

undoubtedly Os(tripyridyltriazine) Cl,.

Determination of osmium. Distillation-colorimetrioc method

A celibration curve was prepared by distilling varying
2liquot portions of osmium chloride conteining 2.312 x 10-3 M
osmium. The osmium chloride was treated with 25 ml. of 1:1 |
nitric acid and 5 ml. of 1:1 sulfuric acid. Dry air ves

ellowed to pass through the solution for a few minutes after
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Table 17. Osmium bis-(2,h4,6-tripyridyl-s-triazine) chloride

Substance Method Per cent Average Per cent Ratio
sought used found per cent mol. wt.

Osmium colorimetric 15.8
. 16.0 15.9 .0835

TPIZ uv 51.2 X
57.9 57.5 18 1: 210
Cs: TPTZ
Chloride adsorption 5.81
' 6.02 £.92 .167 1: 2.00

Cs: Chloride

Empiricel formula:

¢s1(TPTZ) 5 10C15.00

which the solution mixture was heated. The heating was
gradually ircreased with a variac and the temperature rcised
and taken to boilins of the mixture witn a timer. The osmium
tetroxide was absorbed into 25 ml. of 5-per cent thiourea (33)
in 1:1 hydrochloric acid-ethyl alcohol. After 50 minutes, .
21l the osmium had been distilled, the cufrent was cut off
and the set-up (1) cooled to room'temperature.' The delivery
tube and receivers were all flushed'with 1:1 hydrochloric
acid-ethyl alcohol mixture which wes also used to dilute the
distillate and washiﬁgs to 50 ml.

The transmittancy was measured irmmedistely at 450 me

using a Beckman DU Spectropnotometer, a 1 cm. pyrex cell,
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and the 1l:1 aydrochloric acid-ethyl a2lcohol mixture as
blank.

Ten milligram sample of the osmium compound was dis-
tilled in the same manner as above and the amount of osmium

wes determined colorimetrically.

Determination of 2,L,6-tris(2'pyridyl)-s-triszine. Ultra-

violet method

2,&,6-Tris(2'-pyridyl)-s-triazine was found to have
two peaks in the ultraviolet region (). HHeasurement at
one of these absofbance peaks would be a means of deter-
mining the amount of the triazine oresent in the remaining
solution in the distillinc flask after the osmium content
has been removed. Since the icdide is also removed because
it is more likely oxidized to iodate and not distilled,
and since the chloride will rot affect the absorption spectra
in the ultraviolet region, this idea wes‘placed on an experi-
mental basis.

Tﬁe absorption spectra of several solutions containing
known amounts of 2,L,6-tris(2'-pyridyl)-s-triazire were re-
corded in the ultraviolet region. It was observed that the
absorbance maximum shifts to the lower wavelength as the pH
is increased.

A calibration curve was prepared by running the spectra
of solutions containing varying amounts of standard 2,l,6-

tris(2'-pyridyl)-s-triszzine and 10 ml. of 10 per cent sodium
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acetate. The pH of éach solution wes adjﬁsted to 5 with

5 M sodium hydroxide and & M hydrochloric acid. All reagents
used were iron free. The Cary Spectrophotometer Model 12,

a 1 cm. silica cell and 2 blank of water were used. The
curve was linear from 1.0 to 20.0 = 10“6 M 2,L,6-tris-(2!'-
oyridyl)-s-triazine.

From 2-50 millirrams of the sample were placed into the

m

ct
[

llation was run with e slow

e

the dist

jo))

n
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distilling flask
bubbling of air,‘and 2t a ccntrolled tenmperature. The osmiun
was distilled off into the tThiourez mixture using 21l iron-
free reagents wnerever possitle. The iron was removed from
the rearents éy treatment with hathophenasnthroline snd ex-
traction into isoemyl alcohol. The nitric zcia used was
distilled. ©The distillation was run in the same rmanner as
In the determinatior of osmium.

After the distillation, the remaincer of the solution
in the distillinfg fiask woes diluted with deionized wester in
a iOO ml, volumetric flask and teker up to the mark after
cooling to room temperature. Aligquots of this solution
were taken and to them was added 10 ml. of 10 per cenf sodium
acetate. The pH was adjusted to 5 witﬁ 5 ¥ sodium hydroxide.
The veolume was arain taken up to tﬁe 100 ml, mark with deion-
ized water. The absorbance of the reagents similarly pre-
' pared but without 2,4,6-tris(2'-pyridyl)-s-triazine was

measured asa blank. Its abtsorbance zt 290 %F” which was
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the wavelength where the absorbance maxirmum of the different
solutions fell in the prepesration of the calibration curve,

was subtracted from that of the other solutions.

Determination of 2,lh,0-tris(2!'-pyridyl)-s-triazine es ferrous

derivative
2,L,6-Tris(2'-pyridyl)-s-triazine hss been found by

-Collins, Diehl and Smith (12) to be a rood colorirmetric

>

reagent for iron. The cembining ratio of iron(II) with
tripyridyl-s-triazine has been found to e 1l:2 by spectro-
photometric titration, continuous variations study and by
anaelysis. The moler extinction coefficient is 22,600 at
593-gp/ in aqueous solution. Advantagze of these facts was
made in the determination of tripyridyl-s-triazine in the
osmium compounds by the addition of excess iron.

A calibration curve was prepared by taking aliquot
portions of standard solutions of tripyridyl triazine with
a concentration of 1.0005 x 1074 3 end mixed with 25 ml. of
standard iron solution whose concentration was lJSA % 10-3 M.
The iroh was reduced with 2 ml. of 10 per cent hydroxyl-
ammonium chloride. The mixture was treated with 10 ml. of
iron free 10 per cent sodium acetate and the pH adjusted
with iron free 5 M sodium hydroxide, to pH 5. The solutions
were diluted to the 100 ml. mark in volumetric flasks. The

per cent transmission were read in the Beckman DU Spectro-

photometer at 593 mp using a 1 cm. pyrex cell and a blank.
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The calibration curve was linear within the renge of
10 to SQ X 10+6 M tripyridyl triazine with excess iron.

Sepesrate alicuot portions of the diluted solutions left
in the distillation flask after the removal of osmium were
treated in the same manner as in the preparetion of the
calibration curve. The »ner cent transmission was read at

593 ?*v with a blank.

*© 1 tripyridyl triazine

Teking a concentration of 10 x 10
in the straight portion of the plot described above, this
corresponds to an absorbance .-of 0.278. From this data the
" molar extinction coefficient of 6,950 wac obtained and used

in the determinatior of the concentrations of the different

unknowns.

Determination of chloride . -

About 50 milligrams of the osmium'bié(Z,h,é-tri(E'-
?yridyl)-s-triazine) chloride were dissolved in deidnized
weter and passed through an ion exchange column in the hydro-
gen form. The eluate was titrated against the standard
0.0100 ¥ silver nitrate using 10 drops of 0.1 per cent of
the sodium sa2lt of dichlorofluorescein indicstor. Five ml.
of 1 per cent dextrin was added to prévent coazulation of
the silver chloride. The titration was carried to the slight-

1y pink end point.
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Osmium bis(2,h,6-tri(2!-pyridyl)-s-triazine) perchlorate

A column of Amberlite IR-400 in the chloride form was
cornverted to the perchlorate fb;E by passing about 500 ml.
of 2 M sodium perchlorate dropwise throurn the bed. Aftef
fhe eluate was free of chloride the column was rinsed with
deionized water to remove the excess sodium perchlorate.

A water solution of osmium tripyridyl triezine chloride
was stirred with Amberlite IR-400 in the perchlorate form
with e magnetic stirrer for 16 hours. The resin was filtered
off and washed with deionized weter. The combtined washings
and filtrate we;é eveporated to drymess in 2 water bath.
The crystals so obtazined were washed with ether and dried

at 110° C. for 2 hours. The compound decomgoses at about

200° C., turns brown snd is carbonized at about 25L° ¢,

Osmium His(2,L,6-tri(2!'-pyridyl)-s-triazine) iodide

Lbout 1 rcram of osmium trichloride wes fused with about
3 grams of 2,l,6-tris(2!-pyridyl)-s-triazine in a 125 ml.
iodine flask at 260° C. in an oven for about 1 hour. The
compound- formed wasg cooled to about 100° C., and was dis-
solved in atout 100 ml. of warm water. This was acidified
with 5 ml. of 6 N hydrochloric acid and reduced with L grams
of hydroxylammonium chloridé. The mixture was taken to boil-
ing. It was made alkaline with 5 M sodium hydroxide and on

cooling, the excess 2,L,6-tris(2'-pyridyl)-s-triazine was
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filtered off. The solution was toiled again and L crams

of potassium iocdide was added. The mixture was cooled over
an ice bath and the osmium tripyridyl triezine lodide cry-
stals were filtered off. The crystsls were purified by
extractinc the excess votassium iodide with ether for 30
hours and dried over calcium chloride in & vecuum desiccator.
Melting point: 232-233° C.

The coripound was aralyzed for csmium »y the distillation-
thiourea method, for triopyridyl-s-triezine bty the ultraviolet
and iron methods, 2nd for icdide by passare throush IR-120 .
in the hydrogen forr: and titration with silver nitrate with
eosin as indicator. The results are summarized in Table 18.

The compound is 0s(TPIZ),I,.

Nonaqueous Titrations of Cemium 2,L,5-Tris(Z2'-Pyridyl)-

s-Triazine

In order to rain insirht into the structure of osmiun
2,&,6-tris(2'-éyridyl)—s-triazine some titrations in non-
agueous medium.were performed. Pyridyl zsroups not azttached
to the osmium metal were determined by direct titration of
the compound in nonaqueous solution with standard percnloric
acid in acetic acid.

About 30-50 milligrams sample were dissolved in various

solvents with acetic acid anhydride and allowed to stand
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Table 18. Osmium bis-(2,l,6-tripyridyl)-s-triazine) iodide

Substance ilethod - Per cent Average Per cent Ratio
sought used found -per cent mol. wt.
Osmium colorimetric 14.91
15.07 14.99 .0788
TPTZ ultraviolet h3.60
119.00
115,00
149.00
119.00
So0.2L
119.01 b9.26  .1579 . 1: 2.00
‘ Os: TPTIZ
TPTZ excess iron 50.20
1.9.01
149.03 Lokl ,1583 1: 2.01
Os: TPIZ
Todide adsorption 21.01 o
21.08 21.05 .1659 1: 2.11
Os: Iodide
Empirical formula::
0s1(TPT2)2 0112,11

overnight to allow the anhydride to react with the water.
preseht; The solutions were titrated with 0.01 X perchloric
acid in acetic acid and acetic acid anhydride. The voltage
readings were plotted versus the ml. of perchloric acid used,
using the Beckman Model G pH meter, a glass and a fiber type

calomel electrode.
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fre osmium tripyridyltriazine under study was not
very soluble in the differect solvents used: rslacial
acetic acid, nitromethane and zcetonitrile. The serchlcrate
and the iodide salts nad to “e heated with the solvents té
put them to soiution., The weter which came from the 70 cer
cent nerchleoric acid hed v- e removed since its presence
did not ~ive any ~ood end-vcint hresk. e est solvent
uas glacial acetic acid in acetic acid anhydride which
cave a rood end-point break at the second equivalence point

for chloride, verchlcrate and iodide salts iavestipated.

The curves for the titration are shown in Ficures 19 and
20.
0.1 I' perchloric acid was prepare’ by asixinc 5.5 ml.

of 70 rer cent perchlcric acid with 200 ml. of glacial acetic

2cid and added 20 ml. ol acetic aznnydride (2L)., 7This wes
allowed to stand overnight after ¢ilution te 1 liter. OCne
hundred ml..of the avove 0.1 il perchlcric scid was diluted
with glacial acetic 2c¢id to riake 1 liter of 0.01 II perchloric
acid.

The perchloric acid was stendardized as follows:
0.2007 grams of potassium acid phthalaﬁe wes dissolved in
‘hot acetic acid. After cooling to room temperature, the

solution was diluted to exactly 100 ml. with glacial acdtic

acid. ZExactly 10 ml. of this solution were diluted with



Filgure 19. Titration curve for osmium tripyridyl triszine chloride
| In glacial acetic acid.
tlelight taken: 0.0502 g.
Solvent: 50 ml. glacial acetic acid
‘ 2 ml, acetic anhydride
1l equivalent: 6.23 ml.
- 2 equivalent: 12.46 ml.
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Figure 20. Titration curve for osmium tripyridyl triazine

perchlorate in glacial ecetic acid,.

Weirht taken: 0.0381 g.

Solvent: 25 ml. rlacial acetic acid

2 ml, acetlc enhydride

1 equivalent: .13 ml.

2 equivalents: 0§.26 ml.

3 equivalents: 12.39 ml.
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benzene to 100 ml. The solution was 0.001 ¥ in potassium

acid phthalate.

Ten ml. of the 0.001 I potassium acid phthalate was
titrated with the above perchloric acid usingvmethyl violet
indicator to the first permanent blue color. An indicator
blank was run with 1 ml. of benzene and 1 drop of the indi-

cator. The first standard solution prepared wss 0.0091 X,

while the second was 0.0108 N.

Absorption Spectra

Visible region

The prepared osmium derivatives were dissolved in 10 ml.
of ethyl alcohol and diluted with deionized water to a volume
of 25 ml.

The absorption spectra of these derivatiyes vere re-
corded in the visible region using a Cary Ssectror-zotometer
Model 12, 1 cm, silica cell, and a blank containing alcohol
and water. The spectrum of osmium bis(2,h,6-tri(2'-pyridyl);
s~-triazine) chloride is shown in Figure 21. The molar extinc-
tion coefficients of the derivatives are as follows: . osmium
bis(2,l,6-tri(2'-pyridyl) -s-triazine)chloride, 1,540; osmium
bis(Z,h,é-tri(2'-pyfidyi)-s-triazine)perchlorate,‘1,3u0;

osmium 1,10-phenanthroline chloride, 970.



Figure 21, The visible spectrum of osmium bis(2,L,6-tri(2!'-pyridyl)-
s-triazine) chloride, Os(TPTZ)acl?_.
Cell length: 1 cm.
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Ultraviolet recion

The same solutions used in the recording of spectra of
the osmium cormpounds in the visible region were diluted with
deionized water so that the concentrations were about 10"5 M.
The spectra of these solutions were recorded in the ultra-
violet region using s 1 cm. silica cell and water and alcohél
mixtﬁre as tlank. The spectrum of 6s&ium.bis(2,u,6-tri(2'-
pyridyl)-s-triaéine) chloride is shown in Figure 22.

It was observed that the maximum absorbance in the spec-
tra of the different osmium tripyridyl-s—triazine_éompounds
in the visible region wes L85 Tf». In the ultraviolet, two

peaks vere observed. One maximum occurs st zbtout 283 %}p

and the seccnd and lower peak occurs a2t about 2L5 .

Formal Reduction Potentizl of Osmium Compounds

Potentiometric method

The formel reduction potentials of osmium bis(2,u,6é
tri(2'-pyridyl)-cs-triazine) chloride and osmium bis(2,lL,6-
tri(2t-pyridyl)-s-triazine) perchlorate in 1 Ii sulfuric
~acid were determined using the Leeds and INorthrup Type K
Fotentiometer and galvanometer. A pletinum electrode and
a saturafed calomei electrode attached to an agar bridge
were used. |

The procedure and results are given in the next pages.



Figure 22. The ultraviolet spectrum of osmium
bis(2,L,b-tri(2'-pyridyl)-s-triazine)
chloride, Os(TPTZ)EClz-

Cell length: 1 cm.
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Osmium bis{2,l,b6-tri(2!'-nyridyl)-s-triazine) chloride

0.0408 gram of osmium bis(2,L,b6-tri(2t'-pyridyl)-c-triazine)
chloride was dissolved in 8§ rl. of deionized water and 10 ml.
of 2 X sulfuric ecid. To the mixture, 2 ml. of 0.05 i fer-
rous sulfate solution was added. Litro-ern ges was nessed
slowly through the closed vessel fo displcce any oxygen pre-
sent, as well as to provide stirring of the mi:xture. The
mixture was titrated with C.0277 I sulfatoceric scid in 1 M
sulfuric acid. The formal reductiorn otential vs. nydrogen
ues found to be 1.02, volts.

The plot of the voltare regdin. versus tne milliliter
of titrant is.chown in PFigure 23.

Osmium bis(2,l,6-tri(2'-pyridyl)-s-triazine) oerchlorate

0.0L17 gram of osmiun »is(2,L,6-tri(2'-pyridyl)-s-triazine)
perchlorate wos dissolved in 8 ml. of warm deionized water
and to it wes added 10 izl. of 2 I sulfuric acid and 2 ml. of
0.05 H.ferrous sulfate solution. The mixture was titrated
with 0.0277 ¥ sulfatoceric acid in 1 I sulfuric acid to an .
abrupt chang?'of color, from purple to orange. The formal
reduction potential was found té be 1.082 volt versus the
hydroren electrode. |

The plot of the voltege reading against the milliliter

of sulfstoceric acid used is ~iven in Figure 2.



Flgure 23. Potentiometric titration of osmium bis(2,l,6-tri(2!'-pyridyl)-
s-triazine) chloride in the presence of ferrous sulfete with

0.0277 M sulfatoceric acid in 1 M sulfuric scid.
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Figure 2lj. Potentiometric titration of osmium bis(2,l,6-tri(2'-pyridyl)-
s-trianzine) perchlorate in the presence of ferrous sulfate

with 0.0277 M sulfatoceric acid in 1 M sulfuric acid.
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Colorimetric method

As in the determination of the formal potentials of the
iron and ruthenium derivatives as described in Fert I by the
use of the votentiopoised solutions, the formal potentials
of the osmium compounds wére likewise determined colori-
metrically. The formal potentials of the osmium compounds
found both by the potentiometric and colcrimetric methods

&

I3

e riven in Teble 19.

Csmiur 1,10-phenanthroline chloride was prepared and its
colorimetric formal potential waé determihed for comparison
with the known formal votential. The procedure for its prepa-
ratiqn is given below. '

Csmium 1,10-vhenanthroline chloride One gram of

osmium trichloride and five grams of 1,l10-phenanthroline
were fused at 260o C. in an oven for one hour. The compound
was purified in the ssme manner.-described above for osmium
tripyridyl triazine compounds.

The fusion residue was dark brown and did not confain
any colored material soluble in benzene. Under the micro-
scope the product was brown in color with & greenish reflec-
tion. A dilute aqueous solution of the compound showed a

slight flourescence. Melting point: 118-120° G.
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Formal reduction potentisals

of the osmium compounds

Compound EO%(previous) Formel- E°(found) Color change
potentio- ity colori- reduced-
metric HZSOM metric oxidized
method - method

Os(l,lO-phen)3012
Os(l,lo-phen)312 0.822
(1 ¥ EC1,
Duyer)
0s(TPTZ) ,C1, 1.02,

Os(TPTZ)2(0104)2 1.082

OS(TPTZ)ZIZ
(1 ¥ EC1,
Dwyer)

0.1 0.910
2.37 l.OBu
2.5 1.09,
2.37 l.OBu

brown-greenish

violet-orange
violet-orange

violet-orange

Osmium Bis(Z,h,é-Tri(Z'-Pyridyl)-s—Triazine)

Perchlorate as an Oxidation-Reduction Indicator

In 1950, Dwyer, Gibson and Gyarfas (18) used osmium

1,10-phenanthroline perchlorate as an internal redox indica-

tor for the determination of ferrous iron with potassium

dichromafe. The titration was done in normal sulfuric acid

in the presence of phosphoric acid.

They compéred the

titration using also diphenylamine indicator. The results

showed a mean of 0.1 per cent error for osmium 1,10-
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rhenanthroline perchlorate, and a mean of +0.7 per cent
using diphenylamine indicator.

A study was made 1n order to determine the applica-
bility of the osmium tripyridyl triazine compounds es
oxidation-reduction indicators. Titrations of standard
ethylenediammonium sulfate and standard sodium arsenite
in 1 ¥ perchlorate acid, with sulfatoceric acid in 1 M
sulfuric zcid were investigated. The end noint indicator
change was compared argainst ferrous 1,10-phenanthroline
sulfate 2s indicetor. The v»rocedures and results are given

in the pages that follow.

Titration of ferrous ethylenediammonium sulfate

About 0.5 gram of pure standard ferrous ethylenedi-
- ammonium sulfate was dissolved in 25 ml. of deionized wa-
ter. Twenty-five ml. of 2 Ii perchloric acid and 3 drops,
of 0.002 M indicator were added. The solutions were ti-
trated against standard 0.057L i sulfatoceric acid in 1 M

sulfuric acid. The results are summarized in'Table 20.

Titration of sodium.arsenite

Twenty-five ml. of standard solution of sodium arsenite
which was 0.1002 M, was pipetted into a beaker and 2 drops 6f
0.01 M osmium tetroxide was added as catalyst. Twenty-five

ml. of 2 M perchloric zcid and three drops of 0.002 M osmium



Table 20, Titratlon of ferrous ethylénediammonium sulfate

with sulfatoceric acid

| 0.5004

Indicator ' Weight M1, 0.057L M Welght- Per cent Average
taken(g) Ce(sou)aused found(g) relative per cent
error relative
error
0s(TPTZ)5(C10))p 0.5016 22.90 0.502 -0.02
0.5038 22.95 0.503¢ -0.0L -0.03
0s(1,10-phen)3C1ly 0.5009 22.85 0.500L, -0.10
0.5019 - 22.90 0.5015 -0.08 -0.09.
Fe(l,lO-pheﬁ)3SOu 0.5001 22.80 0.4993 -0.16
~ 0.5015 22.87 .0.5009 -0.12
0.5000 22.85 +0.08 -0.03

IXAN
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indicator was added. The solution was titrated with 0.057L4 M
sulfatoceric acid in 1 i sulfuric acid. A summery of the

results are given in Table 21.

Tgble 21, Titration of sodium arsenite

with sulfatoceric acid

Indicator Ml1. 0.057L. M Molarity .Per cent Average

Ce(S0),)-used Ce(S0),) relative per cent
k72 b2 error relative
' error
0s(TPTZ) 5C1, 13.75 0.1005  +0.30 |
h3.70 0.1003 +0.10 +0.20
0s(TPTZ),(C10)) 113.70 0.1003  +0.10
) - 13.70 0.1003 +0.10 +0.10
OS(TPTZ)2I2 h3.75 0.1005 .+0.30
L3.70 0.1003 +0.10
L3.70 0.1003 +0.10 +0.16
Os(l,lo-phen)3012 L3.80 0.1006 +0 .40
_ L3.75 0.1005 +0.30  +0.35
Fe(l,lO—phen)380u L3.75 0.1005 +0.30
43.75 0.1005 +0.30
113.70 0.1003  +0.10
43.70 0.1003 +0.10 +0.20
Discussion

Osmium 1,10-phenanthroline chloride was prevared by
fusion of osmium chloride and 1,10-phenanthroline at 260° C.
in 2 muffle furnace for one hour. The formal reduction po-

tential was found to be 0.91g volt in 0.1 F sulfuric acid.
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Osmium bis(2,4,6-tri(2!-pyridyl)-s-triazine) chloride
was prepared by fusion of osmium chloride and 2,4,6-tris-
(2' -pyridyl)-s-triazine at 200° C. for one hour. <ihe puri-
fied salt was analyzed for osmium, 2,kL,6-tris(2!'-pyridyl)-
s-triazine and chloride. The compound hed the composition:
osnmiur bis(2,L,6-tri(2!'-oyridyl)-s-triazine) chloride,
0s(TPTZ) 5C1,.

Osmium bis(2,Lh,0-tri(2'-pyridyl)-s-triazine) perchlorste’
was prepared by converting osmium bis(2,l4,6-tri{(2'-pyridyl)-
s-triazine) crloride tc the perchlorate using a strong base
anion exchange resin.

Osmium bis(2,4,6-tri(2'-pyridyl)-s-triazine) iodide vas
prepared by fusion of osmium chloride znd 2,h,6-tris(2t-
pyridyl)-s-triazine at 260° C. for one hour. Potassium
jodide was added to the reduced solution of thg chloride to
convert it to the iodide. Excess iodide was removed by ex-
traction with ether.

A further}study of the structure of the compound was
made by titration in nonaqueous medium of the different com-
pdunds with perchloric acid. Results showed that only two
pyridyl sroups are free, the nitrogens being titrated by the
perchioric acid. The titrations also showed that one of the
free nitroggn atoms may be weaker than the first as it forms
one brezk at one equivalence in acetonitrile, two breaks at

the first and second equivalence point in nitromethane and
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one break at the second equivalence point in glacial acetic
acid medium. Tﬂe formula for the compcunds are thus:
0s(TPTZ) 5C1,, Os(TPTZ)z(Cloh)Z, and Os(TPTZ)ZIZ.

The osmium tripyridyl-s-triazine der;vative was exam-
ined for its formal réduction potential, beth potentiomet-
rically and colorimetrically. <The system for the reversible
reaction is

0s(TPIZ) ™" + e~ = 0s(TPTZ),""
orange purple

The formal reduction potential of osmium bis(2,l,6-
tri-(Z'-pyridyl)—s—triazine)vchloride as deférmined potentio-
metrically is 1.02é volts in 1 M sulfuric acid while its
formél potential determined colorimetrically is l.OBu volts
in 2.37T F sulfuric acid. The formal reduction potential of
osmium bis(2,l,6-tri(2'-pyridyl)-s-triazine) perchlorate in
1 ¥ sulfuric acid was 1.08, volts using tﬁe potentiometric
method, end 1.09, volts in 2.5 F sulfuric acid, as determined
by the colorimetric, potentiopoised solution metho&.

The potentiallis greatly dependent on the concentration
of acid in the solution, E° increasing with increasing acid
concentration., Some differences in the values obtained for
the standard potenﬁial arise also from the differences in the
intensities of phe colors of the reduced and oxidized forms,

that is, the ratio of the concentrations is not unity at
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the apparent color change as in obtaining the standard re-
duction potentisl from a potentiometric titration.

. Osnium tripyridyi-s-triazine ion is & good oxidatvion-
reduction indicator. It has a very sharp color change, from
purple to orange. The end-point is an sbrupt disappearance
of the violet tince. BRBoth the reduced and oxidized forms
are stable and the reaction is reversitle. Results of the
titrations of ferrous ethylenedienimonium sulfate and sodium
arsenite solutions in-1 Il verchloric acid, wit: standard
sulfetoceric acid in 1 M sulfuric acid showed very reliable
results using osmium bis(2,l,6-tri(2'-pyridyl)-s-triazine)
verchlorate as indicatér.‘ The averare per cent relative
error in the determination of ferrous ethylenediammonium
sulfate was -0.03 per cent usin~ osmium bis(2,L,0-tri(2t-
pyridyl) -s-triazine) perchlorate indicatof, while ferroin
indicator also gave -0.03 per cent error. In the determina-
tion of the molarity of sodium arsenite, csmium bis(2,l,6-
tri(2!'-pyridyl)-s-triazine) perchlorate indicator gave an
average relative error of +0.10 per cent, while ferrous
l,lO-phenanthroline sulfate indicator gave an averare of

—

+0.20 per cent error.
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SUMMARY

The reactions of nine pyridyl-substituted s-triazines
with iron, ruthenium, and osmium have been investigated.

A number of new compounds have been isolated in solid form.
A number of systems were investigsted only in solution,

- principally through measurements of absorption spectraband
reduction potential. The tri-pyridyl-substituted triazines
all combine with iron, ruthenium and osmium in the ratio of
two molecules of the organic Gase to one atom of metal., All
these compounds are highly colored, the iron comocounds being
blue, the ruthenium and osmium compounds, purple. The iron
compounds can be prepared eacily at room temperature in
équeous solution, the ruthenium compounds can be made by
boiliﬁg a mixture of the components in dqueous solution,

but the osmium compounds can be prepared by fusion of osmium
chloride with the base. '

The results of this study showed that the ruthenium and
osmium tripyridyl triazine perch;orate salts are reliable
oxidation-reduction indicators. The formal feduction poten-
tials of these indicators were measured both potentiometric-
ally and colorimetrically, the agreement between the methods
being good. '

Among the.new iron compounds, the deep blue ferrous

derivative of 2,L,6-tri(Li'-methyl-2'-pyridyl)-s-triazine
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has been found to be particularly noteworthy because it has

a high molar extinction coefficienf, 25,500 at the wavelength
of maximum absorption, 605 gﬁ,; it could be & good colori-
metric agent for the determination of iron inasmuch as the
intense color is developed very quickly at room tempersture
and is stable.

The iron derivatives of 2-amino-lL,6-bis(l'-ethyl-2!'-
pyridyl) -s-triazine, 2-amino-l,6-bis(2'-pyridyl)-s-triazine
end 2,l4,6-tris(l'-methyl-2'-pyridyl)-s-triazine are stable
to light, that is, they do not fade on exvosure to light or
on standing at ordinary room temperature.

The reduction potentials.of four iron(II) derivatives
of polypyridyl-s-triazines and l,lO-phenanthroline'were
determined colorimetrically utilizing the colorimetric,

_ potentiopoised solution method of Smith. The value found
for the derivative of l;lo-phenanthroline was 1'066 (pre-
viously reported 1;06) (25); for 2,L4,6-tris(2'-pyridyl)-s-
triazine in 2.5 F sulfuric acid, 1.08g volts; for 2-amino-
h,é-bis(h'—ethyl—Z'-pyridyl)-s-triaiine in 2.25 F sulfuric,
1.07y volts; for 2-amino-l,6-bis(2'-pyridyl)-s-triazine in

3 F sulfuric acid, 1.09; volts; and for‘Z,h,é;tris(h'-methyl-
21 -pyridyl)-s-triazine, in 3 F sulfuric acid 1.103 volts.

The iron(II) compounds of the polypyridyltriaziﬁes vere
found to be satisfactory as oxidation-reduction indicators

in the titration of iron with cerate solutions, the color
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change being from blue to grayish-green to pale yellow to

the end point which was deep yellow. The best color change
was with ferrous.bis(z,u,é-tri(Z'-pyridyl)-s-triazine) iodide.
The averagé relative error in the titrations of ferrous
ethylenediammoniun: sulfate end sodium arsenite wuas +0.08 per
cent.

The ruthenium derivatifes of the pyridyl-s-triazines
were prepared by boiling a mixtﬁre of ruthenous chlcfide and
the triaziné for an extended period.

Ruthenium bis(2,4,6-tri(2'-pyridyl)-s-triazine) chloride
wés isolated and its composition established by analysis
for ruthenium and chloride. Ruthenium bis(2,L,6-tri(2'-
pyridyl)-s-triazine) perchlorate was prepared by passing
the chlor{de throﬁgh a strong base aznion exchange resin in
the perchlorate forﬁ; The iodide was prepared from the chlo;-
ride by simple double decomposition; it also was analyzed to
establish its composition. The combining ratios of ruthenium
and 2,l,6-tri(2'-pyridyl)-s-triazine, one to two, was also
establisned by spectrophotometric titratioh and by the hethod
of continuous varietions. |

The absbrption spectrum of ruthenium bis(2,h,6-tri-
(2'-pyridyl)-s-triazine) chloride was investigated in some
detail. The system, ruthenium chloride-2,l,6-tris(2'-pyridyl)-
s-triazine, conforms to Reer's law, at pH 6, the molsr extinc-

tion coefficient being 11,600 at 506 ep/, the wavelength of
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maximum absorption. It is formed completely over the pH
rance 1.5 to 8.5. This ruthenium compound can te extracted
into nitrobenzene, in which solution it has a2 molar extinc-
tion coefficient of 18,600. 2,L,6-Tripyridyl-s-triazine
thus should provide a good method for the determination of
ruthenium for the molar extinction coefficient is high and
the rossible interferences fewu.

All of the pyridyl-substituted triazines, nine in num-
ber, yield colored_compcunds with ruthenium with one excep-
tion, 2,&,6-tria¢ino-l,3,5-triazine(Melamine). The absorp-
tion spectra of these hignhly colored cornipounds were obtained;
all show one pezk in the visible region and two-'peaks in the
ultraviolet region. These compounds are stable toward light
et room temperature.

. As the amino group attached to the triazine ring is
replaced by a pyridyl group and further, es substitution is
mede in the pyridyl ring, the molar extinction coefficient
increases. This Tact 1s illustrated by the series of com-
pounds: 2,L,6-triamino-1,3,5-triazine(Melamine); 2,L,é-
diémino-é—(é'-pyridyl)-s-triazine and dismino-lLt'-ethyl-2!-
pyridyl-s-triazine. The first compound does not react with
the metal ions,.the molar extinction coefficients for the
other two are 5,000 and 5,400 respectively. The di(2!'-
pyridyl) triazines: 2-am1no-h,6-bis(2'-pyridyl)-é-triazine
and Z;amino-h,é-bis(h'-ethyl-Z'-pyridyl)-s-triazine, mblar
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extinction coefficients of 10,000 and 11,300 respectively.
The tri(2'-pyridyl) substituted triazines: 2,h,6-tris(2!'-
pyridyl)-s-triazine and Z,h,é;tri(h'-methyl-Z'-pyridyl)-s-
triazine, molar extinction coefficients 11,600 and 11,800
respectively.

The formel reduction potentials of the ruthenium com-
pounds of the various pyridyl-substituted trieszines were
determined colorimetricaliy usin~ the potentiopoiséd solu-
tion method and the potentiometric method.

Ruthenium bis(2,l,6-tri(2'-pyridyl)-s-triazine) changes
vfrom purple to” orange on oxidation, the formal reduction
potential being 1.188 volts., It is very satisfactory for
the titration of ferroﬁs iron or of sodium arsenite with
sulfatoceric scid.

~ Osmium bis(2,L4,6-tri(2'-pyridyl)-s-triazine) chloride
was prepared by fusing osmiw: chloride and the triazine at
260° C.;fbr~one hour. The composition wes established by
analysis for osmium(distilletion-thiourea colorimetric
mefbod), 2;&,6-tris(2'-pyridyl)-s-triazine(spectrdphotol
metric measurement in the ultréviolet), and chloride. The
analysis gave the empirical formula of Osl(TPTZ)2.10012.OO.
Osmium bis(2,l,6-tri(2'-pyridyl)-s-triazine) perchlorate was
prepared by passing the chloride throuéh IR-400 in the per-
chlorate form. Osmium bis(2,L,6-tri(2!-pyridyl)-s-triazine)

iodide was prepared from the chloride by double decomposition

-
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with potassium iodide and extraction with ether; its compo-
sition was established by enalysis, the results yielding the
empirical formula, 0847(TPTZ)5 315 7. The composition indi-
cates that only two of the pyridyl groups of each tripyridyl-
s-triazine molecule are =ttached to the osmium atom and this
was shown experimentally by titrating the unaettached pyridyl
groups with perchloric acid in nonagueous solution. Nitro-
methane, acetohitrile end rlacial acetic acid were used as
solvénts and two ‘equivalents of perchloric acid per mole of
compound were required. -

The osmium bis(2,L,6-tri(2'-pyridyl)-s-triazine) ion
is a satisfactory oxidation-reduction indicetor, the color
chenge, from purple (with & distinct violet tinge) to orange
on oxidation, being very sharp. The formel reduction poten-
tial nmeasured varied slightly with the nature of the anion
present and the method used for the measurements, the poten-
tial being about 1.09 volts. IZxcellent results with this
indicator were obtained in the titration of iron and of

arsenite with quadrivalent cerium.
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