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INTRODUCTIOR



Introdustion.

Several of the insoluble metallie ehromates
sre used mzuly a8 colored pitmtg in the peaint
industry. The most important of these is lead slthough
others, as csdmium and barium, form insoluble or
s1ightly soluble chrometes which sre alse sulteble
r(»- use a8 pigments.

The leed salts have been investigated by
various experimenters who have atudied the uhtim(
of t;:;o color of these chromates to sush festors as
hydrogeon ion concentration, dispersion, pariicle sise,
shemical constitution, ete.

- The insoluble chromates are precipitated
Zrom & dllute solution of the metellic selt either
with sodium or potessium shromates or dichromstes.
" Ernst (1) and others found that the varistion of the
hydrogen ion congsentration of the solutiona does
Qtr.ct the resulting color of lesad chromate pigments
but the 2¢id or base used to affect this change of
pH does not change the coler. Neither does the use
of the different slkali chromates of sodium or potas~
sium nor the d;chrmtas of these metals have any
marked effedt on the color. The time of striking



end the tempersture of the solutions had mo effest.,
Therefore it is believed the hydrogen ion concentre-
tion of the solutions is & determining factor in
eontrolling the eolor of the chromate pigment.

It is the purpose of this investigation
to prepsre other metallic chromates and study the
effest the hydrogen iom concentrstion of the solutions
hss on the resulting coler,



EXPER 'AL



Experimental,

The purposs of this investigetion was the
preperation of different metsllie chromstes by pree~
ipitation from solutions having different tmlrogon
ion emtrﬁtions and the study of the coler of the
resulting chromates, -

The hydrogen ion concentretion of the
solution was determined by the potentiometric method
of Ernst, Pragoff, snd Litkenhous, (1)s In this
method the electromotive forece of a oell consisting
of the solution with the satursted oalomel electirode
a8 s helf-cell and the quinhydrone electrode of
Bilmenn (34) as the indicator elestrode, is measured.
The nlaticn between the messured electromotive

force snd the pH (according to SBrensen) (35) is

E ® 0.4526 = 0.0501 log pH at 256° C.

~ The elestromotive tdru wes determined by
the use of the potentiomster using the cireuit shown
in Pigure 1, The quinhydrone clectrode used dipped
directly into the solution during the titrsztion.
The cslomel electrode wes connected to the solution

by mesns of the selt bridge (potassium chloride and
SRETr—=ager).



The hydrogen ion concentration was varied
by the eold having the common fon of the metsllie
salt, that is all solutions mede from the metallis
shloride were varied with hydrochloris scid snd those
from metallic nitrates were varied with nitric scid,
8ince only sodium dichromste was used in this invea-
tigetion sodium hydroxide wes the anly base used.
The 20ids and base used were approximately 5 normsl.

" The pH of the solutions were varied from
1 to 11, All pH sbove 9 sre doubtful (37}« The
pH of the dichromste solutions corrsesponding to the
observed values of the E, M. F, are probedbly not tha‘
trus pH velues.

It was attempted to prepare the colors
under three diffﬂmt sonditions in order to ses if
the method of presipitating hed sny marked effect on
the resulting color,

_ 1. The dichromeste solution was run inteo
the metellic iom solutiom, the hydrogen ion conoen=
tration of the metallic ion solutiom veried, while
thet of the dichromste solution was held sonstant,

2. The dichromate solution was run into
the metellic ion solution, the hydrogen ion soncenw
tration of the dichromeste solution varied, while
thet of the metellic ion wes held constant.



3¢ The metallic lon solution was Tun inte
the dichromsts solution, the hydrogen ion someenw
tration of the wetsllls ion sclution wes veried while
that of the dishromste wes held aonstent,

All soluunﬁs used were .5 normal when
struck,. The solutions were mede up so that after the
‘addition of the eold or base the volume could be mede
up 80 the soncentrstion of the desired iom would be
«5 normal, A guantity of metallic ion solution was
taken thet would give upp:adxiutaly 15 grems of dried
pigment, and wes moipiﬁtd with a volume of dichro~
mate solution thit would give & slight excess of tie
shromate ion, This insured & more somplete precipi-
tation of the metslllic chromate.

The solutlio: was agitated during end Spprox-
fmately ten minutes efter the mixing. After this
period of egitstion the final pH of the solution wes
recorded end a semple of the pulp color was removed
ind placed in & stoppered test tube, the remainder of
the color was weshed five times by decantstion, with
apyfozmtaly a litey of water eosch washing, The
color was then filtered a'd placed in an oven, at a
temperature of 76 - 80 degrees Centegrade for 24
mn. or until ary. |



Ths pulp colors, after having hoaa.plwod
‘in stoppersd test tubes were compared with the color
plates in Naerte snd Psul Dictionary of Color (3¥).
All referneces to this dictlonery are given in the
form P8 «10L, whioh m;um that the eolor is on
60lor plats numbar 8 and in the am'eomtpchding
to 10L on the shart.

The mass tones wers rubbed in blesched
linseed oil to & paste, and then plsced on glass
slides and compared with t.hc Dictionary of Color,.
The colors shown herein were prepared the asme
way snd pleged om cardbosrd.

The pH valuss for the solutions when
struck corresponded to the following E.M.F. listed

in volts.
1 =.3943 T «=.0396
2 ~,3352 8 +.0196
3 «.2726 9  +.0787
4 =,2160 10 ¢.1400
5 =578 11 +,2000
6  ~.0087

/411 values were teken from & Leeds-Northup
Conversion Table,



ARATUB



Apperetus,

The apparatus used in this investigation
for messuring the hydrogen ion congentration consisted
of & Leeds and Northrup Student Potentioweter cilrcuit.

_Piguvre I.
i °
6o ©O)
e e SePe

R
/1 ot ’c\ k

w
Switeh $ -,,H
Y ®

To Electrode.
8.P. 1s a student potentiocmster {(rsnge O to 1.6 volts,
800 division sesles, 0.6 millivolt sgssuraey.
Bastery 1s a dry cell battery of 1.5 velts.
“Re 18 & Pesistance box { 1 to 1000 ohms).
Switohes are D«F.D.T. switches.
Pe i3 & protective _ross.am of 10,000 ohms



Gs I# & D'Arsenvsl Galvanometer (0.5 microamperes
per mm. sonsitibity, three seconds, eritisal
damping resistancs 2400 olms,

W. 1is e vWeston Cadmium Standard cell {U.S.
Bureau of Stnadard celibratior 1,01868 Intere
national Volts st 22° Conicegrede.

| 9% 4 m. tap Keys.



NATERIALS



Materials,

The materials used in this investigetion
' were sither C.P. selts or were reorystallized. The
| sodium dichromate was recrystallized from s distilled
weter solution heving & boiling point 180 « 185
degrecs Centegreds, It wes found thet below 120
degreeos no crystels would form and sbove 125 degreess
the solution would s0lidify. Small erystals were
obteined by repid cooling end constant stirring the
solution. |
| e following metsllic sslts wers used in

the prepsration of the shimm.

1. Copper nitrate

2. Silver nitrate

3, lMegnesium nitrate

4. Calcium nitrate

S, Strontium ohloride

6+ Barium ehloride

7« Zinc nitrete

8. Ceadmium nitrate

9« Mercuric nitrate

10. Aluminum nitrate

ll. Titenium trichloride

l2. Stannous chloride



13. Areenic oxide
14, Antimony trichloride

15« Bismuth nitrate
16. lNengenese chloridse
17. Ferrous chloride
18, Ferrie ohloride
19, Ccbsltous chloride
20, Nickelous nitrate.

The scids end bese used were of the highest

puritye.






o ‘

- Netallie Chromates,

The metallic shrometes sre saits of
ehromic scid, snd ere analagous to sulphates in
msny respects, aspesisliy solubility, Thus, the
‘tlhn chromstes end those of magnesium and calsoium
arc solubls while lesd snd barium are practicelly
insoluble. The metallie dichromates are sealts of
dichromic acid. In & solution of an alkeli dichro-
mate both the ohromte.' and the dichromate iom are
Mt. Therefore when a metsllic salt is sdded to
a dichromate solution the chromate or dichromete mey
precipitate, deponding on which is the least solubls.
This sccounts for the fact that lesd chromats, end
other metslliic chromates, are prscipitated from
dichromats solutioms. '

Nost insoluble metalile ehromstes are of
some shade of yellowe ( )o The lesd and berium
probsbly being the most sommon, &re both yellew the,
barium shromate being & lighter shede. JNetallie
diohromstes sre usuelly e reddish color, silver,
being & good exempls is s reddish brown. |

Metallic schromates do not form acid nljr.a
as do the sulphates but they do fom basic salts.



e

-~

gensral fsot,

17

HoT<S.Bigitton (2) found that by titrsting metallie
selts with potassium chromate s basic salt would form
at the seme pH &s the hydraxide of the metsl, He
investigated several metallioc salts (Ni, Co, Al, Zn,
Th, and other rare elements) and found this to be & |

't



COPPER CHROMATE



Copper Chromate.

. The normal eopper chromate was prepared
by J. Sehulse (8) by heating copper h droxide and
potassium dishramste in s sesled tube st 220 degrees.
He deseribed the produst as being iron-black or rede
dish brown with the sppesrsnse of hesmatite. The
normal selt was insoluble in wetsr, but lesod
in hot water to & beaie salt, Under ordinery condie
tions Sehulse and others found & basic salt was
formed from e boiling solution of copper hydroxide
end & dichromste. |

L. N. Vauguelin (9) found that a chestnut

brown precipitate formed when s neutral salt of
sopper was trested with potsgsium chromste. This
salt upon analysis consisted of xao'mroa*zn,o.
M. Groger (33) obtained a greenisheyellow presipi~
tate from copper echloride and sodium shromete, which
‘w to a rusty brown when left in contect with
the mother liquor, Ths composition of the gresnishe
yellow was 2Cu(O0H)y+CuCrOqe The rusty-brown precip-
itate reverted to the greenish~yellow uron ',’“mns.



Table I..

Err_ect of Variation of Hydrogen Ion Ceomncentrstion of
~ Copper Nitrate Solutfons with Nitrie
) qm)l and Sodium Hydroxide.
(Sodium dichromate” sdded to copper nitrate, )

Sexple

cu{gga), TR Tl Remaria.
(volts)
1 1 =e3706 1.4 Soluble
2 2 -.3066 2.5 "
3 3 «.2820 2.9 .
4 4 2583 3.3 S1ight ppt.
s 8 -,2061 4.2 Medium ppt.
6 é =, 1992 4.3 Heavy ppt.
7 7 -.1785 4.6 -
8 8 «1O76 4.3 .
9 9 «e1750 4.7 .
10 10 -, 1688 4.9 .
1 1 «.1210 5.6 .

# The pH of the sodium dichromete 2.5,

Time of striking wes 21 secondas. |

On washing the precipitate the resulting
solutions were colored due to the slight solubility
of the pigment or to hydrolysis.



Teble IX.

cmri-oa of Pulp Colors ynwod from Copper Nitrate
and Sodfium BIM

Sample  Index " Neme of Coler.

4 Plé~12P Geld Brown

5 Pli- 9K Bunny |

6 Pl4=12C Tortoise

" P14~10J |

8  Pl4-10K TALLAn )

° Pl4~11K Cigerette, Antique Br.
10 Pl4= 9K Bunny |

11 P14~ 9L Sudsn Br.

# Pulp eelmt as precipitated under conditions
of Tsble I. "

* Numbers 1,2,3 were slmost completely soluble
80 were not considered in the color chart. HNumber B
was sn offshede, no apparsnt resson. ?hno wes &
slight break at pH of 10 (No. 10) from a red-brown to
s greensbrown. Number 5, 8, 10, 11 showed a slight
W in color where ths pigment was in sontect with
the supernstent liquid, which contained chromste and
quinhydrone, The others showed 1little or no shange.



All the clangei were to & derker brown, The series
sxcept for offshades varied from a redsbrowm to a

green=hrown,
Table III.
Comparison of lisss Tone of Colors Prepsred from Cepper
Nitrate snd Sodium DM“‘.

Ssmple  Index Name of Coloer.
4 P8 -l2L Nendslay, Frair .
5 P15~ 9L | |
6 P8 =12  Cattail, Cafe Noir
7 P8 =124 Autum
8 P8 =124 Autum
9 P16-12C
10 P8 ~12A Autumm
11 P13~ 1L

% Color prepered under conditions of Table I,

The series veries from = brown (No. 4)
through & greenish brown (Nos. 5 = 10) then to & light
grosn~yellow (No. 11). Numbers 5 and 9 are offshades
being more green thsen brown. All the ¢olors are brighter
than the duplicats in color chsrt. All the green=~
browns are a dirty color. |



Coler Chart 1.

pH Hame of Color,

4 Nendelsy
Priar

. A -

6 Cattall -
Cafe Noir

7 Autusm

8 Autumm

g WU S G N

10 Autumm




Teable IV,
Effect of Varistion of Hydrogen Ion Concentration of
S8odilum Dichromste solutions with Nitrie

Acid and Sodium Hydroxide.

(Sodium dichromste sdded to copper nitrate . )

Semple pH
Mefra%r  Selia)
-, 4255
= 4350
=, 4520
«,4600

- 4830

© 0O 9 o 0 & O 0w

BEBEEREEEESR
5
!
h
8

b} 3 -y 4325

Finel
pR
5
3
"

ol
8
o7
o7
8
3

Kmkl .

8light ppt.

»
"

ﬁdim ppt.

large ppt.

# The pH of the copper nitrate 1.8
The time of striking was 21 ummu. The
final E.N.F. of these precipitates is lndtmhtﬁly

not trus pH values,



Teble V..

Campsrison of Pulp Colors prepared from Copper Nitrate
»
and Sodium Dichromate.

Ssmple = Index Neme of Color.

15 P14~10D Musterd Br 7,

16 Pl4=124 Alsme™

17 P15=12A Burnt Usber P

18 Pl4-12H  Bombey

19 P15-12A  Purnt Usber P

20 P14=10E Seminole

21 Pl4=11E

28 P14~12B  Apab-Rugbey tan '

# Pulp ccléﬁ as pmipitatod under conditions
of Tsble IV. | |

Ssmples H@rs 12, 13, 14 were almoat com~
Pletely solubls so were not sonsidersd in the color
chert. Humbers 18 snd 20 were offshedes. All the
colars except Number 20 showed & chenge of color where
in contsst with the supernatent liquor conteiming
chromto and quinhydrane. The series varies from a
ten to s red-brown, #ll colors heing & shade or twe
~ darker then those listed in the chsrt. Thers was no
definite break in color st any point except offshades.



Table VI.

Comparison of Mass Tone of Colors FPrepared from Copper
Nitrate snd Sedium Dichromate’

SBemple  Index Neme of Colore
15 P8 -12C Brecken
16 P8 ~12H Cattail, Cafe Noir
17 P8 ~11H Conga *
18 P8 =12 Bronche, 0ld English Br.'
19 P8 -12H Catteil, Cafe Noir™
20 P8 ~]2A Autwm
21  Po -l2E Broneho, Old English Br.'
22 P8 =12H Conga'

# Colors prepam under conditions of
Table IV.

| This series was very constsnt with no
definite bresk at any point. All colors | wore a dirty
green=brown, with no particular offshades except
Nuzber 20 was & 1ittle darker and Number 82 was &
11ttle lighter thsn others. Number 15 wes & more
‘dutinat gresn then any other. The colors were sll
differdnt but not so distineotly dlffchnt as those
in the presceding group (Teble III).



16

7

Cattall
Cafe lNoir -

0ld English Br

Cattall
Cafe Noir

Autumn

Broncho
01d English Er.

Conga



Tsble VII.

Effeet -of Varistion of Hydrogen Ion Concentration of
Copper Nitrete Solutions with Nitrie
"Acid and Sedium Hydroxide.
(Copper nitrate sdded to sodium dichromate )

I
, (volts) |
23 1 =240 .5 Soluble
24 8 -, 3978 1.0 8light ppt.
25 3 w3710l ...
26 s «s3540 1.7 . Nedium ppt.
27 5 =o3890 2.1 ‘Large ppt.
28 . ~3000 2.6 .
29 v ~2845 2.9 .
so 8 ~e2467 3.5 .
31 9 -a2197 4.0 o
= 10 w1676 4.8 .
33 1 1196 5.7 | .

4 The pH of the sodium dichromate 8,56

This series is very compsrsble t#o‘ the series
prodused in Table I, in Quantity of precipitste and
the pH ef the solution containing the precipitated color.



Table VSIE.
Comparison of Pulp Colors Prepared from Copper NHitrste
and Sodium th:

Ssmple - Index ¥ame of Goler.
26 P14-18D  Hippano
27 Ple~12H Bombay
28 P14~11D '
80 P14-118
80 P14=11K Cigavetts, Antique Br.
31  Pl4=-10L Antique Bronse
8 P16~ BN Rubber
33 P15-10L Whippet.

# Pulp colors prepared under sonditions of
Table VIY. | |

Numbers 83, 24, 25 were slmost completely
- moludle 30 were not considered in the color chart.
The series runa from s reddish brown (No. 26) to &
'm {Ne. 31) end then to a derk greenish brown (Nos.
3% = 33)¢ Some colors were & shade or two darker than
the corresponding coler in the chart. There is a
definite bfesk in the series st the pH of 9 {(Ko. 31),
with no psrticular offshedes. The colors showed the
shareasteristic eolor chenge where in contect with the
supernstent liquid,.



Teble IX.

Comparison of Nass !’m& of Colors Prepared from Copper

Sample

256

Teble VII.

8§ 8288833

¥itrste snd Sodium Dichromates

 Index Neme of Color.

Ple- 8H

Plo= 90

P15~ OH .

P 8188 Cettail, Cafe Noir

P 8~12a Autumn

P15 8L |

P18~ BL

P15~ 8L

Plb=- 8L

# Colors prepared under conditions of

The series of colors varies slightly from

e green-brown (No. 26) to & light brown (Nos. 26~87)
then to a dark brown (Nos. 28 « 29) and the last
colors ars 2 light greenish brown {Nos. 30 - 33).
All the changes were distinet end very pmﬁ:msd.

This series of colors sre very comparable to those
discussed under Table IIlI. The chenges wers at
spproximstely the ssme pH but the colors at any
partisular pH did not mateh.



Ssmple

26

27

30

31

PR’

10

Coler Chart 3

Hame of Color.

Catteail
Cafe Hoir

Autumn

31



Genersl Comparison of Colors ‘Produnea

' from Copper Nitrate,

The pulp c¢olors of these precipitates are
all browns or green-browns. The method of striking
soemingly hed little effsct on the color since the
tw_e series of colors prodused by roversse methods of
striking (Tsbles II snd VIII) ave vory similsr, The
colors campered in Tsbles II and VIII veried spproxe
imately the seme from bré:n t0 & green=brown at the
same pH vaim. The pulp solors in the other series
where the pH of the dichromste solution wes veried
were very ditfomt from the other two series, These
wers mostly reds or red-browns with 1ittle change
st the various pH values,

The method of atriking had little effesct on
the mass tone of the different precipitates. The
mass tones of Tables III and IX (reverse method of
striking copper nitrete solutions) were vory som=
perable, although the individusl colors at tny par-

" tisuler pH were not menticnl; The sories &s & whole
varied from & brown to a green=brown, being nearly
similer st pH of © end 10, The other series of colors
{Teble VI) was very constant with no definite bresks
st eny point, nor eny offshsdea,






8ilver Chromete.’

Silver chromete has been prepared in
several ways. L. N. Vauguelin (3) found that the
method of striking concsntrated solutions formed
different colored preicpitates, When the chromate
solution was dropped into the ailver nitrate sol-
ution 8 reddish drown preicpitate formed while thse
reverse method of striking formed sn orsnge red
preeipitzte which was oonteminated with the potas~
sium salt, Silver chromete has .mo been prepared
from silver oxide and potassium ohromete, silver
scrbonate snd chromic oxids, silver oxide and potas-
sium chromate, silver bromide and chromic acid, snd
silvex d:lchrcnite. The normesl silver dichromate was
prepered by H. loser {36) from cshromic acid and
slliar nitrate.

Silver shromste veries in color with the
way of prepsration. R. Hunt believed thzt dlechro-
mete solution exposed to sunlight eng:ud the verie-
stion of color., F. Bush (5) found the time of pro-
oipitation of the color produced different colors.
Cs Preese (6) and others found that if the silver
selt was in excess when the chromate was prodused



from & silver salt and s chromate, the red vsristy
was produced, and the result wes not affested by
Wt‘mg on the other hend when gilv:r dichro-
mate was dscomposed by hot or cold nier or when &
soluuqn of silver chromate or diohreqato W8S evap-
orated severecl observers heve found that green oyrstals
were formed. F. Kohler (7) found that the pure
silver chromate was greenishebleck but the selid
took in nitrates of either potaasium or manim,
and in each case the solor was red, He therefore
stipibuted the color to impurities in the solid. It
is interesting thet the specific gravity of the
different colored silver chromete veries being; 5.536
for :he green and 5,683 for the red variety.



Tabls Xe

Effect of Varistion of Hydrogen fon Concentration of
Sodfum Dichrometis Solutions with Nitrie
Aoid end Bodium Hydroxide.
{Silver nituu’nm to sodium umu.)

Semple pH Rxoess Remerks
HagCrely
s¢ 1 Chromate slight ppt
35 2 . Medium ppt.
s6 3 . “ =
37 4 Bllver Nitrate o=
38 5 » Iarge ppte.
S0 6 ] |
40 7 " .
u 8 ”
‘8 ’ .
43 10 . .
PYe 11 - "

# It was found impossible to determine the
PR of silver nitrate solutions with the guinhydrone
electrode, so the pH of the dichromaete wss varied and
the silver nitrete held constsnt. |
» ™he time of striking was 206 sesonds.



Teble XX«

Camparisan of Pulp Colors Prepared from Silver Nitrate
and Sedium Dichrmte:

Ssmple Index Heme of Color.

P7 - 7L
P66 -i0L
Pé ~311L
P8 =-12L
P8 =11K
P7 «10L
P? - 9L
P8 = 4L
P7T -11J
PT - 9L
P7 - 1L

P& RE 8 8B Y QR

Maroon

Cubs , Wellflowar.
Egyptisn R., Aloasar
Indisn Red.

Kobe

Kettledrum, Mensenite,
Kosak, Captic

Andons

Cordova, Cestillon
Kozsk, Captis
Melaya.

# Colors prepsred under conditioms of

Table X.

The series of colors runs from s reddishe
purple at 34 to reds, then to reddish-browns, There
1s » definite bresk et pH of 8 (No. 41) from e red
to 8 reddishebrown, The series is verisble, heving
& light pesk at pH of 4 (No. 37) and pH 7 (No. 40).



Table XXI.
Comparison of Mess Tone of Colors Prepsred from Silver
Nitrete snd Sodium Dichremate.

Ssmple Index Nems of Color.
54 "§e-a Brisrwood
38 P7 = BL Mssgcere
6 P - Naroon
57 PT = 7L Maroon
38 P7 = 5L Algerisn Red, Crimson Neples
3 P7 =30L Esttledrun, Manssnits |
40 P7 «10L Esttledrum, Nansanits
4 P8 = BL Zensider
Y P7 =11L Coramendel, Tuscany
4 4 P7T =115 Coromandel, Tuseeny
44 . P el0L Kettlsdrum, Nenssnita
» Colors prepared under conditions of

Table X. \

This seriss of colors were all reds
varying only slightly. Hos. 34 and 41 were offshedes
while No. 38 was a little lighter than the other
rods.



Sample

36

37

10

com Chart 4,

Neme of Color.

Algerisn Red
Crimson Mepls

Ksttliedrum
Nensanita

Kanpenita
Zansibay
Coromandel
Tusseny
ém&ol

Kottledrmm
Mansenits



Table XIIZ,
Effoet of Veristion of Hydrogen Ion Consentretion of
Sodium Dichromete Soluticns with Nitric
Acid snd Sedium Rydroxide.
(Sodium Diehromate sdded te Silver nitrates)

Semple pH - Excesa Remarks.
¥a.Cr,0, ”

45 1 Chromete Slight ppt.
46 2 bt Nodiwmma ppt.
47 3 » "

43 4 Silver ¥itrate "

49 6 b Large ppt.
50 8 L] : ]

1 7 . B

53 8 L 4 "

B3 9 o ” »

54 10 . o

55 11 " .

# 3ince 1t was found impossible to obtain
the pH of silver nitrete solutions with the quine
hydrone electrode, the pH of the sodium dichromate
was varied, and thet of the silver nitrste held

sonstant.



Table XIV.

Comparison of Pulp Colors FPrepsred from Silver lNitrate
and Sodium Dichromates

Semple  Index Neme of Color.
45 P8 = 6A
46 P8 - 68 Rose Ebony _
47 P8 -~ 63  Germet , Spenish Wine.
48 P6 =11L Egyptisn R., Alosser,
49 P = 9L Karek, Coptic |
§0 P7 -10L Kettledrum, Menzanite.
51 P6 =11L Egyptien R., Aleszar.
52 P7 = 1L Enlegs
53 P7 =187 Chutaey
5¢ P8 - 9L Mersosibo, Domingo Brown
85 P7 = 4L Akbor

# Pulp colors prepared under sonditions of
Table XYIX. |

This series of colors runs from e dsrk
purple (Noe. 45) to 2 ved (No. 51) then to a red brown.
There is e definite breek st pH of 8 (No. 52) to e
red brown. The series is verisble having s light
peak st pH of 4 (No. 48) and pH of 7 (Ko. 51).




Table XV,

cmm of Mess Tone of Colors Prepared from Sum
-
Nitrate snd Sodium Dichromats,

Semple  Index Neme of Color

45 P8 - 67 Brisrwood ~
46 P7 - TL Meroon
47 P7 =11L Coromandel, Tusseny
48 P7 = 9L Kozak, Captie '
49 P7 - 7L Naroon

. 80 P8 - 9L Msroseibo, Domingo Brown-
51 P8 - 7L Carbunsle
52 P8 =~ TL Cerbuncle
63 P7 =11L Coromandel, Tuscany
54 P8 - 7L Cerbuncle
85 P8 = 6L Nirsdor, Art Brown

& Colors prepsred under conditions of
. Teble XIII. '

This series of colors were all reds, HNos.
45 and 46 wers a 1ittle dsrker than others, while
Nos, 51 end 52 hsd & slight brown tint. There were
no definite breeks or offshedes.



Ssuple

47

61

pH

1.

Coler Chart 5.

Beme of Color.

Coromendsl

Kozak
Captie

Nereceido -
Domingo Brown

Carbunole

Carduncle

| Coromandsl}

Tusoceny

Carbuncle

Mirsdor
Art Brown




General Comperison of Colors Prodused
from Silver Nitrate.

The two series produced pulp colors very
somparsble to eseh othsr, At pH of 68 (Hos. 30 end 50)
the colors prodused wers exsstly the same, The
series as & whole bresk st the ssme pH valus of 8,
with cmnm light pesks at pH of 4 and 7. The
first color in esch series are the only ones showing
s distinct color difference. |

' ‘rbc'wnn tones were also very comparable.
The method of striking had little or no effest on
t.he:colar pre&n«d. At pH of 1 the solors were
exsctly the same snd st other pH veluss the varis-
tion was slight., Ko 41 wss ths only color that was
distinotly dif:omt from the correaponding oolor in
the other series.



NAGN:SIUM CHROMATE



Negnesium Chromate.

Magnesium ehromete is completely soludle
in water, {60 grsms per 100 ec.). The erystals are
orange~yellow six sided., MNagnesium chromate 1s
prepared, under e canadisn pstent {10), by tresting
s magnesium sclt with an alksli shromeate, the
alkell metal and the acid rsdical of the megnesium
selt forming 2 more difficultly soluble salt than
the chromete., Many double salts of magnesium and
chromium have bna prepared.



Table XVI.

Effest of Veristion of Hydrogen Ion Conceatrstion of
Nagnesium Nitrste Solutioms with Nitrie
Aeid and Sodlum Hydroxide.
(Sodium dichrmto’addod to megnesium nitrate)

s@h pH Pinsl Romarks.
ogds Sy ™
86 1 - 7625 Soluble
57 2 «o5100 "
58 3 ' =y3565 1.7 »
59 4 «3200 2.3 .
. 60 5 =43200 2.3 .
6l 6 =.3150 2.4 -
a2 7 -+3200 2.3 .
63 8 -.3160 2.4 "
6t ] -o3250 2.2 »
és 10 =4, 1200 5.6 darge ppt.
66 11 -y 1335 S.4 "

# The pH of the sodium diechromate 2.5,

Upon setting for 12 hours Nes, 58 « 64
formed & dark solution from which wes flltered a . .,
small emount of color,

The time of striking was 25 sesonds.

4



SALCIUN CHEOMATE



Csleium Chromate,

Celoium chromate is completely soluble

in weter (22.2 grams per 100 66.). T. Thamson (11)
end H, Moser (36) found that & solution of caloium
chloride snd potassium dichromeste alowly formed a
precipitete which when analysed by J. F. Bshr (12)
wes found to vary from CaCrO, to 5CACrO4+Kglrog.
When free scetic acid was present H., Kemmerer {13)
end Fo Te mnahs (14) observed no precipitste.
Cealeium chromate 1is preparoc under a Canedisn pate
ent (15) by roasting en intimate mixture of finely
gromd ferrochrome, lime and alkeli metal csrbomats.
The compound is usilj sonverted uinte other shromates

sand chromic acid. m basic salt has alsc been
prepeared wmeh yeixdad leman-yauov monoclinie
prisms., MNeny double salts of ealcium end chromium
hsve been prepared, |

49



Table XVII.

Effect of Varistion of Hydrogen Ion Concentration of
Calcium Nitrste Solutions with Nitris

Asid and Sodiun Hydroxide.
_ . ‘
(Sodium dichromate sdded to ealcium nitrate,)

e;(gg,)g O -unnd R
(volts)

o7 1 «$7200 Soluble
) 2 5325 .
] 3 4200 0.6 .
70 4 «e35850 1.7 .
73 5 =3775 1.3 "
8 «.30056 2.8 .
73 7 .e3016 2.6 .
74 8 -2950 2.7 .
78 9 w2950 2.7 .
76 10 ~2850 8.8 -
7 11 .s2650 3.8 .

# The pH of the sodium dishromate 2.5.
The time ¢f striking was 30 seconds.

No further investigstion wes made of this
group since all proved to be soluble. A

14



STRONTIUM CHROMATE



Strontium Chromate.

Strontium chromate ia precipitated from
oontentrated solutions of strontius ehloride snd &
chromats, but J. D. Smith (16) observed that no
precipitate formed in dilute solutions. Strontium
ehromate is not precipiteted from strontium hydroxide,
neither will it precipitate from sn asetioc scid
solution. L. Bounéuoiq {17) cbtained the sryataline
sslt by fusing strontium chloride with sodium end
potessium chromstes. Strontium chromate has been
used as & pigment, and is commonly known 8s lemon~
yaliaw, end strontium yellow.



Table XVIII.

Effest of Variation of Hydrogen Iom Concentration of
Strontium Chloride Solutions with Sedium
Hydroxide snd Hydroshleris Acid.
(Sedium Dichromate” added to strontium shloride)

Semple  pH Finel Remarks.,
8¥Cl, B.M.F.  PH o
{volts)

8 1 « o 5545 Seluble
™ 2 3375 2.0 .

. 80 3 w8515 3.4 .
81 P «B515 3.4 .
0 5 ~e2370 3.7 .
83 s «a2310 3.8 .
o ) 8310 3.8 .
85 8 8195 4.0 .
86 9 2110 4ol .
87 10 ~e2006 4.3 .
8 1 «dBT0 4.5 .

# The pH of the sodium dichromate £,5.

The time of striking was 20 seconds.

No further investigation was made of this
group since sll proved to be seluble.



BARIM CHEGMATE



Barium Chromste.

Barium chromate has been prepared by
msny experimenters in many different prooesses.
When sn aquous solution of a barium salt is treated
with en alkell chromate or dichromate, a psle ysllow
precipitete of bearium chromate is formed. Barium
dichromste san be prepered either from barium
chloride or barium chromate sand concentrated chromis
secid. The dichromete decomposes to the monochromate
in ¢o0ld water. ‘ Barium chromaste and barium sulphate
are sbout equslly soluble, doth being more insoludle
than the carbonaté. He 'aoaor {36) found the psle
yellow berium cshromete changed to a derk yellow upon
hoating. Bsrium chromates has been used as & pigment
iseing commonly known es ultrsmsrine yellow, lemon
yellow, and permsnent yellow. Severel double salts
of barium and chromium have been formed.



Table XIX,.

Effect of Varietion of Hydrogen Ion Concentration of
Barius Chlorids Selutions with Sodium

Hydroxide end Hydrochlorie foid.
(Sodium dichrmtq‘m to barium chlorids)

Ml. pH Finsl Remarks.

BeGlg (52'{';3 -
a9 b § e GAR5 Grenulsr ppt.
90 2 =4 6180 "
91 3 =+ 6100 - .
92 4 -, 5990 ” .
93 5 -y 5936 "
94 6 =, 5840 "
95 7 -, 6228 .
96 8 -, 8350 _ "
97 9 = 6400 "
98 10 e 6375 "
99 1l -o 8380 .

# The pH of the sodium dichromete £.5.
The time of striking was 25 seconds,

The final E.N.F. was not 2 true pH value.



Table XX,

Comparison of Pulp Colors Prepared from Barium Chleride
| .
and Sodium Dichromate.

Ssaple Index Rams of Color,.
P10~ 12X
P10- 1K
P10= 1K
P1l0= 1K
P10~ 21X
Po - 1L
P~ 1L
P10~ 1L
P - 17
Pe - 1L
P = 1J

EEEEEREEEEERE:

# Pulp Colors prepared under the sonditions
of Tsble XIX.

The seriea of colors varied slightly from
& light yellow to & darker yellow at pH of 8 (Ne. 95)
then to s lighter yellow. The only bresk in the
group was st the pH of 8. |



Table XXIX. A

Comparison of lsss Tome of Colors Prepared from Barium
‘ -
Chloride snd Sodium Dichromate.

Sample

21

93

96

96

97
o8

Table XIX.

Index

P10~ 1K
P10= 1L
P10= 1L
P10= 1L
P10~ 1L
P10- 2L
P10=- 2L
P10~ 4L
P10~ 1K
P10= 2L
P10~ 1J

Neme of Color.

Aureolin P

Light Chrome X
Aureolin P

# Colors produced under conditions of

All colors were either a yellow or & cresm,
Nos, 96 and 98 were yellows, Nos, 87 and 99 were &

oream, while Nos, 89 = 95 varied from a Gresm to &
medium yellow,
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Seaple

8

E B o0 a0 0 » a 0 m

o2

08
109
110

Table XXII,
'Ettgnt of Variation of Hydrogen Yon Consentration of

Sodium Diohrcmate Solutions with Sodium

Hydroxide and Hydroechlorie Acid.

pH
Ne Croly

Final
(voria) O
=+ 8090
- 6245
e 0R4B
e 8150
=+ 6008
-e2330 3.7
~e1390 5.3
=+1065 5.9
“s0050 840
0015 6.1
~0450 8.4

(Sodium dichramste sdded to bsrium chloride: )

® The pH of the berium chloride 2.4

Time of striking 26 seconds.

It will bs noticed that when the R.M.F.

becene equivelent to & pH value the charscoter of
the precipitate changed.



Table XXIXT.

Comparison of Pulp Colors Prepared from Barium Chloride

»
. and Sodium Dichromate.

Semple  Index Neme of Colar.

100 P9 =~ 1L

101 P10~ 1L

102 P10~ 1L

103 P10~ 1E

104 P10~ 1E

105 P10~ 1P

106 P10~ 1D

107 P10~ 1F

108 P10~ 1P

109 P10= 1D

110 P10~ 1D

# Pulp Colors prepered under conditions of

Table XXIX.

None of the sbove colors were named in the

Distionary of Color. The seriss of colors runs
slightly to & dsrker yellow (Nos. 100 « 104), but
with the ehange im the charscter of the precipitate
there is & cmupenﬂing shenge in the color, to



& light cresm gradually becoming whiter, with the
rise in pH.

Table XXIV.
Camparison of liass Tone of Colors Prepsred from Barium
Chloride and Sodium Dishromeate.

Ssmple Index Name of Color
100 PlOo= 1K
101 PlomSL  Aureolin
o2 nb- 2L Awreolin »

108  PlO= 1H
106  P10- 1
106 P10~ 18
106 P10~ 10
107 P10= 10
208 P10~ 10
109 P10= 18
110 Pi0- 0.

# Cclors prepared under conditions of
Teble XXIT.

This series of colors were all yellows or
orosms. KNos. 100 -« 102 were yollows with 100 a little
lighter shade, while Kos. 105 = 110 were all cresams,
varying only slightly.



Color Chart 7
Name of Color

PH
i

101

11




Effect

Teble XXV.

of Variation of Hydrogen Ion Concentretion of
Barium Chloride Solutlions with Sodimm

Hydraxide and Hydroehloriec Acid,

: *
{Berium chloride sdded to sodlium dichromate.)

Sinple

1
112
113
124
118
116
117
118
119
120
122

PH Final Remarks
"207e% Iy ¢B

p 3 =, 5900 Granunlar ppt.
2 = 6876 .
3 =, 5650 "
4 -.5480 .
5 - 5430 ®
6 -, 6400 .
7 -y 8340 bl
8 -4, 6400 "
] -4 6385 .
10 -, 6340 .
1l » 48325 b

# The pH of the: sudium dichromate 2,5,
The time of striking was 25 mnnﬁl.
The results ere very comparable to the

results in Table XIX, in the kind, quantity snd
color of precipitates produced. )



Table XXVI.

Comparison af Pulp Colors prepered frm Barium Chloride
snd Sodium mohrmto.

Sample Index liame of Color.

111 P10= 1K
112 P10~ 1K
113 P10= 1L
114 P10= 1L
115 P10~ 1L
118 P9 - 2L
127 P9 = 3L
118 P9 - 3L
‘319 P® =~ 1K
120 P9 « 2L
12} P9 - 1K

# Pulp colors prepsred under conditions of
Teble XXV.

None of the sbove colors were named in the
Dictionary of Color. There wes very iittle shenge in
the aseries, los. 111 - 116 being prsetiecslly the
ssme. Nos. 117 snd 118 chsnged slifhtly to a derker
Yellow while NHos. 119 « 121 graduslly changed to a



eresm, Number 120 (pH 10) wae san offshsde. The
bresk in the series was 2t 118 (pH 8); Numbers

116 snd 117 showed s chenge in color where in contact
with the supernatent liguid,

Table XXVII,
Compearison of Mas:s Tone of Colars Prepared from Barium
Chloride snd Sodium Dishromates

8emple Index Nama of Color

111 P10 1K

112 Pl0- 1L

113 P10= 1L

114 P10~ 1L

115 P10~ 1L

116 P9 = 2L

117 Pe - 2L

118 P10= 4L Light Chrome Y ¥

119 P10~ 1X

120 !"10- 2L

121 P10 1J  Sulphur Y, Citrus,

% Colors prepared wder conditions of
Teble XXV.

All colors mre ye:lows or creams, Nos. 118
and 120 were a desper yellow then others while Kos.
119 and 121 were oreems, HNos. 111 -~ 117 varied graduw~
elly from & ore:rm to & light yellow.



Heme of Color.

T

3 !




general Comparison eof Colors Prepared
Lfrom Bsrium Chloride.

The pulp colors of the precipitates from
berium ehlom ware very similer, espesially those
prepared from sclutions of the barium ssalt having
verying hydrogen ion cencentrations. The charaeter
of the precipitate in each is 2lso similar. The
series in each eass broke at the seme pH wvelue,
although the veristion was alight. The series as s
whole varied little from essh: other, showing the
method of striking had little effect on the resulting
cam. The other series of oolors, exospt for the
flosculent presipitate, prodused colors almost the
seme 88 the two other series, The flosculent presip-
itates were much lighter yellows and at the higher
PE values was almost s white.

The reverse method of striking the solors
bhad no effect on the mass tomes since the colors at
different pH values were slmost identical (Tables
XXI and XXVII)e All the colors were either yellows
or e¢reams., The othar series, prepared by mmg
the pH of the sodium diohromste, produced mostly
cresms. The first three colors in that series were
yellows while the others were soms shade of ereem,



T




Zine Chromste.

Normal sine chromate is not easily pre-
pered since in concentrated solutions at high tem=~
peratures oxygen is given off snd in more dilute
solutions the basic selt is formed. (38) Seversl
experimenters have however cobtained the normsl sslt,

Je Sshulse (8) described it ss being s lemon~yellow
microscopic ery:tih, which are insoluble in water,

The basic zinc shromates that form are of indefinite
somposition end hsve been used ss pigments in paints.
They are commonly c¢alled sinc yellow, gin¢ chrome, or
yolim ultramerine, Four basic salts of definite

} somposition heve been prepsred by different exper~
imenters. They sre sinc trioxychromeste,(4¥n0*Croy°
SHp0), sinc diocxychromate (3Zn0*Croy-2H;0), sine oxy=-
chromate (22n0+CrOs+1df;0), and xinc exybisehromate
(3Zn0°2Cr0xz+Hg0). Zinc chloride in en aquous solution
of ¥e Or SN. potassium dicshromate fromed & yellow gran-
uler precipitate (4Zn0eX,04Cr0g*3H;0) which when washed
with hot water several times wes converted into a derk
yollow precipitate (ZnCrog+3Zn(OH)g). A dariker precip~
itate is formed when an excess of potassium dichromate
is used than when sn excess of the zine salt,



Table XXVIIX.

Effect of vmiuoa of Hydrogen Ion Concentretiom of
Zino Hitrate Solutions with Hitrie
Acid end Sodium Hydroxide.
(Sodium dlchromate” sdded to sine nitrate)

pH Finel Remsrks
Za(Ko, ) X KR pH
(volts)
122 1 ~e6485 Soluble
123 2 43560 1.7 .
124 3 =+3000 2,6 .
128 4 «2500 3.4 .
ize B 2350 3.7 .
127 6 «.2000 4.3 .
128 7 »el525 5.1 Heavy ppt.
129 8 =41160 5.7 | »
13/ 2 - 0945 8e1 »
132 10 -a0045 6.1 ‘ .
12 1 = 0050 6.1 .

# The pH of the sodium dichromste 2.6

All precipitetes were formed from solutions
in which a large amount of baslic sslt wes precipitated,
before the addition of the sodium dichromate.
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Table XXIX.

Comparison of Pulp Uolors Prepared from Zine litrate
-
and Sodium Diechrommte.

Ssmple Index Neme of Color
128 Pl4~12L Sudan Br ’
129 P13~ 9L Chipmunk
150  Pl~lllL  Oak, Brisp
131 P14~10K PALLIn
132 Pl4~12L Sudsn Br

# Colors prepared under conditions of
Teble XXVIIiI. o

This series of colors were all browns,
Samples Nos. 129 - 130 showed & light yellow precip-
itate which wes heterogensously mixed in with the
dsrk brown precipitate. All the precipitates were
very flocculent and sbout the seme shads of brown.
No precipitste fromed from solutions thet were not
basiec enough to precipitate the hydroxide, before
sdding the chromete,



Table XXX.

Compsrison of Mass Tone of Colors Prepared from Iine
.
Nitrets and Sodium Dichromsts.

Semple  Index Beme of Colowre.
127 P8 «10J Jeve , Homed Brown'
iz P13~11L Buffsle
120  PASe 9L
130 P13=111 Buffelo
131 P15~ 9L
132 P13=-10L Whippet

# Colors prepared under conditions of
Pable XXVIIX.

This greup of colors were gn some shade
of brown, varying slightly from a grsensbrown to
s medium brown,.



Coler Chart 9.

Ssmple pH Esme of Color

. e
Homsd Brown *

128 7 Buffalo .

- — @

130 ¢ Buffslo '

3 20 e .

138 11 Whippet ‘




Table XXXI.
Effect of Varistion of Hydrogen Ion Comcentrstion of
| ‘Sedium Dichromete Solutions with Nitrie
Acid snd Sodium Hydroxids,
{Sodium dichrowste sdded to sing nitrate?)

Sswple pH . Pinal Remarks

R 4 B

135 1 3550 1.7 Seluble
134 2 43250 2.2 -
15 3 .3625 1.5 .
156 4 —.#m | s.(iw .
137 5 -.1880 4.5 Heavy pps.
18 6 -1884 4.5 .
1 7 «1790 4.6 .
140 8 «.1660 ' 4.0 .
141 9 ~1580 5.1 .
42 10 “1436 5.8 "
43 1 ~1STO  B.é .

# The pB of the siné nitr:zte l.6.

The precipitates in this series sre very
similar to those in the preceding series.



ve

Comperison of Pulp Celors Prepared from Zine Nitrate
~ and Sodium Diehromate.

Ssmple  Index

Butkthorn Br, Sume
Peruvisa Br
Peruvisa Br
Rew Stenna P
Rer Stenne P

Raw Sienns P

# Pulp eolors prepsired under sonditions of

137 P13~ 8L
138  Pi3e 8L
159  P13-11L
140 P13-11L
141 Pi3-10L
148  P13-10L
43 Pi13-l0L
Table XXXX.

This series of colors wes very cﬁnstmt,
a1l being browns, with Nos. 157 « 138 nearly s tan,
and Nos.139 « 140 dark browns while los. 141 =~ 143
were modium browns. All the precipitates were floo=
culent similar to those in Teble XXIX. |



Table XXXIII.

Comparison of Hass Tone of Colors Prepsred from Zinc
Hitrete and Sodiunm Dichrmtn:

Sample Index Name of Colore.

137 P8 - 8J Jave Brown

138 P8 = 83 Javs Brown

139 P8 - 8J Jave Brown

140 PB =12E Broncho, 01d English Br
141 P8 «~1lH Congo

142 P8 =12E Broncho, 0ld English Be.
143 P8 ~10J Faloon, Muskrat

% Colors prepsred under conditions of
Table XXXI.

This group of colors veried only slightly,
all colors being & medium brown.



' Ssmple pH

137 8
138 "6
10 7
140 8
11 9
48 10
s 1n

- Coler Chart 10,

Nemeo of Color

Jeva Brown

Smm

014 English Br.

Cengo

014 English Br

Feloon



Table XXXIV.

Effect of Variation of Hydrogen Iom Gonsentration of
Zine Nitrate Solutions with Nitrle
Acid and Sodium Eydroxide.
(Zine nitrate sdded to sodium dichromstes)

Final Remarks,

Ssmple pH
miie un ™

TV O - 6880 Soluble
145 4 =, 3000 ' 2.6 o

146 3 ~.3125 2.6 .

147 4 2838 2.9 .

M8 & ‘w8500 3.4 J

149 o 2300 3.8 8light ppt.
10 7 . 2675 4.9 Heavy ppt.
1L 8 =185 5.8 .

2 9 «0060 6.1 "
153 10 -0100 7.8 .

¢ 1 «s0050 6.1 .

#* The pH of the sodium dichromats 2.5,
This series is very compsrsble to the
series produced in Teble XXVIII, which is the reversse

method of strikinge.



Table XXXV

Compsrison of Pulp Celors Prepared from Zinc Nitrate
and Sodium Dichromstes

Samplse Index Hame of Celor

49 P13~ 8L Buckthorn Br, Sumse
150 P13~ SL Chipmmk
183 P13~ 8L Buskthorn Br, Sumse

182 P13~ 9L Chipmank
153  Pise €
154 P13~ 0L Chipmunk

# Pulp solors prepsred undsr conditions of
Table XXXIV.

All ths prescipitates, except No. 150, had
8 light yellow eolor hetrogeneocusly mixed in with
the brown precipitate, which mede up the bulk of
the eolor, The mﬁ of colors, exeept for the
yellow prcceipitate, was constant /Iith o definite
bresk in color snd no particular offshedes.



Teble XXXVI.

Comparison of lisss Tone of Colors Prepared from Zine
Nitrate and Sodium Dichromates

Sampls Index Hame of Color

180 P15=10H
151 P15~ 8L
152 P15~ 9L
155 P~ 7L 0l4 Eronse
154 P16= 9L

# Colors prepered under sonditions of
Table XXXIV,

This group veried only slightly, sil colors
were & modium brown or & green brown.



Sample

151

pH

11

Color Chart 1l.

Heme of Color

0ld Bronse

i e




Genaral Comparison of Colors Prepared
from Zinc Nitrate.

The precipitates from sine nitrste snd
sodium diehrmu were rromod only when the basie
salt of zine hydroxide wes premt Mewe striking.
All the eolors were brown except m the pm:ps.-
tetes was intermingled usn & light yellﬂw Mleh
The method of striking had little afteat an the vari=
stion of the pulp eolor, sincs the ta_:o series of
colors prepared by reverase methods of striking (Tsbles
XXVITI end XXXIV) were practicslly the ssme. 7The
other series of colors (Tsble XXXI) wes more canstant
end the colors & more distinct brown then the other
solors prodused from sinc nitrate,

The mass tones were &ll browns or green-
bdrowns. The method of striking had little effest
on the mass tones, as it had on the pulp colors.
Host of the colors were 2 dirty color and not a
good color as those produged from other metals.



CADMIUM CERONATE



Cadmium Chromate,

Normel ssdmium chromate has been prepared
by Se Be Co Briggs (18) by hesting a mixture of cad-
mium oxide and chromium trioxide in & sealed tube for
three hours st 200 degrees Centegrsde. It was also
prepared by J. Sehulse (8) frem cadmium dichromate
and osdmium hydroxide under practicslly the seme
comditions., The normal selt is & yellow orystalline
powder. Basic selts have deen formed thet have a
orango=~yellow color varying slightly with different
compositions. The besic shromete, sceording to F.
Rose (19), has besn used ss & yellow pitment but
its cost 1limits it to fine uré work.



Table XXXVII.
Effect of Veristion of Hydrogen Ion Comoentretion of
Cedmium Nitrste Solutions with Nitrie
' Ae1d end Sodium Hydroxide.
(Sodium dichromate sdded to cedmium nitrate)

semple u(:g,)g R pemere
{volts)

185 b 3 = 45000 Soluble
156 2 -,2750 3.0 . =
157 S -,2650 = 3,2 .
58 . 4 =-,2650 3.8 : .
159 & -~ 2750 3.0 "
160 8 = 8700 3.1 "
161 7 - 2700 3.1 .
162 8 -1360 Sed Grenulsr ppt.
163° 9 ) 6.6 .
164 10 -~ 0310 T8 il

186 1 ~s0100 840 .

# The pH of the sodium dichromate 2,5,

The time of striking was 18 seconds,

It is interesting to note that no precip-
itate formed st a pH velue below 3.1 for the mother

liquor.



Tabls XXXVIII.
Comperison of Pulp Colors FPrepared from Cedmium Nitrate
and Sodium Dichromste.

Ssmple Index Rame of Color
168 P9 - 1J
163 P9 -~ )X
is4 P9 - 1K

Y. PO - 1L
# Colors propered undoer sonditioms of
Teble XXXVII.
This series of colors veried little, sll
were yollows cherssteristic of insoluble sedmium
chromate. No bmk or offshades lirc noticed,

Table XXXIX,
Comparison of Msss Tons of Colors Prepared from Cadmium
-
Nitreate and Sodium Dishromeate.

Sample Index Neme of Color.
is2 Pl%~ 4L Sulphine X
163 P10~ 8L
164 PiR=- 3K - Cloudy Amber
165 Pl2= 31 Pyrite Y

& Colors prepared in Teble XXXVII.
All the colors were yellows with slight
variations from s Cream t0o & medium yellow,.



Color Chart 12,

Sample pH — , Neme of Color

162 8

Cloudy Amber

166 1l Pyrite Y




Table XL.

xtruz of Varistion of Hydrogen Ion Cenecentrstion _et
" Sodtus Dichromate Solutions with Sitrle
Acid snd Sedium Eydroxide, .
{Sodium dichromateo edded to csdmium azmu:)

Semple ngggso., w;mps Romarks
(velts)

166 > S = 3350 2.0 Soluble
167 2 ~+2860 248 .
168 3 =, 2685 2.9 L
169 4 «2353 3. Slight ppte
o B =2880 3.8 .
173 6 =4 2000 4.3 »
172 7 =4 2000 443 *
173 8 21900 45 ..
174 9 s 1750 4.7 ..
s 10 -, 1580 Sel ..
e 1 «12486 5.8 .

% The pH of the cadmium nitrete 4.0,

The precipitates from this series either
dissclved or were of such mn quantity that no
further work coculd be done on them,



Table XLI.

Effect of Veristion of Hydrogen lIon Concentration of
Cedmimm Nitrate Solutions with Nitrie
Acid and Sodium Hydroxide.
(Cedmium nitrete added to the sodimm diehromate; )

Semple  pH Final Remarics
Ca(No, )g EoMoF. pH
{volts)

177 1 = +5000 Soluble
178 2 5160 ’ 2.3 "
179 s 2900 2.8 .
180 4 «43000 8.6 .
11 5 ~e2860 “n- 2.8 .
188 6 -, 2836 2.9 "
183 4 2625 3.2 _ "
8¢ 8 ~1308 5.3 " Grenular ppt.
186 9 -+ 0875 6.2 "
86 10 =, 0680 6.5 »
187 1 o 0450 8.9 "

# The pH of the sodium dichromate 2.5.

This series of colors is very comparebls to
Tsble XXXVII, in the quantity of presipitate, the pH
st whieh precipitates formed snd the celor,



Tabls XLIL.
Compsrison of Pulp Colors Prepared from Cedsium Nitrate
' and Sodium Dichrometes
Semple Index Nsme of Color
184 PO = 1L
185 P9 = 1K
186 P9 = IK
187 P9 = 1K
# Pulp aei:;ﬁ prepared under conditions of
Teble XLI. |
All the colars wers the charscteristie
yellow of ¢sdmium ohromate, with He. 184 slightly
darker then others. .

Table XLIIX.
Comperison of Mass Tone of Colors Prepared from Cadmium
Nitrate and Sodium Dichromates

Ssmple Index .. Heme of Color
184 P9 - 1L
185 P9 ~ 1X
186 P9 - 1X

187 P9 ~1X |
# Colors prepered from Tsble XLI.
All the colors were yellows.



187

10

Color Chert 13.

Neme of Color




General Compsrison of Colors Prepaered

from Cadmium Nitrate.
. -"
It will be noticed thst only four solors in

each group were compsred, and that eash color was
forwed from a solution with s finsl pH greater than

" $.0. In Teble XL the slight precipitate wes not the

color of cedmium chromete until the final pH of the
solution was groeter than §,0. The precipitates that
formed in solutions of lower final pH values dissolved
when washed, and a very l_ma:u qusntity of presipitate
formed in the solutions of pH wvelue of 8.0 or grester.
The quantity of preeipitate in this group did not
werrsnt further consideration,

The pulp eolors and the mass tones were
almost identicel in esch csse. They were sll yellows
varying only slightly either tc a cresm or & medium

v”ll“t






Me- . sic Chromate.

R |
Normal mercuric chromete was prepsered by

A. Geuther (20) end A. Je Cox (21) by boiling equi~
molar parts of ¢hromic oxide and yellow mersurio
oxide with water. 'rha normal sslt hydroliszes in

60ld weter and 7HgO*8CrOy is formed. &m dioxy-
cshromete hes been prepared by severasl experimenters,
in 8s many prosesses. its formula is 2HgO.HgCrog¢ or
‘3HgO+CrOg. Many other bsslc slats have been prepered,
and meny complex salts form with mercury and ohromiume
The basic s2lts have been , sccoxding to F. Rose (19),
M as pigments, under the .em names of purple
red or chrome red. F. Fichter (22) snd G. Ossterheld
(22 ) eleim the eoclor of the precipitate depends upon
the tempersture, & yellow eor golden brown precipitate
results from a ¢old sclution with an execess of chro~
mate, while s darker precipitates results from a hot
‘solution. Bssic mersuric chromste (HggCry0,4) To~
sults from hydrolysis of mereuric chromste in eold
solutions. A brick red mercuric chromste (Hg,Crg0,)
formed slowly in cold but rapidly in hot solutions
when an excess of mercuric nitrate was present.



Teble XLIV,

Effect of Varistion of Hydrogen Ion Concentration of
Sodium Dichromate Solutions with Eitrié
Acid and Sodium Hydroxide.
(Sodium dichromate sdded to Mercuric nitrates)

Beample PE Exocenss Remarks
NagCrgOy
188 ) X Dishromate 8light ppte.
ise £ bt Heevy ppt,
190 3 " »
191 4 " .
192 5 - »
193 6 . "
194 4 " .
195 8 = »
196 9 » o
197 10 d "
198 11 * , .

# It was found msible to obtain the pH
of mercuric nitrate solutions with the guinhydrone
slectrode, so the pH of the sodium dichromate was
variesd and adéod. to the mercuris nitrate solution,
which was a&s nesr neutrsl as could be obtasined withe
out hydrolxsis,



Pable XI¥.

Comparison of Pulp Colors Frepared rram Ilmm; Hitrate
and Sodium Dichrmu.

Motcelﬂ*;

Redfeathsr, Buddha
Brasil R

Tomato R, Khive
Brexil R

w&x R

Bitter Sweoct
Bitter Sweet
Bitter Sweet

# Pulp colors prepared under conditions of

Ssmpls Index
189 P4 =11L
180 P4 «212K
i9l P3 »131
192 P4 =~12K
193 P4 «12K
104 P3 ~12R
195 P ~123
196 PS =227
187 P3 =127
198  P3 ~18K

Teble XLIV.

. The colors of this series varied from &
desop red to s deep reddish orsnge, with no offshedes.
¥o. 191 (pH 4) was slightly lighter showing & rede-
dish orenge comparsble to Nos, 195 = 198 (pH 8 ~ 11).
There was the yenwhh brown precipitate on top or
the settled solor similer to thst alresdy mentioned,



Table XIVIX,

Comparison of Mess Tones of Colors Prepsared from Mereuric
Nitrate snd Sodium Dichromste.

Sample Index Heams of Color.

-188 P6 ~12¥

189 P4 =121 Easturtium
180 PG =12K Xobe

101 P4 =121 Basturtium
192  P6 =121 Indien Red ¥
193 P4 =127 Toten

194 P3 -12E  Burnt Orenge
198 P3 ~12E Burnt Orange
196 PS -127 Nonterey
197 P4 =121 Buscsneer
198 P4 =121 Bucssneer

’l Colors prepared under oconditions of
Table XLIV.
| The “1‘1“ of colors veried from a brown
to‘s red orange. KNo. 188 was brewn, Nos. 189 = 191
ware s mediwum orsnge, Nos,. 192 ~ 193 were M browns,
Nos. 194 ~ 195 were s good orange, and Nos, 196 - 198

wore & red brown.
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Ssmple

193

193

196

196

~ Coler Chert 3«

S

Bame of Celor

nattmﬁm
Eabe
Hasturtium
Indian Red
Totem

Burnt Orange
Burnt Omage}

Monterey

Busosaneer




Effeet of Variation of Hydrogen Isn Congentration of
" mereurlc Nitrate Solutions with Nitrie
A01d end Sodium Hydroxide.
{Merocurie litnn. sdded to sodium mnmhu.)

semple I Exsese Remaris
199 1 Seluble
200 2 C
g01 3 .
202 4 .
203 5 Dichremste Heavy ppt.
204 6 . .
m 4 -
206 B . .
m 9 " »
208 10 . -.
200 11 " . .

smpnarmhrcuﬂcnimucmam
be determined with the giumhydrone electrode, sc the
soiution was msde &8 neer neutrsl es oould be obtained
without hydrolysis. |

The final E.M.F, was conémt at =,6490
millivelts.



sable XIVIIZ.

Comparison of Pulp Colors Prepared from lMerouric Nitrate
end Sodium Dichrometes

Sample Index : Eame of Color
208 P2 ~12E Midnight Sum
206 ° P2 ~129 Nanderin R
2056 P2 -120 Orange Vermillon
208 P2 ~120 Orenge Vermilldn
207 P2 ~]13G Orange Vermilion
208 P2 =126 Orenge Vermillon
209 e =120 Orenge Vermillon

# Pulp colors prepared under conditions
of Tsble XIVIXI.

T™he series varies little with no affshedes.
Nos, 2056 = 209 were the seme, whils the others were
only & slight shede lighter orange. All the ¢olors
wore l good orange.



Table XLIX.

cmuamammucemwmnmm;

-
Nitrate and Sodium Dishromate.

Sample Index . Ksme of Colodre

‘203 . P3 -12D Tile R, Cherokee

204 P3 ~12C

205 PS =121 Temeto R, Khive

206 P3 ~13H

207  P3 ~12K

208 PS «12H

209 P3 ~12H

# Colors prepered under conditions of

Teble XIVII.

This series varied little all being erango.

nu,m-ﬂm'cmgnght shade of orsnge, No. 204
2 more reddish orengs, and the others (Nos. 2306 = 208)

were typicel orengeSs



Semple

203

204

2056

2086

pH

10

11

Color Chart 15,

BEame of Color

Tile R
Charokes

Tomato R
Khiva
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Genersl Comperison of Colors Prepared
from Nercuric Nitrate,

8ince it was found to be impossible to
obtain the pH of mereury ion solutions with the Quine
hydrone electrode, the final E.M.F. of the solutions
wers undoubtedly not true pH veluss, The guantity
of pmipitaté in ssch soriea was slmost the same,
The pulp solors of the precipltetes from ths two
groups of colors were wery different, having eonly
8 alight ressmblence in all being scme shade of red
or orange. | ,
The mass tones of the two series of colors
wers very different. The first group of ecolors was
very verisble. {from & brovn to & red), ih;le the
second group was very constent. No colors were tbe

same in the two series,



ALUMINUM CHROMATE

-



Aluminum Chromate.

~ According to Nellor (23) no satisfectory
evidence has been obtained that wluminum shromate
exists as & normal selt, but all evidence proves
several besic scits have been identified. Some
experimenters c¢lein sluminum dioxychromate, AlgOgs
Cr O, enlig0, is formed whem & sclutiom of potassium
alw end potsssium chromate were mixed, Others
¢lain it 1s impossibls to odtain such & presipitate
from these solutions. MN. Grlger (24) obtained e
yollow precipitate from aluminum chloride snd potas=-
sium chromete, When the ratio of sluminum shloride
snd potassium chromate was one mole to three moles
the presipitation wes gomplete. S.H.C.Briggs (85)
obtained, by experiments similar to those slready
discusscd, a2 lemon yellow, insoluble product which

corresponded to aluminum oxydishromate, aAlaostﬂcwf

61!80;
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Table L.

Effect of Veriation of Hydrogen Iem Comeentratiom of
Aluminum Nitrate Solutions with !;tﬂ.e
Acid and Sodium Hydroxide.

-
{Sodium dichromate added to sluminmum nitrets)

Semple pH Pinel Remarks
© Al(NOg)y  EJLP, P
{volta) |
210 1  goluble
211 8 .
g1z 3 | . ‘
215 4 ~e3485 1,8  Slight ppt.
214 s -, 2860 S«b Hosvy ppt.
215 6 ©1530 5.1 .
216 v «s1350 5.4 .
217 8 «.1106 5.8 .
218 9 «s0900 6.2 .
219 10 »,0510 6.8 .
220 11 $.0530 8.6 .

# The pH of the sodium dichromate 2.5

At pH of 4 (Ne. 213) A1(OH), was presipitated,
and st pH of 11 {Neo. 220) sodium sluminate was formed,
All the chromste c¢olor was washed frcm the proeipitate
lesving only saluminum hydroxide,



TITANIUM CHROMATE



Titanium Chxronmate.,

‘ X. Blondel (26) found that a concentrated
squous solution of chromic acid dissclved ﬁmu
ecid in smounts depending on the c’wtntion and
temperature of the solution snd the previcus history
of the titanic scid. He obtained seversl besis salts
of titanium chromste from the sbove solutions. Some
of the salts hs prepered are listsd delow, Titanimm
tetroxychromate tsnagamws.x,o). szm trioxy=
ehromste {Ti0,(T10 }cro“lsngo }J» Titsnium mtmchrm—
 ste (BT10g(T10)Cr0,+3Ha0)s These compounds have mot
yot vbaen verified.

In this investigstion titanium triehloride
and sodium dichromate was used. It was found lmpos~
sible to obtain the pH of the titanium solutions with
the quinhydrone eledtrode so ssmples were tried from
scid snd basic solutions to determine what effect
such hydrogen ion coneentrations would heve on the
solutions when mixed.

From the scid solutions no precipitate
formed, but from the besic solutions whers & heavy
preeipitate of the basic titanium salt had mqtomd
s greenish gray precipitate formed which when thor-
oughly washed left only the basig titanfium salt,
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STANNQUS CHROMATE
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Stannous Chromate, _ -

Je Jo Berselius (£0) found thaet when am
emxsmmmmua»mmerw
sium chromate, and the liguid agiteted, yonw, curdy
£1locks of stannous chromate are mntpitwui. He
alse obsereed that if to s solution of ttanm ehlor-
ide a dilute sclution of potassium chromats 1is added
in smell portiona at & time, with constant agitation,
a greenish vpru:l.pltata of shromje stannete is formed.
If the solution of the tim sslt contains free acid,
no precipitste is formed and the ac;ut!.on is green,

In this investigetion ’utamem shloride
~ was used, It was found to be impossible to obtsin
the pH of atannous chloride solutions with the guine
“hydrone elestrode, Semples were tried with an scid
solution of stannous chloridse vhicﬁ ceontaned neo
hydrolised salt. In each ¢eese the solution wham
diehromste was added formed no precipitate. When
more basic solutions were used the basic salt was
formed, snd s colored precipitate was obtained, which
however lost all 4its color when thoroughly weshed,
and the white hydrolised stsmnous presipitate remained.

110
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Q‘,.

the more acld solutions the solutions turned greea,

When the sodium dlchromate was sdded to

showing the formstiom of chromiws stannate. When
the lclutzon contained only & small mt of prov»
cipitated stannous sslt before atrﬁdns the pﬁm
solution formed, but where large smounts of the
precipitate was present no green formed. All the
solutions showing the green chromium stannats fore
mation were very acid to litmus.



ARSENTC CHROMATE



m:nxa cm-miu,

A review of the litersature revealed no

informstion on the Gompounds of srsenie snd shromiwm,

either as shromates or chromites,

Tsbls LY.
Effest of Veristion of Hydrogen Iom Consemtration of
Arsenic Oxide Solutioms with Hydrochloris
Aoid snd Sodium Hydroxide.
(Sodiwm dichromate™ sdded to sreenic axide.)

Ssmple pH Pinsl) Remariks
2% geitay ™

221 b | Seluble
- .
223 3 .
224 4 * |
2285 b -, 0835 6e3 granular ppt.
226 ] =, 0580 847 .
227 7 =, 0400 7.0 - .
238 8 -4 0200 7.3 "
2290 10 «e 0000 7.6 .

# The pH of the sodium dlchromste 2.6,
On mixing the solutions no noticesble
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resstion took plsce but upon ngzutim for approx- |

imately two or thres minutes a greonish presipitate

formed. It required a large smount of sodiwm hydrox-

1de to obtain the pH values from whioh the prscipitate
formed.

Table LII.

Comperison of Pulp Colors Prepared from Asenis Oxide
L )
and Sodium Dishromate.:d

Sample Index Nems of Color

225 PRl TE
226 PRl= 7E
227 PRl~ 7R
228 P21~ 7D
229 PIB~ 7C

# Pulp colors prepared under conditions
of Tebles LI.

All the colors were preoticelly the seme
shade of green. HNo, £25 was more floceulent than
t!m,othou snd had seversl shades of color hetero~
geneously mixed in it. The higher the pE the more
homogeneous the coler..
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Tables LIXI.

cupaﬁsm of Mass Tone of Colors Prepared Lrom Arseniec
Oxide snd Sodiwm Dichromates

Sampls. Index Bame of Coler
228 P31=108 Merine Green =
226  P31-11E |
287 P31~)2E
228 P31~11C
229 P31=12C

# Colors prepared under sonditions of
Table LI. |

This group of colors were all prasstiocally
the ssme, Nos, 226 « 288 were medium greens while
Hos, 225 eand 229 were slightly darker.
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Color Chart 16.

pH . : Name of Color

Merine Green

226

227

228
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Lnilmay Chromate.

. No evidence has been produced to show

that sntimony forms & normmel chromate. B8.H.C.Briggs
{25) $n experiments similar to those in which he
formed many normel chromstes produced, by varying

the smounts of resetants, two different compounds

of definite composition. Ons wes santimony oxychromite
(25bg0g+Crp0y )y #nd the other antimony tetroxydbise
chromate (m«acro,). The former wes & brown powder
insoluble in alkeli-lye, weter, aclids and squs regis.
The latter was orange-yellow, inscluble in water, and
slowly soluble in nitric scid, The recotants used
wore antimony oxide, ohromic oxide, &nd water, The
'htur two reactents were varied in the experiments.

_ In this investigetion entimony trichloride
solutione ware used. Severel semples at different

'pH values were struck with sodium dlchromats solution.
In esch Gase any precipitete thet formed weshed eom-
pletaly fres of shromats after one or two washings.
No further study was mede of this group.



BISMUTH CUROMATE



Bismuth Chromate.

. §
Normal) bissuth ohromsts has not yet been

prepared but severel complex snd besie salts heve

besn, liost of these basie and cmmroalto wore
prepered from hot eonsentrated solutions of bismuth
nitrato snd potassium chromste or dishromate, Je '

Ihwe (30) #upared s substsnce, probably bismuthyl
parsdichromate, by mzns s solution of bismuth
niﬁau, contalining as little free nitric s6id as pos~
sible, into an mcn‘ of s acolution of potassium
shromate, The product m & lemon yellow, mioro-
miuilxm powder, vhiog tow t' reod basie selt

when boiled with sods~lye. M. K. P. Mair (31) (
obtained bismuthyl chromste ((B10)gCr0,), & red

powder, from & mixture of aolutlfms of biswuth nitrate »
end potassium chromste or dichromste end s few drops

of nitrie seid, when the solutions were bolled for
‘seversl hours. J. Liwe {30) obtained bismuth hydroxy-
chromete from nesrly neutrel solutions of the nitrate
and an excess of ﬁusaim dichromate by boiling the

solutions for some time,



Table LIV.

Effest of Variation of Hydrogen Ion Comcentration of
Bissuth Trinitrete Soiutions with Hitrie
Aeid snd Sodium Hydroxide.
(Sodium dichromate” sdded to blsmuth trinitrete)

Sample B’ﬁ% )s x.l.rfm“ o Romeriks
{volts)
£30 1 Saluble
231 2 ~.d710 Flossulent ppt.
232 3 - 4595 : .
233 L =, 3900 1.1 .
234 5 =, 3550 1.7 Granulsr ppt.
858 [} 43400 1.9 .
86 7 =9 1000 6.0 : "
237 8 o 2400 3.6 .
238 9 -, 2000 4.2 »
288 10 ~e 2150 4.0 .
240 11 =, 20R0 48 .

& The pH of the sodium dichromate 8.5

At pH of 8 and 5 the color was soliuble
wtil nearly all the dichromste solution had been
added to the bismuth solution. Below the pH of 5
- the solution wes t‘m' of preoipitate of bismmuth hydrox-
4de which formed at thst pH,.



Tabls LV,

Comparison of Pulp Colors Prepared from Bismuth Eitrste
and Sodium mmuf

Ssmple
231
838
233
234
£36
236
257
838
239
240

Teble LIV.

Index
P9 = BL
P9 = 6L
P10=- SL
P1lO0= 41
P10- 4L
Pl3= 7L
P10= E6J
P10~ 5J
P10~ 53
P10~ BJ

Neme of Color

Primerlin Y, Golden Rod
Light Chrome Y P
Light Chrome Y 7
Tenssl, Deep Stone
Corn
Corn
Comn

 Corn

# Colors prepared under conditions of

This group of colors varied from & light
orsnge to & yellow at No., £33, then to a alightly
dsriker yollow at No. 235, Nos, 238 « 240 el] hed
sbout the sams color with & definite metallic luster,



Table LVI.

Compariscn of Mass Tone of Colors Puparod from Bismmth
Bitrete and Sodium D!.chrmta: |

Sample

231

235
236
237

Table LIV.

or & oroésm,

Index

Plé~ 9L
P15~11L
P16=12L
P10~ 4J
Pl2= 7L
Pll= 2J
Pll= §J
Pll= 4J
Pll= 4J
P12« 4L

Name of Color

Buffslo

Pertridge, Raw Uzber
Primrose ¥, Snapdragm
Burnished Gold
Pinapple

Buatteroup

Musterd

Mustard

Sulphine Y

# Colors prepared under conditions of

This group of colors was very varisble.
¥os. 231 = 233 were browns, No., 834 wes & modium yollow
No. 2355 a tan, snd Nos, 236 « 240 were & light tan

The bresk wes st PH of 4 {No. 233) from

2 brown to s yellow,



Sdﬁplo

231

234

236

237

240

pd

10

Color Chart 17.

Name of Color.

Buffsle

Partridge
Raw Umber P

Primrose Y
Snapdragon
Burnished Gold
Pinapple

Buttercup

lasterd

Musterd

Sulphine Y




IRON CHROMATE



. . J»on Chromate.

It is scarsely to be expestsd that normsl |
ferrous shromste could be prepared in tqm&hﬁim
besesuse of the oxidizing power of the chromates and ‘
shromic escld., L.M.Vauquelin (3) obtained s yellow-
ishebrown precipitate from ferrous sulphate and potss-
siun chromate, which upon anslysis wes found to be &
basioc oenplu‘x ferrioc salt, Seversl qpe-ri.mnun
failed to obtein the normeal ferries cm;mh. Porryl
chromste ((Fe0).Cro, ) & brown precipitste is prepered
by the action of poteassium chromste on & solution of
a ferriec selt.

In this investigetion both thc ferrcus amd
the ferrie chloride solutions were used. As the
sodium hydroxide was sdded to the ferrous salt,
ferrous hydroxide was precipitated which soon chsnged
to the ferric¢ hydroxide, The precipitate that formed,
when the solutions of varying hydrogen ion soncentre=
tions woere struck with the dichromate sclution, hsd
the sharscteristic sppearsnoe snd coler of ferrie
hydroxide, 30 were not studied further,

When the pH of the ferric salt was veried
and the solution struck with dichromete solutiom, the



nélnum changed ;olor. varying es the pH value
inereased., When the solution wes basis encugh te
precipitate ferris hydroxide before striking, s
drown precipitate formed th:t wes s little derker
then those previously formed. Esch washing removed
sogme of the chromete trw the presipitste, umtil
anly the ferric hydroxids wes left,






Cobalt Chromate.

‘Potessium chrmﬁ with solutions of eobalt
salts givea reddishedrown presipitetes . whish are
probably s basic salt, Brig:s (18) obtained the
normel cobsltous chromete, greyisheblsgk or_ylﬁlnm
subatance, by s method similsr to those ho used for
the preparation of other chromates, by heating the
earbonate in ohromic acid at high temperatures in a
sesled tube. C, Freese (6) puaipitat‘ad the eobalt=
ous exyohromste from boiling solutions of potassium
chromste and a cobaltous sslt, JNore complex salts
of c#obalt end chromium have been prepsred than
possibly any other element end ehromium.



Teble INIIX,.

Effect of Varistion of Hydrogen Ion Comcentration of
Cobeltous Chleride Solutions with Sodivm
Hydroxide end Hydrochloric Acid.
(Sodium Dichromste’sdded to cobsltous shlorids.)

Ssmple  pH Finsl Remsris
CoClg E.M.Fe PR
(volts)
7> SR | Soluble
M2 8 "
245 3 .
244 4 "
245 5 "
M6 6 *
PR -
48 8 «0330 7.1 Hesvy ppt.
M0 9 ~.0190 7.3 "
260 10 o066 T *
251 © 1 -0106 7.5 %
LN

# the Ph of the sodium dichromate 2.5.
The precipitetes wore formed from the basie
salt which was either a light blue or simost a purple.



Teble LVIII.
_Cemparison of Pulp Colors Prepared tro- Cobaltous cum-za
and Sodium mchrmto.

Ssaple  Index Neme of Coler |
248 8 «10L  Jave, Nomsd Brown = v
849 P8 -llL  Leaf Nold, Westhered Osk
280 P8 ~-18L Kendalsy, Frisr
251 P8 ~1l1L  Leaf Mold, Weathered Oek™

# Colors pmpnmd under conditions of
Table LVIX.

All the c¢olors were s deeop brown, and all
precticclly the ssme, Nos, 348 - 249 were slightly
redder than others.

Table LIX,
Comparison of Moss 'fm of Colors Preynd from cmum
cm m Sodium maxmta,

“w

Semple  Index Neme of Color
246 , re—-1om ~ chosolate
240 P8 ~10H Chocolate
280 P8 ~10H  Chocolste
261 P8 ~10H Chocolate |

#Colors prepered under conditions of
Table LVII.

All the colors were identical, being a
sholelate browm.



Teble IX.
_ Bffect of Varistion of Hydrogen Ion Consentretion of
Sodium chln'omh Solutions with Sodfum
Hydroxide end Hydrochlorie Acid.
{Sodium dlchromate sdded to cobaltous chlm-ﬂ.:)

Ssmple  pE Pinal Remaris
Baglro0, g;gg’s - pH -

2 1 i Soluble
853 2 .
254 3 .
266 4 "
256 85 .
o857 8 L
g8 7 | .
250 ® =:0700 6.5 Heavy ppt.
260 9 =«0625 6.8 ..
g6l 30 ~e0760 6.4 - "
262 11 ~.0810 6.3 ..

# The pH of the cobeltous shloride 6.5.
This group very similar to those in Table



Teble IXI.
Comperison of Pulp Colers Prepared from Cobsltous chloride
end Sodium Dichromstes

Semple  Index - Neme of Coler,
269 P7 =128 Cocos, Turtle
260  P7 =12E Cocos, Turtle
261  P7 -13H Mohswk, Mecea
262 P7 -12H Nobswk, Meccs

& Colors prepsred under conditions of
Teble IX.
All colors were & moedium brown.

Teble IXIX, ,
Comperison of Mass Tone of Colors Prepared from Cobsltous
?
Chleride and Sodium Dichromate.

Ssmple  Index Neme of Colow.
259 PO «12L liandalay, Frisr
860 P8 ~12L Nendelsy, Priar
261 P8 =12L Mandelsy, Frier
262 P8 ~12L Mendaley, Friar

#Colors prepsred under conditions of
Table LX.

&1l colors were s medlium brown.



Color Chart 18.

 Semple pH J Nemo of Color

M9 9 Chosolete
| Chosolate

251 11 Chosolate

Color Chert 19.

260 9

261 10

262 11




)

BICKEL CHROMATE
ARSI SRR

2
*



.&’

Nickel Chromate.

’

~ Briggs (18) obteined the momal ohromste by
methods similar to those alrendy discussed in the
preparation of other chrometes. He said thet althe
nickel ohromete 1s insoluble inwater it will not pre-
oipitate from nickel selt solutions end 1t must there=
fore be polymerixed. The normsl nickel selt he pre~
pered wes & black orystslline mzanQe.' When nieckel
W@a wes dissolved in chromis aei;a & yellow sol-
ution wes formed, whish deposited nonedslequescent
red crystals. R. Tuppute (32) observed that if the
solution wes treeted with nickel sarbonate or sn
alkelislys, & reddisheyel:ow insoluble powder of
nickel cxychromate was deposited. M. Groger (33)
obteined & brown smorvhous precipitste from s mixe
ture of 3 normal sodium chromate end normel nicleel
chroma$e, which was probably 2 besic sodium nickel
ohromete. Ho obtsined s reddish b\rm precipitste
from similsr solutions of potassium chromete snd
nioksl chromeste, which becsme potassium niclesl chrom-
ats when allowed to sfand under its mother liquore



Ly

\ . m Rms )
Effect of Variation of Hydrogem Ion Concentryation of
T miokel Nitrafe Solutions with Nitrie

Ac1d and wm Hydroxide.
{3odium dichromate M to nickel azmu.)
Sample pi Final Remarks
e A v+ B
265 1 Soluble
264 B ., .
266 s b "
288 4 .
267 & .
268 8 "
20 T <2885 . 4.6 Slight ppt.
270 8 =040 6.9 Heavy ppt.
en 9 0106« 7ab .
278 10 ~e00B0 746 .
L, n ~20806 9.0 ..

& The pH of thosodium dichromste 2.5.
Jo nickel wes pmipxum at the pH vzlm
of 6 berox'_u striking, st pH valus of 7 & slight pre-
cipitate foraed, and sbove & pH of 7 s heavy precipe

jtete of nickel hydroxids was formed.



’

Table IX1IV. :
' Comperisecn of Pulp Colors Prepsred from Nickel Nitrate
and Sodiwm Mchr-nto:

Semple Index Nasme of Colexr-
270 P6 =128 Copper Br
871 PG =138 Copper Br
o972 PG =128 Copper Br
275 P7 -1SE Cosos, Turtle, Sarshs

# Pulp colors prepared under conditions of
Teble LXIIXI. .

All colors were & brown varying emly slightly
to a red brown st No. 275.

Table 1IXV,
Comparison of Mass Tone of Colors puplrud{l‘ﬂ Nickel
Nitrate snd Sodium Dichromete.

Semple  Index Neme of Color
270 P8 =10J Faloon, Muskrat
271 P8 =107 Felcon, Nuskrst
272 P8 =207 Pelcon, Nuskrat
273 P8 =10J Fslcon, Muskrat

¢ Colors prepered under conditions of
Table IXIII. |
All colors were identical being a derk

red dbrown.



Ssmple

270

271

272

273

10

11

Color Chart 20

Keme of Colowr

Falcon
Muskrat

Faloon
Huskrat

Feloon
Huskret

Peloon
Muskrat







Summery.

The precipitates prepared in this inves~
tigation were either yellows, reds or some scmbination
of thess except in the oase of arsenic, in which case
the presipitate was & green, The precipitates in
many cases did not form troé acid splutions and in
eases in which they d4id form the precipitate was
usually very definite in color, mdnrxumly
slightly. Precipitetes that formed from neutral or
besie solutions were variable in color and in some
cases wore entirsly different from that fermed in
" the seid solutions., It is believed that the variable
eolors are dus to variable basic chromates.

The method of striking had little or no
effest an the color in most cases, sincs most of the
groups of colors prepared by reverse methods of strik-
ing weare very cmbh, and in some CAses were
identicsal.

The effect of the varistion of the hyédrogen
-4on ummuom had & merked effeet in most cases,
and in sll cases slightly varying colors were produased.
The variation of the hydrogen ion ooncentration of the
metallie selt had a more marked effect on the color



thean the verietion of the pH of the sodium dishramate.
" The colors prepared from solutions that had the pH
of the sodium dishromste varied were more or less
constant in color with the incresse in the FH., The
presipitates formed from solutions that had the hydro-
gon ion eoncentration of the mqﬁllio ion selution
M«l were, in many osses, very different and in
some cases even the chearscter of the precipitate
changed as the pH values wasi incressed. The change
in the color at e particuler pH was not ss deﬁnita
#s that of leed chromats, investigated by Ernst (1)
and others, slthough meany of the groups had a definite
chenge at about the same pH velue as that of the lesd
chramate (pH of 8). This change was ususlly to a
darker coler. It wes noticed that for s perticular
matal, exespt thoss that formed completely inscluble
chromates, the precipitate fobmed in solutions heving
F rmi pH of spproxinate the asme, :;sardlua of the
i-m of striking, or the solution that hsd the
hydrogen ion coneentration varied,

~ No sttempt wes mede to dstermine the
eomposition of the precipitzted colors.

ia
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