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ISTRODUCTION

This report presents a desscription of the applisation of
the electron diffraction camera tSo pigment problems. The camera
itself 1s desoribed in Fart I, XN-46-76, which alao includes the pro=-
cedure for the preparatiocn of diffraction mounts and for the measure«
ment of the diffraction patterns. In the work presented here the
abtompt was mede to apply the diffraction technique to various types
of pigments, While this techniqus is particulerly sultable for
studying thin surface £ilms, 1ts utlility in the 1ldentifliocation of
the arystal strusture of pigments was also investigated, This appeared
dpalrable because some pigments have s particle size small encugh to
yield satisfactory patterns. Furthermore, in some cases the partiocle
size may be even Yoo small to yleld a useful x-rey diffrastion pattem
and yet may give an excellent electron diffraction pattern.

SUM AND CONCLUBIONS

1. Medlum (PbCroO4) and ‘.U.%ht yellows (FbCrO4 & Fb804)
yield satisfmstory elsctron diffrantion patterns, All patterns of
samples of these plgments are usunally identical and sgres sabtis-
factorily with the xwray diffraction pattern of monoclinia lead
shromate with respect to the values of the interplanar spacings.
However, significant differences In relative intensitlies between the
x~ray and electron diffraction patterns are observed., This can be
largely attributed to the effect of the orientation of the needle~
shaped particles in the electron diffreaction mount. If a more
aymmetrically shaped chrome yellow is8 used, a pattern 1s obtained
which shows tho same ring dlameters as the usual electron diffraction
vattern but considerably differont relative intenaities.

2. The slectron diffraction method 1s not sulitable for the
studg of the g%a?q composition of sush gystems as FbOpOg - Pb304 and
PoCrlyg = Pb3(POL)4. e patterns are often of poor quality and
like that of PblrUs are quite complicated, X~pay diffraction is a
much more satisfaectory msthod for this purpose.

3. Treatment of lead chromate with as little as 1% sodium
stearate gives rise to & new 30t of rings In thes diffraction pattemn
together with some feint rings from the FhCprO4 pattern. This means
that 1t is possibhle to detect and study mono-molecular layers of long
chain compounds on Fblrly and probably other pigments.

4. Electron diffrsotion does not afford positive evidence
for the eoating of PbCr0, with aluminum hydrate, probably because the
latter is amorphous and does not glve rise to distinctive rings in
the diffraction pattern.
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5. All iron bluss examined, including B«b7-D, B~68+D,
Be197-D and B-216+D, gave identical electron Aiffraction patterns,
gshowing that thoy have the same erystal strusture, DBecause of the
sxcellent guality of the iron blue pattern and the symmetry of the
iron blue structurs (face-centered cubic, length of cube 10+2
angstroms), it 13 used to determine the fnatrunental constant of the
diffraction camera. This constant permlits the easy conversion from
ring dlameters to intexrplanay spacings.

Attempta to detect the presence of edsorbed layeras of
stearate and Fixanol on iron blue have boen unsgucoessful, This 1s
probably due either to the original absence of such layers or their
ready removal in the coupse of preparing the diffraction mount.

6, Hleotron diffraction patterns of s:.8epics of barium
lithols end duols show at most same varlation of relative intensities
but a constancy of the ring diesmetera. This means that duolization
does not involve a orystal atructural change of this pigment.

7. A serlies of samples, prepared by diagotizing and coupling
Red 2B Acid (o~chlor-p~toluldine-m=sulfonic acid) with bets naphthol
and precipitating with strontium and calclium in vsrious ratios, showed
almost idemtiocal patterns. Substitution of one metal by the othey
appmntlg loaves the strusture urnchangesd., A typical pattern 1s shown
in Plg. 4D.

8. The study of coalesced phthalogyanines, including
BX=CR (T10g + CPC) did not lsad to any unequivocal results, Only
in the casé of phthalocyanine coalesoced with zino oxide did the
diré‘rmtion pattern Indlcate costing of the oxlide by the. colored pig~
ment.,

9. Samples of Lake Red 8 (p-toluldine-m-sulfonic acid - BON,
Ba, rosinated) made with use of either bicarbonate, soda ash or slkall
gave diffraction patterna which showed that the samples possessed
{dentiorl crystal structures. Pattern A of Fig. 5 is typilcal of these.

10. The electron diffpaction method often oan be used to
distinguish and identify structurally similar organic yellow pigments.
Identity of diffraction patterns does not, however, always msan identity
of composition as 1llustrated by the fact that dichlorbenszidine diazotized
and coupled to asetoscetanllide gives a compound with a patiern identical
tolgggga from the ccompound cbtained by coupling with acetoacet~meta=
Xy -

11, It is clear from the results of this study that in many
cases the elestron diffraction technique can yield information, otherwise
unavallable, which may be useful in the solution of apscific pigment
problems. i‘ho posalble utility of this technigue depends upon the
partioular problem under consideration and must be evaluated for each
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case, Because the eleoctron diffraction method is particulerly sulb-~

able for studying swrface films, 1t appears desirsable to continue the

:ﬁlemgm investigation of adgorbed layers on plgment varticles with
8 1o 3G ¢

_OF_EXPER DETA

Unless otherwise nobjed the diffraction patterns presented
here have bosn obtained using 40 kilewaolt electrona. The prints
exhibited in this report represent 8«fold magnifications of the
original patternas. The exposure time for each print has bveen varied
for the various groups of rings to make vislble all the rings whioh
ean be seen in the negative. Thus the actual relative intensities are
not falthfully reproduced in the prints,

As C X &

Heodium and light yellows belong to the monoolinic system and
are usually needleshaped. A typleal pattern for this group is given
in B of Pig. 1. This is the pattern of a light yellow (Y~-2034, lot 7648),
sn electyron miorograph of vhich is shown in Fig, 8, B, The uniquoness
of this pattern depends to a large extent on the shaps of the pigment.
particles, If snother pigment of ldenbtical oomposition but of different
shape 1s used, shown in Pig, 2, A, a pattern quite different in appear-
anco 18 obtained. This pattern i1s shown in Fig. 1, A and aotually
differs from B only in the relative intenalties of the rings, This
differonce arises {rom the fact that asymmetric particles assume &
rreferred orilentation when mounted for elaectron diffraction or electron
miorescopy. This is evident from Fig. 2, P whers practically all the
needles 1le in the plane of the paper. The orientation of orystals in
& 4iffraction mount can &lso be detected by changing the angle of
Ineldence between the elsctron beam and the film supporting the pigment
particles from 90° to another angle, e.g. 48%. This was done in the
cage of a pample of lead chromate and the pattern obtained is shown in
Plge 1, Co 1t is seen that instead of continuwous rings two or more
gcs appear, thus furnlishing unequivocal evidence of preferred orienta-

OMle

In Table I 1a given a comparison of the electron diffraction
data from the pattern of Plg. 8, A with x-ray diffraction data of monow
¢linic lead chromate, It is seen that there is satisfactory agreement
with respect to the values for the Iinterplanar spacings. However,
signlificant differences exist in the values of & relative intensitles.
To what extent this can be attributed to orientation effects is not
known. . T
An effort was made to determine 1f the eleoctron diffraction
technique could be used to atuéY the phase compasikion of the systems
PbCrO, =~ Pb30,; and PoCrO4 - Pb3 PO4)2, as well ss to observe any surface
effect in these mixtures., Pb3(P04)2 gives a fairly satisfactory pattern,
shown in Fig, 3,A but that of PbSO4 is quite poor. The pattern in
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Fig. 3, B 1s that of @ ssmple contalning 40% PbOrO, and & {rog)
m%;maipzksbsd. Is 111%‘?2&&“ the complicated $terns o t%&u B
from sush mixtures and indicates the exceasive difficulty in atbempiing
to meke quantitative eatimates of phase ¢ osition. For puwrposes of

comparison, & pattern of monosliais Pbcwgi .8 ghown in Pig. 3, Cs It
15 quite clear that this technique is unsuitable for studying the above
systems.

Ssmples of FbOp0, containing up o 18% aluminum hydrate
wore examined but unequivocal evidence for the presence of the h{drata
on the pigment surface could not be found, One réason for this i1z
probably that the hydvate is amorphous and consequently does not give
rise $o my distinotlive rings. With samplea of rbcvgg which had been
troated with slumimm hydrate and bolled, & alight bub dufinite change
in the vrelative intensities of the rings of the Fblr0, patbers was
chaserved., The preclse significance of this result has not been
aatablished,

o Btudies with stesrate~treated Fbﬁ»@g gave very amourmiug
results with respect to the study of organic surfade treatments. It
was found, for exsmple, that a asmple of Pblsds treated with as little
ap 1% of sodium stearats in the s}.ngg gave rige to a now sebt of
strong rings with the Pblrl; rings only faintly apperent. A pattern
of such a sample (989-36B) fs shown in Pig, 5, D and 1s $o be scmpered
with the pattern of wntreated PbOr0s Just ebove it. On the essumption
that the long stearate chain 1s oriented Zggpondioularl to the
crystal face and the spsoific surfece of the FbCr0y i1s 3 square meters
per gram, it can be caloulated that a monomolcculng layer of stearate
requires epproximately 1£ of sodium stesrate, It seems very likely
that such a monomolecsulsr 18{6&“ is responalble for the new rings snd
greatly redugea the diffraction by the FPbCrOge The use of 2,5% sodium
steoarate gives about the same pabtern, The data from such a pattemn
(283c) are-given in Taeble II which lists the ring diameters, corres«
ponding interplanar spacings s relative intensities and the identiffe
cation of the rings in terms of FbCrOy or stearate.

Hochanical mixtures of FbCrd, und sither sodium stearate or
lead stearate wers used as controls. f1th as muoh as 2-1/2% of
stearate the patterns of these vontrols were essentid ly equivalent
to that of Mblr0, with indloation of the strongest ring of the Fb
stearate pabttern. The pattern obtained from Fb stearate liself is
the gams as the set of new riﬁs aggeariz;g in stearats treated
PolrO4. The choloe of the medlium which the pample ls dispersed
18 very important with respect to the appearance of the stearate
rings In treated Fblr0y. Amyl acetate 1s satiasfactory in this res~.
pect bui when mixzsed with butyl or methyl alocohol the stearate rings
ar® hardly apparent, Ethyl acebate is also objeztionable on this
sscount as 1s also the presence of even a slight smount of nitro-~
calluloge in the dlaperdion.
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B. ZIron Blues

0f all the pigments studied, iron blues yield by far the
beat electron diffraction patterns. i‘hiﬂ i3 because of their small
particle slgze, making them transpsrent to slectrona, and their highly
symmetrical atrushure (face-centered cubis), A typioal iron blue
pattern is shown in Pig, 4, A and i3 glven by all iron blue pigments
examined, inelu B=57«D, B~86-D, B»197-D and B~216~D, 8ince the
lattice oconstant of iron bim 1z acourately known, 10.2 Angstroms,
this pattern can be used to obtain the callibration constant for the
apparatus, This constent ls used to comvert ring diameters inte
interplanar spacings. The data involved in the caleulation of this
constant are inoluded In Table III which lists 28 ring dlameters,
theliy relative intensitles and the corresponding wvalues of h, k, 1 and
the interplansy spacings. Satiafactory iron blue patterns can de
shtained .with 80 XV electrons.

Attempts wore made to detoct the presence of swiace soat~
ings on iron dlue samples ireated with sodium stearate or Fixanol,
Even when as much a3 30¥ of one of these agents was used no evidence
of an adsorbed organlc layer was cbserved, The slight additiom to
the patteyn was what might be oxpected from a mechanical mixture, It
is 8%1ll unknown whether these agents were not orlginally adsorbed by
the pigment or whether they were removed from the surface in the course
of the mounting procedure. In this connection it should be menticned
that ethyl acetate was used as the dispersion medium. In view of 4ba
bashavior with stearate treated Fblrlg it 1s not unlikely that this
solvent would remove an adgorved film of stearate or Fixanol,

Ce¢ The "Duol"” oot

The effect of rosin on a barium lithol (2-naphthylamine
sulfonic aclid - BN, Ba) was inveatigated by the electron diffraction
technique. Samples (1127-22 serdies) which contained wvarying amounts
of rosin up to 165 grams per molpof color (mol. wt, 515.4)y and sub~
Jooted to temperature treatments ranging from room temperature to
boiling for more than one hour,wore studlied, The only change obssrved
ocourred with a ssaple contaln 11 grama of rosin per mole of ocoloy
which had been boiled for 2 t0 4 minutes, The pattern of this aample
iz shown in Flg. 4, C and ia to be compared to B in Fig. 4. The latter
is the pattern obtained from lower temperature samples of the same rosin
content. Curiously enough, it is alasc the pattern found with all
semples with less than 1l grams of rosin as woll as more rosin,regard-
less of the heat treatment., Close examination reveals that patterns
B and C of Flg. 4 differ only in relative intensities. It geems unlikely,
therefore, that duolizatlion involves any orystal structural change of
t?o QO}.:;. It may be added that berium rosinate itaelf gives no diffrac~-
tion » B

De QOrgenio Yellows

The possibility of the identification of atructurally

similar organic pilgments was investigated by a study of she diffraction
patterns of a series of organie yellow toners. QGood examplea of such
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patterns are shown in Plg. &, B and C+ B 1s the pattern of a com~
stitive pigment (0f-4¢7838) and is identlcal with the pattern ob~-
gined from the product prepared by coupling dichlorbengldine with
asotoacet meta~xylidide, A very interesting series of patterns is
cbtained from the yellows prepared by soupl dichlorbenszidine with
scetoncatanilide, asetoascet-meta~xylidide, ascetoacet~BCHE~H0H40w
anilide mnd acetoscet~2,B8{0Hx0)a~anilide respectively. ttorns
of these substances ave shown in Fig, 6, A, B, C and D respectively,
The introduction of two methyl groups into scetoacetanilide appavently
leaves the erysbal structure uynaltered as a comparison of patterna
A end B indicates, However, if one methyl group and one methoxy group
ere intiroducsl e delinite change in strusture resulis, ss geen In
patbern C. The wse of two methoxy grows does not lesd to any Murther
glmmbim of girusture as Indicated by the ldenblty of patterns C and

' In the case of para-ghlop-oprtho-nltrowaniline coupled to
asetoacetanilide, ecetoacet~ortho~toluldide end sootoacet-meta~xyliidide
respectively, the crystal struoture is more semsitive to substitution
in tha sesond componant than it 1s in the case of the dichlorbennidine
series. This 18 clesr from the fact that ths pebtern of these three
products, ashown in Plg. 7, B, C and D, diffepr from one another, A
pattern of the stendard Hansa Yellow toner, YT-448~D (meta-nitro-pava-
toluidine - acetoscetanilide) is given in Pig. 7, A.
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TABLE Yo

Comparison of electron diffraction date (258B) and x-ray
diffraction data for monoclinic Fblrog4.

X~pay dats from Ind., & Fng. Chem.10,489{1938)

ELECTRON DIPFRACTION ~RAY
InterplLanar Interplanar

O
b4 ‘Ring dlem, spacing in Relative specing in Relatlive
%tagg: __!;_gg om, A intensity A intensity
1 °¢3§ 4096 0.80 409'? 0&35
2 1.082 4:.34 0.87 4,38 0446
B 1420 5469 020 378 0.11
4 1.38 S.208 0,70 S«28 1400
- 8 1.48 2,99 1.00 35.01 0,88
41 1.84 2,70 0.34 2«71 0.11
7 1,78 2.83 0.85 8,83 0.1
-8 1.91 2432 Q.87 B8 Oell
10 2.84 1497 0.45 1.97 0,40
11 240 l.84 0,48 \ 1.88 0,34
12 2477 1.60 Q.27 1.61 04086
13 2,87 1.54 0.2 1.54 0,08
14 3.02 1.48 O l.42 0,00
15 3,18 1.39 0.27 B -
16 3.29 1.34 0420 -
17 338 1:33 0480 - -
B 3+45 1,98 0.27 - -
12 S.81 l.82 Oéw - -
20 5.30 1016 0. 20 - -
21 3.95 1‘13 O&O - -
244 4.128 1.07 0,80 - -
23 4‘45 1 '00 0. 30 - -
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TABLE II.

Electron dlffrastion date from pattern of Pb(rQ
treated with 2-1/2% Na stearate(pattern no, 2230.)

Ring Ring diameter ﬁgﬁ:ﬁgéaﬁﬁv Relative ~
1 0,87 5.08 0.92 PoCrog
2 1,08 418 1,00 Stearate
3 1,20 3.60 0.70 Stearate
4 1.34 3430 0.22 FbCr0y
5 1,45 3.05 0.46 PbCr0g
8 1,77 2.50 0,37 Stearate
7 1.94 2488 _ 0.28 FoCr0y
8 2.02 2.19 0.28 S8tearate
2 2.14 2.08 0.16 Stearate
10 2.22 1499 0.16 FbCrOy
11 Re38 l.88 0u28 Stearate
| P04
12 2466 1,67 0.16 . FbOrog
13 2.74 1.614 0,18 PbCrog
14 2.83 1.563 0.16 PbCrog

13 3.08 1.435 0,18 l’bcr04
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TABLE 113,

Calculation of canversion oongstant from diffraction
pattern of iron blue (181C.)

.Kwﬁs%m‘ d= ap 40 = 10,84°
Yﬁ ﬁuﬁ ) Vhﬁ 2418
Inter~- Conver-
Thvatng sense 3
Rin Ring diam. Relative oin stan
Noo in 'em, D. intensity hk 1 hE«+1® YRETRUWD ibrfifca in omqa®
1 Q.78 0.2¢ 111 3 1,758 5.89 4440
2 0,886 0,80 800 4 2,000 8,09 438
3 1.22 1.00 2480 8 2,828 3460 4440
4 1.43 0.14 s11 11 3.317 3,08 4,40
8 1.80 0.80 asn 12 3,464 2,94 4.42
8 1.72 0.72 400 16 4,000 2.55 4,38
] 1,93 0.88 420 20 4,472 .28 440
8 2.12 0.19 422 24 4.899 2,08 d.41
9 2.48 0,72 440 a2 5.687 1.80 4,43
10 2,59 0,80 ggg 36 6,000 1,70 4.40
11 272 0,72 620 40 6.325 1.61 4,38
12 2,88 0.14 622 44 8,633 1.54 4444
13 3,01 0.19 444 48 8.988 1.47 4.42
14 S.12 0,72 640 B2 7.211 1.41 4440
15 S.88 0.80 642 56 7.483 1,38 4,42
18 B.57 0450 ggg 88 8,246 1.24 4,42
17 3,688 0,80 ggg 72 8.485 1.20 4.42
18 S.77 0.24 668 78 8,718 1,17 4.41
19 3,88 0,24 840 80 8,044 1l.14 442
20 4,08 0.40 664 88 9,381 1,09 4.42
21 4,32 0.24 1333 100 10,000 1. 4.48
22 4.41 0,40 13§§ 104 10,20 1,00 4.41
25 4,50 0.24 1ggg 108 10.59 0,982 4.42
24 4.87 0,40 13:3 116 10,77 0.948 4.42
28 4,78 0.24 1042 120 10,98 0.932 4,40
26 4,98 0.19 1044 132 11,49 0.887 4.42
a7 8407 0.32 1328 136 11.86 0.875 4444
o8 5.30 0.32 1220 148 12,17 0,838 4,44
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) A
altern Ho. 2583
Leht yellow
034~D(lot 7834)

B
Pattberm Ho, 258¢
light yellow
Y-2034~D(1lot 7645)

. e
‘Pattern Mo, 301C
(115¢~18Al)

FIG, 1L
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A,
Light yellow
Y2054 -D{Lot

1187 ~2~00
ze 28000 x

- B

light yellow

V-2034-D{lot
113720

rey, 25000 =

FIG. 2,
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B
Patbvorn iio. 20008
4C7 Fule0s + 004

bz {POg)e (969-46D)

G
Pattern No. 22283
PoCr0
(gssnégA)

Pattern Yo, 1°

7
olrls + 15 Wa Stearvate
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Fattern Io., 2034
ivdén blue
(cf «47828)

B
Potberu Ho. O
Ba lithol
{1127-224%)

-G
Patbtern ¥o, 304A
La lithol + 1. 1g
vosin/mole, boil
S to 4 mins.
(11e7-22B4)

D
Pabtern Mo, BQJA’ .
Red 20 - BOH, 122 Ca.
8% Sr
(1143~145%E)

FIC. 4

e x
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A
Fattern Ho. 231A
PMSA - BH,Ps
(1108~25E8)

¥

S 3

Wetbern No, &

crpmic yellow
(0f#-479355)

C
Pattern No. 2588
DGLB ~ Afdo-anisidide
(946-18L)

FIG. 5.

DUPO050150658




£
$

C
‘Pattern No.
DEIR -~ AA*BCHsm

(1095~31Cq )

Pattern Ho.
DCLE = pA-32,5(CHz0)g-A
(1025-31Dq )

£3rh

e S ]

248C

24£9A
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» . B
Patternn No, 2434
TCOHA - AAA

(1003-3843 )
i
: ¢
Pattern o, 243R
PCONA ~ AA~o-T
(1003n5851)
I
{
| ,

Pattern Wo. 2430

FCOKA - AA-m~X
(.'L@OE"Z’SSC«L)

FICa. 7
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