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Sample'Code 0.50% 1.00% Neat
Gently'Dried'(2'

grams) Prints'on'Mylar D10 D50 D95
1 PR179BEBControl PR179BEBCB0.5 PR179BEBCB1 PR179BEBCBN PR179BEBCBD PR179BEBC 29.6 101.0 196.0 1
2 PR179BEb PR179BEbB0.5 PR179BEbB1 PR179BEbBN PR179BEbBD PR179BEb 109.8 180.5 330.0 2
3 PB15:1BEBControl PB15:1BEBCB0.5 PB15:1BEBCB1 PB15:1BEBCBN PB15:1BEBCBD PB15:1BEBC 148.3 358.0 704.0 3
4 PB15:1BEb PB15:1BEbB0.5 PB15:1BEbB1 PB15:1BEbBN PB15:1BEbBD PB15:1BEb 139.4 271.8 623.0 4
5 PB15:3BPBControl PB15:3BPBCB0.5 PB15:3BPBCB1 PB15:3BPBCBN PB15:3BPBCBD PB15:3BPBC 150.3 245.6 389.0 5
6 PB15:3BRSb PB15:3BRSbB0.5 PB15:3BRSbB1 PB15:3BRSbBN PB15:3BRSbBD PB15:3BRSb 104.3 180.4 332.0 6
7 PB15:3BRSbBEb PB15:3BRSbBEbB0.5 PB15:3BRSbBEbB1 PB15:3BRSbBEbBN PB15:3BRSbBEbBD PB15:3BRSbBEb 98.7 160.8 283.7 7
8 PB15:3BM PB15:3BMB0.5 PB15:3BMB1 PB15:3BMBN PB15:3BMBD PB15:3BM 130.2 207.7 348.0 8
9 PY14BPBControl PY14BPBCB0.5 PY14BPBCB1 PY14BPBCBN PY14BPBCBD PY14BPBC 144.7 275.9 493.0 9
10 PY14B134%BPb PY14B134%BPbB0.5 PY14B134%BPbB1 PY14B134%BPbBN PY14B134%BPbBD PY14B134%BPb 102.4 166.3 308.0 10
11 PY14B124%BPb PY14B124%BPbB0.5 PY14B124%BPbB1 PY14B124%BPbBN PY14B124%BPbBD PY14B124%BPb 93.7 193.4 338.0 11
12 PY14B116%BPb PY14B116%BPbB0.5 PY14B116%BPbB1 PY14B116%BPbBN PY14B116%BPbBD PY14B116%BPb 129.3 214.8 393.0 12
13 PY14B110%BPb PY14B110%BPbB0.5 PY14B110%BPbB1 PY14B110%BPbBN PY14B110%BPbBD PY14B110%BPb 120.3 212.0 360.0 13
14 PY14BRSb PY14BRSbB0.5 PY14BRSbB1 PY14BRSbBN PY14BRSbBD PY14BRSb 109.4 200.2 375.0 14
15 PY14BRSbBEb PY14BRSbBEbB0.5 PY14BRSbBEbB1 PY14BRSbBEbBN PY14BRSbBEbBD PY14BRSbBEb 29.4 113.4 316.0 15
16 PYB14BM PYB14BMB0.5 PYB14BMB1 PYB14BMBN PYB14BMBD PYB14BM 116.9 198.3 430.0 16

%'Pigment MicroTrak'Particle'Size'(nm)

Samples	
  Run	
  at	
  APS	
  August	
  2014	
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Fit$Results$for$0.5%$Pigment$in$Aqueous$Surfactant$Solution

Sample'
Number Sample'Code Level

G,''''cm4
1 ± Rg,'Å ±

B,'''''''''''
cm41Å^P ± P ± z ± nBr ± dmin c df Cp dp,'nm PDI SGeo.

Sig,'
nm

Geo'
MR,'Å

Mn''
dia,'Å Comments/Assessment Level Sample'Code

Sample'
Number

1 PR1794E4Control 1 57 5 132 3 1.07E406 3.00E408 4.00 18.2 3.49 1.38 0.32 82.0 173 1 PR1794E4Control 1
2 1850 30 900 20 0.0020 0.0008 2.15 32.5 3 0 0 1.92 1.12 2.15 1.28 2

2 PR1794Eb 1 53 7 145 4 7.10E407 2.00E408 4.00 19.6 3.61 1.39 0.33 88.3 186 Induced'Branching'Compared'to' 1 PR1794Eb 2
2 4290 50 1030 11 0.0017 0.0007 2.20 80.9 12 10 1 1.31 1.68 2.20 1.37 Control 2

3 PB15:14E4Control 1 0.226 39.8 2.59E406 4.00 3.00 17.7 1.63 0.49 9.6 21.6 1 PB15:14E4Control 3
2 0.933 90 30 0.0318 1.00 4.1 0 0 0 1.00 1.00 1.00 1.78 Rod'like'Primary'Particles'Aspect'4 2
3 39600 800 2550 60 1.66E403 3.00E405 2.30 0.00 42400 857 0 0 2.30 1.00 2.30 1.35 3

4 PB15:14Eb 1 0.226 39.8 2.59E406 4.00 3.00 17.7 1.63 0.49 9.6 21.6 Branched'Aggregates'Compared'to' 1 PB15:14Eb 4
2 0.933 90 30 0.0318 1.00 4.1 0 1.00 1.00 1.00 1.78 Control 2
3 12300 300 1950 60 0.0013 0.0002 2.25 0.02 13200 322 4440 104 1.04 2.16 2.25 2.68 3

5 PB15:34P4Control 1 33 20 190 11 7.27E407 2.05E408 4.00 14.4 19.2 1.64 0.50 44.5 101 1 PB15:34P4Control 5
2 88 300 400 100 0.65 0.34 1.00 2.7 11 0 0 1.00 1.00 1.00 1.52 Rod'like'Primary'Particles'Aspect'3 2
3 14200 200 1600 100 0.015 0.02 1.98 0.20 161.4 552 50 156 1.08 1.83 1.98 2.22 Branched'Aggregates 3

6 PB15:34RSb 1 140 15 238 8 7.03E407 2.00E408 4.00 20.9 9.73 1.55 0.44 81.4 179 Not'Rod'Like 1 PB15:34RSb 6
2 3300 60 890 20 0.00144 0.0008 2.32 0.10 23.6 3 3.64 0.35 1.34 1.73 2.32 2.39 Unbranched 2

7 PB15:34RSb4Eb 1 130 10 230 7 7.61E407 2.00E408 4.00 20.2 9.81 1.55 0.44 78.5 173 Not'Rod'Like 1 PB15:34RSb4Eb 7
2 3180 80 990 30 0.000148 6.00E405 2.68 0.07 24.5 2 0.15 0.01 2.09 1.28 2.68 2.61 Unbranched 2

8 PB15:34M 1 54 7 187 6 8.54E407 2.80E408 4.00 15.5 11.9 1.58 0.45 56.8 126 Not'Rod'Like 1 PB15:34M 8
2 15500 400 1240 30 0.000385 6.00E405 2.66 0.03 287.0 45 64 9 1.17 2.28 2.66 4.14 Branched'Aggregates 2

9 PY144P4Control 1 80 20 260 20 2.37E407 1.00E408 4.00 24.1 8.2 1.52 0.42 97.7 213 Large'Branched'Aggregates 1 PY144P4Control 9
2 22400 200 1810 20 0.000235 4.00E405 2.60 0.03 280.0 73 62 14 1.17 2.23 2.60 3.04 Polydisperse 2

10 PY144134%4Pb 1 220 70 300 20 3.08E407 9.00E409 4.00 30.0 6.67 1.49 0.40 127.0 274 Smaller'Aggregates'with'weak 1 PY144134%4Pb 10
2 4900 300 1270 70 0.00207 0.002 2.18 0.13 22.3 8 2.44 0.64 1.42 1.54 2.18 1.86 Branching 2
3 8.62E410 7.00E412 4.00 Micron'Scale'Agglomerates 3

11 PY144124%4Pb 1 36 7 209 8 3.56E407 1.00E408 4.00 17.4 11.8 1.57 0.45 64.0 142 Linear'Aggregates'Low'Polydispersity 1 PY144124%4Pb 11
2 6300 100 1320 30 0.00205 0.0004 2.22 0.03 175.0 37 0 0 2.22 1.00 2.22 1.34 Simlar'Size'to'Control 2

12 PY144116%4Pb 1 22 7 180 13 3.15E407 2.00E408 4.00 16.0 9.92 1.55 0.44 61.9 136 Large'Highly'Branched'Aggs. 1 PY144116%4Pb 12
2 8500 100 1230 20 0.000178 3.39E405 2.67 0.03 386.4 127 149 47 1.05 2.54 2.67 3.86 High'polydispersity 2

13 PY144110%4Pb 1 27 8 190 10 3.00E407 2.00E408 4.00 17.1 9.41 1.54 0.43 67.1 147 Similar'to'Control'with'Smaller 1 PY144110%4Pb 13
2 5850 70 1060 10 0.000167 5.00E405 2.67 0.05 216.7 67 76 22 1.08 2.48 2.67 3.59 Primary'Particles 2

14 PY144RSb 1 9 140 10 4.36E407 3.00E408 4.00 11.7 11.2 1.57 0.45 43.6 96.4 Large'Aggregates'with'Few'Branches 1 PY144RSb 14
2 3080 80 970 30 0.000248 5.00E405 2.57 0.04 342.2 9 151 4 1.02 2.51 2.57 4.16 Small'Primaries 2

15 PY144RSb4Eb 1 17 3 145 6 6.11E407 4.00 12.8 9.67 1.54 0.44 49.7 109 Small'Aggregates'with'Branching 1 PY144RSb4Eb 15
2 530 80 800 100 0.00211 0.001 1.96 0.10 31.2 10 5 1.25 1.27 1.55 1.96 1.61 Small'Primaries 2
3 1.11E409 9.00E412 4.00 Micron'Scale'Agglomerates 3

16 PY4144M 1 9 5 150 10 3.48E407 3.00E408 4.00 12.3 11.4 1.57 0.45 45.9 101 Large'Aggregates'with'No'Branching 1 PY4144M 16
2 2410 80 870 30 0.000439 0.0001 2.45 0.06 267.8 158 0 0 2.45 1.00 2.45 1.34 Small'Primaries 2

Sample'Code Level
G,''''cm4
1 ± Rg,'Å ±

B,'''''''''''
cm41Å^P ± P ± z ± nBr ± dmin c df Cp dp,'nm PDI SGeo.

Sig,'
nm

Geo'
MR,'Å

Mn''
dia,'Å Comments/Assessment Level Sample'Code

Sample'
Number
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Summary	
  

1)  16x5	
  Samples	
  Run	
  
	
  80	
  Samples	
  (+	
  8	
  Dilu@ons)	
  

	
  
2)	
  0.05%	
  Samples	
  fit	
  and	
  tabulated	
  

	
  16	
  Samples	
  
	
  
3)	
  Generally	
  concentra@on	
  series	
  qualita@vely	
  follow	
  the	
  RPA	
  formula@on	
  

	
  In	
  some	
  cases	
  it	
  didn’t,	
  e.g.	
  PB15:1	
  
	
  
4)	
  Generally	
  1µm	
  Films	
  on	
  Mylar	
  showed	
  	
  enhanced	
  aggrega@on	
  

	
  In	
  some	
  cases	
  they	
  didn’t,	
  specifically	
  the	
  PY14	
  samples	
  except	
  Py14	
  RSb	
  
	
  
5)	
  More	
  analysis	
  is	
  needed	
  but	
  this	
  will	
  take	
  several	
  weeks	
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z  Primary  Particles,  Dimension  df  ,  
Size  dp	


Minimum  path  p  :  dimension  dmin	


Primary  Particle  Size,  dp	


Connective  path  s  :  dimension  c	


z ~ pc ~ sdmin

d f = cdmin

Beaucage,  G.,  Determination  of  branch  fraction  and  minimum  dimension  of  mass-­‐‑fractal  aggregates.  
Physical  Review  E  2004,  70  (3).	
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Beaucage,  G.,  
Determination  of  branch  
fraction  and  minimum  
dimension  of  mass-­‐‑
fractal  aggregates.  
Physical  Review  E  2004,  
70  (3).	
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Figure 3.  SANS data from Dreiss from branched worm-like micelles (WLMs).  Data is 
fit to the unified function and analyzed using the scaling-model.  G is I(0), B the power-
law prefactor, fBr is the mole fraction branches in the structure, nBr is the number of 
branches per chain, zBr the average branch length.  Other parameters are described in the 
text.  The data shows that the WLMs display persistence and self-avoiding walk scaling 
(dmin ~ 1.67).  The analysis indicates that 3 of 4 WLM chains are branched, the chains are 
composed of 180 Kuhn units on average with an average branch length of 128 Kuhn 
units.  The average short circuit path through these structures is 87 Kuhn units.  The 
Kuhn length is about 30 nm.  The diameter of the micelle is about 8.3 nm.  The contour 
length of the micelle is about 0.9 µm.   
!

lp	
  =	
  √3Rg,2	
  =	
  14.9	
  nm	
  
R	
  =	
  4	
  Rg,1/√3	
  =	
  8.3	
  nm	
  
φBr	
  =	
  0.52	
  
nBr	
  =	
  0.7	
  
zBr	
  =	
  22	
  
z	
  =	
  180	
  
L	
  =	
  0.9	
  µm	
  

Literature	
  Data,	
  Dreiss	
  (2007)	
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  Agashe	
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Summary:	
  
	
  	
  
-­‐Yellow-­‐14	
  pigment	
  par@cles	
  form	
  aggregated	
  structures	
  on	
  the	
  nanoscale	
  that	
  can	
  
influence	
  their	
  op@cal	
  performance.	
  	
  From	
  past	
  studies	
  found	
  large,	
  dense	
  aggregates	
  (df	
  ~	
  
2.7,	
  and	
  z	
  ~	
  300)	
  are	
  observed	
  in	
  polypropylene	
  dispersions.	
  	
  	
  
	
  
-­‐In	
  this	
  study	
  smaller	
  aggregates	
  are	
  observed	
  in	
  surfactant	
  stabilized	
  aqueous	
  dispersions	
  
of	
  pigment	
  with	
  about	
  16	
  primary	
  par@cles	
  and	
  a	
  low	
  density	
  with	
  a	
  fractal	
  dimension	
  of	
  
1.34	
  and	
  about	
  three	
  branches	
  per	
  aggregate.	
  	
  	
  
	
  
-­‐The	
  MTB	
  milled	
  sample	
  has	
  primary	
  par@cles	
  of	
  36.6	
  nm	
  Sauter	
  mean	
  diameter.	
  	
  In	
  the	
  
previous	
  study	
  the	
  5%	
  PY14	
  in	
  polypropylene	
  sample	
  had	
  primary	
  par@cles	
  of	
  about	
  80	
  nm	
  
diameter.	
  	
  	
  
	
  
-­‐The	
  primary	
  par@cle	
  size	
  was	
  60	
  nm	
  for	
  Microtron	
  milling	
  and	
  62	
  nm	
  for	
  Silverson	
  milling.	
  	
  
The	
  degree	
  of	
  aggrega@on	
  dropped	
  to	
  about	
  4	
  for	
  the	
  milled	
  samples.	
  	
  The	
  polydispersity	
  of	
  
aggregates	
  and	
  primary	
  par@cles	
  was	
  about	
  the	
  same	
  for	
  all	
  of	
  the	
  aqueous	
  dispersion	
  
samples.	
  	
  	
  
	
  
-­‐The	
  RPA	
  equa@on	
  could	
  describe	
  scahering	
  from	
  higher	
  concentra@on	
  aqueous	
  
suspensions	
  with	
  some	
  varia@on	
  in	
  the	
  enthalpic	
  interac@on	
  term,	
  χ,	
  and	
  the	
  volume	
  ra@o	
  
in	
  Table	
  1.	
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Summary:	
  
	
  
-­‐Light	
  scahering	
  from	
  the	
  highest	
  concentra@on	
  29%	
  samples	
  displayed	
  mul@ple	
  scahering	
  
and/or	
  screening	
  effects	
  that	
  were	
  not	
  seen	
  for	
  x-­‐ray	
  scahering.	
  	
  This	
  may	
  be	
  related	
  to	
  the	
  
higher	
  angles	
  used	
  in	
  light	
  scahering	
  or	
  to	
  differences	
  in	
  contrast	
  between	
  x-­‐rays	
  and	
  light.	
  	
  
The	
  one	
  percent	
  dispersions	
  didn't	
  match	
  well	
  the	
  light	
  scahering	
  data	
  in	
  the	
  overlapping	
  
region.	
  
	
  
-­‐LS	
  for	
  the	
  five	
  percent	
  dispersions	
  seemed	
  to	
  agree	
  with	
  USAXS	
  data.	
  	
  All	
  three	
  of	
  the	
  one	
  
percent	
  samples	
  displayed	
  highly	
  polydisperse	
  domains	
  or	
  clusters	
  larger	
  than	
  50	
  μm	
  in	
  
light	
  scahering.	
  	
  The	
  five	
  percent	
  samples	
  displayed	
  mass	
  fractal	
  scahering	
  with	
  mass	
  
fractal	
  dimensions	
  of	
  1.7	
  and	
  2.0	
  for	
  the	
  Microtron	
  sample.	
  	
  The	
  Microtron	
  sample	
  also	
  
displayed	
  12.5	
  μm	
  clusters	
  while	
  the	
  other	
  two	
  samples	
  displayed	
  fractal	
  clusters	
  larger	
  
than	
  50	
  μm.	
  	
  
	
  	
  
-­‐Dis@nc@ons	
  can	
  be	
  made	
  between	
  the	
  Silverson	
  and	
  Microtron	
  milled	
  samples	
  from	
  the	
  
five	
  percent	
  light	
  scahering	
  data	
  and	
  from	
  the	
  one	
  percent	
  USAXS	
  data.	
  	
  On	
  the	
  nanoscale,	
  
the	
  pigment	
  makes	
  smaller	
  primary	
  par@cles	
  with	
  a	
  lower	
  degree	
  of	
  aggrega@on	
  for	
  the	
  
Microtron	
  samples.	
  The	
  Silverson	
  aggregates	
  are	
  probably	
  branched	
  to	
  some	
  extent	
  though	
  
this	
  couldn’t	
  be	
  quan@fied	
  from	
  the	
  USAXS	
  data.	
  	
  In	
  light	
  scahering,	
  the	
  Microtron	
  sample	
  
has	
  much	
  smaller	
  clusters	
  of	
  fractal	
  aggregates	
  with	
  a	
  higher	
  density	
  and	
  mass	
  fractal	
  
dimension	
  for	
  the	
  five	
  percent	
  aqueous	
  dispersion.	
  	
  This	
  is	
  consistent	
  with	
  the	
  op@cal	
  
micrographs	
  shown	
  in	
  Figure	
  11.	
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