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Actual by Predicted Plot
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4 after 5h (area%) Predicted
P=0.0003 RSq=1.00 RMSE=0.0203

FIG.5A
Summary of Fit
RSquare 0.9965
RSquare Ad) 0.985126
Root Mean Square Error 0.020258
Mean of Response 0.225167
Observations (or Sum Wgts) 18
FIG.5B
Anblysis of Variance
Sum of
Source  DF Squares Mean Square F Ratio
Model 13 0.46741489 0.035955 87.6090
Error 4 0.00164161 0.00410 Prob>F
C. Total 17 0.46905630 0.0003*

FIG.5C



ip-temp
Rectangle

ip-temp
Rectangle

ip-temp
Rectangle


6/14

Parameter Estimates

X

Term Estimate Std Error t Ratio  Prob>l]
Intercept 0.2251667 0.004775 47.16  <.0001*
NCS (equivalents)(1.05,1.2) -0.04375 0.005065 -8.64 0.0010*
Sulfuric acid (mol%)(2,5) 00195 0005065 385 00183
Temperature (C)(15,25) 0.096 0.005065 1896 <.0001*
Solvent (vol)(2,3) 0.0185 0.005065  3.65 0.0217*
Water in Solvent (%)(0,0.5) 0.0755 0005065 1491 0.0001*
NCS addition rate (vol/min)(0.05,0.3) 002675 0005065 -528 0.0062*
Solvent[EtOAc] -0.003722 0.004775 -0.78 0.4792*
NCS (equivalents)*Temperature (C) -0.017625 0.005065 -3.48 0.0254*
NCS (equivalents)*Solvent (vol) 0.007125 0.005065  1.41 0.2322*
NCS (equivalents)*Water in Solvent (%) -0.029625 0.005065 -5.85 0.0043*
NCS (equivalents)*NCS addition rate (vol/min) 0.038125 0.005065  7.53  0.0017*
NCS (equivalents)*Solvent[EtOAc] -0.089875 0.005065 -17.75 <.0001*
Sulfuric acid (mol%)*Temperature (C) 0.012625 0.005065  2.49  0.0673
FIG.5D
Residual by Predicted Plot
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Interaction Profiles
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NCS addition

Water in
Solvent (%) rate (vol/min) Solvent
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Robustness Design of Experiment

Experimental Table

NCS addition  Sulfuric

: NCS Temp. : 4
Experiment Pattern (equivalents) (C)p (vorI;t:\in) : r?mgll(;{, ) (area%)
1 +—4- 1.07 13 75 0.8 0.07
2 0 1.055 17 92.5 1 0.09
3 ———= 1.04 13 30 0.8 0.09
4 —+—+ 1.04 21 30 1.2 0.09
5 -—++ 1.04 13 735 1.2 0.07
6 ++++ 1.07 21 735 1.2 0.07
7 +——+ 1.07 13 30 1.2 0.07
8 0 1.035 17 92.5 1 0.08
9 —++- 1.04 21 75 0.8 0.1 .
10 ++-—- 1.07 21 30 0.8 0.09

FIG.7
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Actual by Predicted Plot

0.105
0.11
— 0.0951
o
<+ = 0.091
£ 0.085-
£ 008;
= 0.0751
0.07q -
0-065 [ | ] I | T
- 0.065 0.075 0.085 0.095
Impurity 4 (area%) Predicted
P=0.009 RSq=0.91 RMSE=0.0047
FIG.8A
Summary of Fit
RSquare 0.905172
RSquare Adj 0.82931
Root Mean Square Error 0.00469
Mean of Response 0.082
Observations (or Sum Wgts) 10
FIG.8B
Analysis of Variance
Sum of
Source  DF Squares Mean Square F Ratio
Model 4 0.00105000 0.000262 11.9318
Error 5 0.00011000 0.000022 Prob>F
C. Total 9 0.00116000 0.0090*

FIG.8C
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7 hack OF Fit 7

Impurity 4 (area%) Predicted

FIG.8F

Sum of F Ratio
Source DF Squares Mean Square 0.3000
Lack Of Fit 4 0.00006000 0.000015 Prob>F
Pure Error 1 0.00005000 0.000050 0.8581
Total Error 5 0.00011000 Max RSq
0.9569
FIG.8D
\ Parameter Estimates \ \\
|Term Fstimate Std Eror t Ratio  Prob>|Y
Intercept 0.082 0.001483 55.28 <.0001*
NCS (equivolent32(1.04,1.07) -0.00625 0.001658 -3.77  0.0130*
Temperature (C)(13,21) 0.00625 0.001658 ~ 3.77 0.0130*
Addition Rate (min.)(30,75) -0.00375 0.001658 -2.26 0.0732
Sulfuric acid (mol%)(0.8,1.2) -0.00625 0.001658 -3.77 0.0130*
FIG.8E
Residual by Predicted Plot
0.010
0.0081
S 0.008
<+ 2
%,é 0.00471
E%,\ 0.0021
\Lc; 0'000- ................................................................................
-0.0021 o
_0-004 | 1 1 I ] T
0.065 0.075 0.085 0.095
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