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Supporting Information

for

Tracking Chemical Kinetics in High-Throughput Systems

H. F. M. Boelens, D. Iron, J. A. Westerhuis and G. Rothenberg

This is an annotated MATLAB 6.1 m-file routine for quick evaluation of high-throughput sampling
strategies.

function [o_xinf,o_times] = Conpstrat (k, nmeas, Tneas, Ti nf)

% function [o_xinf,o_tines] = Conpstrat (k, nneas, Tneas, Ti nf)
%

% Pur pose:

% Conpare the effect of the various sanpling strategies
% for estimating the kinetic constant of a first order reaction
% using the results of Appendi x of the publication:
% " TRACKI NG CHEM CAL KI NETICS I N H GH THROUGHPUT SYSTEMS"
10 % Boel ens, et al.
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11 %

12 % | nput:

13 Y ======

14 % k - scalar.

15 % Kinetic constant of first order reaction [m n”-1].
17 %

18 % nneas - scalar or vector.

19 % Number of neasurenents to perform If "nnmeas" is
20 % a vector the relative performance of the three
21 % different sanpling strategies will

22 % be plotted as a function of the nunber of

23 % measur enment s.

24 %

25 % Tneas - Tine needed to do a neasurenent [mn].

26 %

27 % Tinf - Maximumtine to consider [min].

28 %

29 %

30 % CQut put:

31 % =======

32 %o xinf - vector or matrix

33 % Each row (i) contains the squared sum of the



% informati on vector for the sanpling

% strategies S1,S2,S3 and S4. The val ues
% of the i-th row belong to the nunber of
% neasurenents contained in: nneas(i).

% Exanpl e: When nneas = [2,3], then first
% row, o_xinf(1,:), contains results for
% doing 2 neasurenents, and the second row
% o xinf(2,:) results for doing 3

% neasur enent s.

%

% o_tinmes - matri x

% Ti mes at which neasurenents are done for the
% various sanpling strategies:

% o times(:,1) - Strategy S1.

% o times(:,2) - Strategy S2.

% o times(:,3) - Strategy S3.

% Only returned when "nneas" is a scal ar.

%
% Description:

% The next sanpling strategies are considered (see publication):
% S1 Equi di stant sanpling along tine axis.

% S2 Pack sanples at start of reaction.

% S3 Equi di stant sanpling along concentration axis.

% S4 Theoretically optinmal sanpling strategy.

%

% Exanpl es of use:

%
% Conpstrat (0. 20, 3, 1)

% Conpare strategies for:

%+ k = 0.20 mnn-1

% + 3 measurenents

% + Time for neasurenent is 1 mn.

%

% Conpstrat (0. 20, 2: 1: 20, 2)

% Conpare strategies for:

%+ k = 0.20 mnn-1

% + Test strategies for different nunber of neasurenents.

% + take as 2 mnutes as the tinme needed to do a neasurenent.
close all % C ose all figure w ndows.
xinf=[];stimes=[];c3=[];

if ( nargin <1)

k = input('Kinetic constant [m n”-1] (default: 0.23 mn~-1) : ');
end
if ( isenmpty(k) )

k = 0.23;

fprintf(' Conpstrat: Kinetic constant 98.2f [mn”-1]\n',k);
end

if ( ~all(size(k) ==1) )
error(' Conpstrat: "k" nust be a scalar')
end

if ( nargin < 2)

nmeas = input (' Nunber of neasurenents (default: 3) : ");
end
if ( isenpty(nneas) )
nneas = 3,
end
if ( nargin < 3)

Trneas = input (' Tine for a neasurenent [mn?-1] (default: 10 sec) : ');
end
if ( isenpty(Tneas) )



97 Tneas = 10/ 60; % Tneas = 10 sec
98 end

99

100 if ( nargin < 4)

101 % No Tinf specified. set to 6/k
102 Tinf = 6/Kk;

103 end

104

105 Tdel Treas / 10;
106 Taxis 0: Tdel : Ti nf;

107 c_curve
108 Dc_curve

exp(-k .* Taxis);
(Taxis .* exp(-k .* Taxis))."2;

109

110 if ( isenpty(nnmeas) )

111 nmeas = input('# nmeasurenments: ');

112 end

113

114 if ( size(nnmeas) == [1,1] )

115

116 % xi nf(1) is squared sumof information vector for strategy 1.

117 [xinf(1),F1,tsl] = strat 1( nneas, k, Tneas, Ti nf);

118

119 % xi nf(2) is squared sum of information vector for strategy 2.

120 [xinf(2),F2,ts2] = strat 2(nneas, k, Trreas) ;

121

122 % xi nf(3) is squared sum of information vector for strategy 3.

123 [xinf(3), F3,ts3, cs3] = strat 3(nneas, k, Tneas) ;

124

125 % xi nf(4) is squared sumof information vector for best strategy.

126 [xinf(4),F4,ts4] = strat4(nneas, k) ;

127

128 if ( nargout == 0 )

129

130 % Pl ot conpares various strategies

131 figure(1)

132 subplot(2,1,1)

133 pl ot (Taxi s, c_curve, ' k-")

134 hol d on

135 pl ot (tsl, zeros(size(tsl)), ko' ,"'linewidth',1.5, " markersize',6, markerface','r');
136 pl ot (ts2, zeros(size(ts2)), ' ks', ' linewidth ,1.5," markersize',6, nmarkerface','b");
137 pl ot (zeros(size(cs3)),cs3," ' kd',"linewidth', 1.5 "markersize',6, narkerface','qg');
138 | egend(' conc','strat: S1','strat: S2','strat: S3');

139 axis([-0.1/k, Tinf,ylin);

140 line = axis;

141 ylabel ("\Vit{a { t}}");

142

143 subpl ot (2,1, 2)

144 pl ot (Taxi s, Dc_curve, ' k-"); hold on

145 plot(tsl, F1.72,"ko"','linewidth', 1.5, " markersize', 6, markerfacecolor','r");
146 plot(ts2, F2.72,"ks", ' linewidth',1.5," markersize', 6, markerfacecolor',' b");
147 plot(ts3,F3.722,"kd","linewidth',1.5," markersize', 6, markerfacecolor','g");
148 plot([1/k,1/Kk],ylim'r:")

149 axis([lims(1:2),ylinm);

150 xlabel ("\it{Time / Mn}");

151 ylabel ("\Vit{f~{ 2}}");

152

153 el se

154 o_Xi nf = Xi nf;

155 o_tines = [tsl',tsl',ts3']

156 end

157

158 elseif ( min(size(nmeas)) ==1)

159
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% Cal cul ate xinf ( total

% separate strategy. Loop runs over the nunber
% neasurenents for which the cal cul ations

% ar e nade.

i meas = 1:1ength(nnmeas) )

for (

xi nf (i meas, 1)
xi nf (i meas, 2)
xi nf (i meas, 3)
xi nf (i meas, 4)

end

strat 2(nneas(i neas), k, Tneas) ;
strat 3(nneas(i neas), k, Tneas) ;
strat 4(nneas(i neas), k);

informati on value ) for each

strat 1( nneas(i meas), k, Tneas, Ti nf);

% Cal cul ate rel ative prefornmace [percent] of strategies

% S1,S2,S3 with respect to the best strategy (S4).
xinf(:,1)
xinf(:,2)
xinf(:,3)

xinf(:,1) ./ xinf(:,4) * 100;
xinf(:,2) ./ xinf(:,4) * 100;
xinf(:,3) ./ xinf(:,4) * 100;

if ( nargout == 0 )

% Pl ot when variable "nneas" is vector.
figure(1)

pl ot (nneas, xi nf (:,1),"' ko

hol d on

pl ot (nneas, xi nf(:,2), " ks’
pl ot (nneas, xi nf (:,3), " kd'

x| abel (" # neasurenents');
yl abel (' Rel ative performance[%"');
| egend(' S1',"'S2',"'S3");

title(sprintf('k = 9%.2f [mn]~{-1} Tneas: %.2f [min]',k, Treas));

el se

o_Xi nf
otimes =[];

end

end

= Xi nf;

function [xinfl, F1,ts1] = stratl1(nneas, k, Tneas, Ti nf)

% +++++> Sanpling strategy 1. Equidistant sanpling along tine axis.

Tdel

if ( Tdel

end
tsl
F1
xinfl

function
0% +++++>
ts2
F2
xi nf2

function

0% +++++>
Cdel
Cs3
ts3
ts3_0
i ndex
done

= Tinf [/ (nneas+1);

< Treas )

Tdel = Tneas;

T
t
S

del : Tdel : Tinf - Tdel;
sl .* exp(-k .* tsl);
um(F1 .* F1);

[xinf2, F2,ts2] = strat?2(nmeas, k, Treas)

Sanpling strategy 2: Pack sanples at start of

T
t
S

nmeas: Tneas: (nneas) * Tneas;
s2 .* exp(-k .* ts2);
um(F2 .* F2);

[xinf3, F3,ts3,Cs3] = strat3(nmeas, k, Tnreas)

Sanpling strategy 3: Equidistant sanpling concentration axis.

1
1

[
f
0

/ (nmeas+1);

- Cdel : - Cdel : 0+Cdel ;

| 0g(Cs3)/Kk;

0,ts3];

ind ( diff(ts3_0) < Tneas );

,linewidth', 1.5, markersi ze', 6, ' markerfacecol or'
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,"linewidth',1.5," markersize', 6,' markerfacecolor','b'
,linewidth', 1.5, markersi ze', 6, ' markerfacecol or'
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223 while ( ~isenpty(index) )

224 for (i = 1:length(index) )

225 ts3(index(i)) = ts3_0(index(i)) + Tneas + 100*eps;
226 ts3_0 =[0,ts3];

227 end

228 index = find ( diff(ts3_0) < Tneas );

229 if ( done )

230 fprintf('%l ', nnmeas);

231 done = 1,

232 end

233 end

234 fprintf('\n")

235 F3 = ts3 .* exp(-k .* ts3);

236 xinf3 = sum F3 .* F3);

237

238 function [xinf4,F4,ts4] = strat4(nneas, k)

239 % +++++> Sanpling strategy 4: Optinal sanpling.

240 ts4 = 1/k * ones(nneas,1);
241 F4 =tsd4 .* exp(-k .* ts4);
242 xinf4 = sumF4 .* F4);
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