APPENDIX#3:

Mircea D. Gheorghiu

Non-linear Curve fitting with
Microsoft Excel Solver and Non-
Linear Regression Statistics'’

A. CALCULATION OF Ko, Keea. AND DEBYE-HUCKEL PLOT.
Al. Kinetics calculation: k/oby’ k/rwb ................... page 1
Al.1 “The crude” TP, page 7

A. Calculation of k..., k..« and Debye-Hiickel
plot.

Al. Kinetics: calculation of k,,s and Ky a).
1. From File click on New.., then on General Workbook:
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' E. J. Billo “Excel® for Chemists”, 2" ed., Wiley: New York, 2001, Chapiter 12. For questions you can
contact Prof. Billo (Dept. Chem., Boston College, Chestnut Hill, MA): joseph.billo@bc.edu; see also:
http://chemserv.bc.edu/faculty/billo.html
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2. From File, Save as... the workbook. My preference for file name is
Kinetics MG (MG are my initials) and it is saved in the Personal folder.
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3. Five sheets are necessary in your workbook. Four are for Kinetics data. The
fifth is for Debye Huckel calculation. You have to append these five sheets to
your written or Oral report.

If there are not enough Sheets, click Insert and then Worksheet.
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Name four sheets, each for a kinetic run. For example, I have chosen: KineticsA (for
the 0.02M NaNOs), KineticsB (for the 0.05M NaNO3), KineticsC, (for the 0.1M
NaNOs) and KineticsD (for the 0.2M NaNO3).
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4. Now is time to add your experimental data to the four sheets. Take for example,
KineticsB sheet. Type in column A, the time (in seconds), and in column B the
experimental absorbances (@420nm) corresponding to the respective time.
Add on the Table two more columns. One for calculated absorbances (from
equation 3) and a second column for the square of the difference experimental
absorbances (column B)-calculated absorbances (column C).

fime experimental | Calculated Diff*2
(seconds) absorbances ahsnrh.ances [lexp-calc)*2]

1 {420 nm) {equation 3)
2 0 0.50723
3 60 0.48962
4 120 0.4733

) 180 0.45877
B 240 0.44608
7 300 0.43346
a8 360 0.42337
e 420 0.4129

10 480 0.40375
11 540 0.39626
12 600 0.38828
13 660 0.38049
14 720 0.37381
15 780 036777
16 840 0.36227
17 S00 0.3568

13 960 0.35213
19| 1020 0.34729
20 1080 0.34312
21 1140 0.33925
220 12 0.33557

l4 4| p [ p]% Kineticsa S KineticsB ¢ KineticsC £ KineticsD / Sheets /
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5. Just as a reminder, the second order integrated kinetic equation, as it was
presented to you in my hand-out, is printed next. The meaning of variables are
the same as in the hand-out and the Lab Manual:

1
A=A, A3)
A, —A
1-—> " T exp(—c;k,, .t
AO p( f ™ obs )

Integrated second order Kinetic equation in terms of
absorbance that is curve-fitted to the experimental data.
A= initial absorbance

A = absorbance at time t

A= absorbance when all H,Asc has reacted.

6. We are now just a step before using Microsoft Excel Solver. On each kinetic
sheet one must add cells containing two sets of information. In cells H2 and H3
are typed the values of the “fixed” variables A0 and epsilon, respectively. The
content of the cells HS (Af value) and H6 (kobs) is changing. Initially, “guess”
values are typed in for the variables of Af and kobs. After the minimization
process, Solver returns the regression coefficients in the changing cells HS and
H6, respectively. Solver is not providing the standard deviations of the
coefficients; see B section.

7. In order to be automatically plugged into the kinetic equation, the cells containing
the values of A0, epsilon, Af, kobs must be given a name (this is an Excel
requirement).

e For A0, type =B2 in cell H2
For epsilon type in cell H3, the value obtained by you for epsilon (calculated
from Lambert-Beer equation, recorded during day #1). The slope of the least
square straight line, calculated from my results, gave € = 1020.

Type in cell HS the best guess value for Af, that is 0.25 (Why?).

e Type the your guess value for kobs in cell H6. My guess is 5.
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| aria -0 - BIrUEE=EE$%, 9% == @3-
HE | =[5
A B @ D E | F | 5 | H |
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1 (seconds) 30 nmy | (equation 3) |[(B%P-C3I0"7]
2 1] 0.50723 Al= 0.50723
3 60 0.48962 epsilon= 1020
4 120 0.4733
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] 240 0.44608 kohs= I 5_|
7 300 0.43346




In order to be automatically inserted in equation 3, A0, epsilon, Af and kobs must be
assigned a name. For example to name A0, first click on cell H2. Than click on Insert,
Name, Define:
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Please notice and check the correct location of the value of A0, in this case is (according
to Excel grammar): KineticsB!$H$2, that is on KineticsB sheet and location H2. Click
on add button. Click on OK. The naming continues for cells H3:H5. Next, let us name
as t the vector A2:A22. First highlight the column A2:A22, then click on Insert, Name,
Define and change the names in workbook as t (check Refers to address in order be
correct). The Define Name window will look like:
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t b =0
A B C D E | F | & | H |
fime experimental | Calculated Diff~7
(seconds) ahsorbances | absorhances [{exp-calg*2]
1 {420 nm) {equation 3)
2 1] 0.50723 Al= 0.50723
3 60 0.48967 epsilon= 1020
4 120 0.4 prs
5 180 I Define Name E E 0.25
6 240 0.4: MNames in warkboaok: q
7| 300 0.4; | o |
] 360 0.4 [a0 -
q 420 04 .ﬁ.F_ _I Close |
10| 480 0.41 |FPsien i
11| 540 0.3! _ |
12 600 0.3 Delata
13 660 0.3 _—I
14 720 0.3
15] 780 0.3 [~
16 840 0.3 Refers tao:
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191 1020 034729 | | |

8.  Solver optimizes the curve fitting in two steps:

e In the first step, “crude” values of absorbances are calculated.

¢ In the second step, the optimization step, the crude values of calculated

absorbances are refined to best fit to experimental values.

A. The “Crude” Step:

Type in cell C2 =Af/((1-((A0-Af)/A0)*EXP(-kobs*t*Af/epsilon))). Cell H2 is filled
with the calculated absorbance for t=0 seconds. According to equation 3 it is equal with

A0.
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In order to fill in cells C3 through C22, click on cell C2. Bring the cursor to the
right low corner and press left mouse. Drag all the way down to cell C22. Depress
the left mouse. All cells (C2:C22) are now filled in with the calculated (“crude”)

C2 | = | =AF(1-((AD-ANADEXP (-kobs™t*Aflepsilan)))
A B C 5] E | F |
fime experimental | Calculated Diff~7
[seconds) absorhances ahsurh.am:es [iexp-calg)AZ]

1 (420 nm) eguation 3)
2 0 0.50723 0.50723 Al=
3 60 0.48962 epsilon=
4 120 0.4733
] 180 0.45877 A=
a] 240 0.44608 kohs=
7 300 0.43346
A 36N N.A2337

Absorbances:
A B C ]
time experimental | Calculated Diffs 72
(seconds) absorbances ahsurhian[:es [(exp-calg)*2]
1 {420 nm) {equation 3)
i 0 0.50723 0.50723
3 60 0.48962 047275
4 120 0.4733 0.44466
5 180 0.458¢7 0.42140
6 240 0.44608 040187
7 300 0.43346 0.38528
8 360 0.42337 0.37104
9 420 0.4129 0.35873
10 480 0.40375 0.34800
11 540 0.39626 0.33359
12 600 0.33828 0.33029
13 660 0.33049 0.32294
14 720 0.37381 0.31640
15 780 0.36777 0.31055
16 840 0.36227 0.30531
17 900 0.3568 0.30059
18 960 0.35213 0.29634
10| 10720 n3477q 197500
4| 4[p [ M Kineticsa % KineticsB ¢ KineticsC £ KineticsD 4 Sheets /




A2. Optimization step: Non-linear curve fitting step.

9. Type in cell D2=(B2-C2)"2. Press Enter key.

10. Click on cell D2. Drag all the way down to cell D22, as it was described for
calculated absorbances.

I1.In cell D23 sum (chck on icon E) D2 through D22.

| E||%&J|aaa@'|mm%5,ﬁsgii

J. Eile Edit “jew Insert Format Tools Data Window Help AubaS0m

J.ﬁ.rial ST E U =E=E=EE|C
SUM =| % o =| =SUM({D2:D22)

A B C | D [ E |

300 0.43346 038528 ¢ 2.3217E-03

360 0.42337 037104 | 27331E-03

420 0.4129 0.35873 | 29343E03
10| 480 0.40375 0.34800 | 3.1080E-03!
11| 540 0.39626 0.33859 | 3.3257E-03)
12| 600 0.38828 033029 ¢ 33624E-03¢
13| 660 0.38049 032294 |  3.3119E-03)
14| 720 0.37381 0.31640 *: 3.2963E-03)
15 780 0.36777 031055 1 32741603
16 840 0.36227 030531 | 3.2447E-03)
17 | 900 0.3568 0.30059 ¢ 31592603
18| 960 0.35213 029634 | 3.1123E03
19 1020 0.34729 0.29250 |  3.0021E-03)
20| 1080 0.34312 028902 ¢ 29273E-03!
21| 1140 0.33925 028585 | 2.8512E-03)
22| 1200 0.33557 0.28298 | 276B1E-D3]
i1 S0 022]

Than press Enter key.

12. Click on cell D23. Click Tools and than Solver...
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DEEERY {iBRC o-o- &= A 3E
J File Edit Miew Insert Format | Tools Data Window Help
[ aria Vspding..  F7 E==E3 @
23 j =| =5l Share Waorkbook., .
A B Protection g E |
7 300 0.43346 E-03
a 360 0.42337 E-03
9 420 0.4129 Add-Ins... E-03
10 480 0.40375 Cuskamize. ., E-03
11 hH40 0.39626 Opkions. .. E-03
12 600 0.33828 ¥ E-03
13 660 0.36049 0.32294 3.3119E-03
14 720 0.37381 0.31540 3.20963E-03
15 Fa0 036777 0.31055 3.27MEO3
1R 840 0.36227 0.30531 3 MATENR
The Solver Parameters window pops-up. The target cell is D23.
| Avisl s B == =B %y e
D23 | =| =5UM(D2:022)
A B C D E | F | G ]
7 300 0.43346 0.38528 2. 3217 E-03
g 360 | Solver Parameters HE
9 420 | Set Target Cell: HOb2s Salve I
10 480 [ Equal Ta: G Max (Mo valesof: |0 Close |
11 740 [ By Changing Cells:
12 600 0] Y| Gless |
13 660 [ ~Subject to the Constraints: i |
i 20 . _I . Options
15 780 [ —I_
Zh
B[ o | o | e
- Celete |
18| 960 ( - e |
19 1020 L — —
20 1080 0.34312 | 0.23902 2.9273E-03

Type into By Changing the cells: HS and H6 (that is $HS$5 and $H$6).
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{equation 3) lexp-calcy” 2]
050723 0.0000E-+HIO
047275 2 B4E3E-04
0.44466 8. 2020E-04
0.42140 1.2965E-03
040137 1.9547E-03

Solver Parameters

Al= 0.50723
epsilon= 1020
Af= 025
kohs= 5

(7] ]

Set Target Cell: 0423 % Solve |
Equal Ta: & Max Mo Yalue of: IE' Close |
By Changing Cells:
il Al e |
~Subject to the Constraints: Qpkions |
Al ad
Change |
Reset Al
LI Delete |
Help |

A0SR I Fati=hel

On Solver Parameters click on Options. Change Max Time to 1200 seconds (kinetics

run time). Click OK.

J Arial

-0 - = — —H|s %, ®3%==@-

3 =] =| =3UNM(D2:022)

&, B C D E | F | & | H |

ime | experimenta | Caleulated | pigy

conis) Solver Options EE

0 : Al= 0.50723
—  Max Time: 1200] | seconds

60 | epsilon= 1020

120 Iterations: 100 Cancel |

180 | precision: [0.000001 Load Model. . | Af= 0.25

240 " - ” E— kohs= 5
— Tolerance: I 3 |

300 et Save Maode

360 I Conyergence; ID.DDDl Help |

420 | [ Assume Linear Model [ Use Automatic Scaling

480 [ Assume Mon-Megative [ show Iteration Results

540 | | [Estimates erivatives earch

600 i+ Tangent i+ Forward O MNewkton

660 | Quadratic " Central " Conjugate

20 |

- e |

The Solver Parameters window comes back. Click first on Min and than on Solve

button:

1

1



| rial SR AR U === T e g

D23 | =| =SUM(D2:D22)
A, B C D E | F | & |
120 04733 0.44466 8. 2020E-04
180 0.45877 0.42140 1.3965E-03 A=
| T ||
30
__3E Set Target Cell: I_ =k] Solve I
wl 43 Equal To: _ * Max ﬁ“ " Yalue of; |U Close I
= T By Changing Cells:
I
— —— H$S: $HE 5
oq | [sHes:ds Z guess |
1 &L Subject to the Constraints: Dptians
Il = add
: iz Change
3 7 _—I Reset Al |
5_ 84 ;I Delete | e
i aC

960 | 035213 | 0.29634 3.1123E03
Jp—— I [ 1 [ —

The Solver Results window pops-up. Note that the values in cells H4 and HS are

updated. You know by now the value of kobs as 2.60. Note that the initial value the
“guess”} has been taken as 5.
Qe - . - =|===|==|I-p o3 .uu-i.u|=_-—=.-—|l_l_l
3 | =| =SUn(D2:D22)
A B C D E | F | 5 | H |
20 0.4733 047325 2.0832E09
g0 0.45877 0.45879 5.1845E-10 Af= 0.263131
40 0.44608 0.44571 1.3668E07 kohs= 2.601935
an 0.43346 0.43383 1.3043E07
O e 1|
20
—— Solver has converged to the current solution.  all
E constrainks are satisfisd, Reparts
ﬂ Answer ;I
0o ol Sensitivity
— i : Lirniks
ﬂ " Restore Original Walues =i
20
ﬁ (04 I Cancel | Save Scenario. .. I Help I
40

| 036227 | 0.36236 7.8227E09
| ——— I o T ———

You can print some reports: answer, sensitivity and limits. For Example the Answer
Report looks like:

12



Al B | C | D | e | F |
Microsoft Excel 9.0 Answer Report

Worksheet: [Hinetics MG.xIs]HineticsB

Report Created: 12/28/01 5:39:24 PM

Target Cell (Min)
Cell Name Original Yalue Final Value
F053 DY [{exp-calc)?] A3191E02 1. 7040E-06

Adjustable Cells

Cell MName Original Yalue Final Value
BHFS  Af 0.25 0.263131155
FHEE  kobs 5 2601934917

R
sl it e

Constraints
MOME

—
(m]

]

Repeat steps 4 through 12 for sheets KineticsA, KineticsC and KineticsD. Whenever is
necessary, please update the Reference in the Define Name window.

A3. Debye-Hiickel equation.

In the “Kinetics” hand-out (see there the meanings of variables), the Debye-Hiickel
equation is defined as:

1/2 Il/2

I
=logk, +1.02*Z, *Z2W=logko +1.02%3% I (6)

log k

real
where ki, s given by equation (4):

k. =
real obs
K

al
Use the sheet#5 (renamed as Debye-Hiickel) to compute and draw the linear plot

logkreal (y axis) versus I>%/(1>3+1) (x axis). When fished the contend of the Debye-
Hiickel worksheet will look like:

13



A B C D E F G
NaNO03 "3"93 real Square root
14172/01*1/2+1) | logkreal kob kreal (stock [:rl:glan%:he of the ionic
1+172+1))  logkrea O | {kobs*([H+}2)Ka1) | solution | "o M | cirength
cong) diluted to 181/2

1 half)
2 0.1091 217 2.070 147.01 0.0204 0.0150 0.1225
3 0.1472 2.27 2.602 184.75 0.0500 0.0298 0.1726
4 0.1898 2.43 3.793 26930 0.1002 0.0549 0.2343
5 0.2447 2.53 4.808 341.40 0.2003 0.1050 0.3240
B

HNO3
7 | [molarity)= 0.0096 ggg

Ascorhic acid, : Debye_Hucke|
. Kt 6.76E-05 250 //4
9 = 245 -
10 |Slope= 2.78 $ 5.0 e
11 |Intercept= 1.87 = 2'35 /
12 | K= 73.90 & < P
13 |R~2= 0.9809 2.30 7
14 275
15 520 7 y=27835x+ 18686
16 & R? = (19209
215

17
18 210 T T
19 015 0.20 0.25
4[4[ [pI[ KineticsE £ KineticsC /£ KineticsD D _H_demo £ Debye_Huckel | 4]

1. Build a Table of 7 columns and 5 rows. The order and the content of the headings
are suggested in Fig. X. Remember that in Excel x-axis values have to stay left to
y-axis values (for example, column A values are on x-axis, column B values are
displayed on y-axis).

2. Fill in kobs values by reading the address from the respective worksheet. Click,
for example on cell C2 and type: KineticsA!$SH$6. Cell two is filled with the
value 2.07 for kobs. Cell C3 has to be filled with KineticsB!$H$6, cell C4 with
KineticsC!$HS$6 and cell C5 with KineticsD!$SH$6.

E4 Microsoft Excel - Kinetics_MG _xls

DEeRely RS - @ £ 45 0a 0w -F0.

J@ File Edit Wiew Insert Format Tools Daka  Window  Help

| ria -u-lpruE==EH %%, RB|EE -2
5 | =| =KineticsDIFHIE
A B C D E F G
NaNO3 NaN(.H real Square root
kreal (stock (adding the of the ionic
141/2/(1*1/2+1) |  logkreal kohs (kobs*([H+]/2)/Ka1)| solution Hl’!03, then strength
cone) diluted to 512
1 half)
2 2070
3 2.602
4 3.793
5 4.808
G

14



3. Add on the worksheet information regarding the HNO; molarity (cell B7). Type
the acidity constant for ascorbic acid (Kal=6.76*10) into cell BS.

Ed Microsoft Excel - Kinetics_MG_xls

DEH eRY sB2BS o-c- @z &2 5 00 - F0D0

J File Edit %iew Insert Format Tools Data ‘Window Help

4

| Al -0 - BIUSEE=EEH 8%, B8 EE -0
B15 | =|
A B € D E F G
NaNO3 ""‘"'?3 real Square root
kreal {stock (adding the of the ionic
1*1210%1/2+1) | logkreal | kobs o o) ~1HA2)Kat)| solution | NNO3: then | o ngth
diluted to
conc) 12172
1 half)
2 2.070
3 2.602
4 3.793
5 4.808
B
HNO3
7 | {molarityj= 0.0096
Ascorbic acid,
g Kale 6.76E05
q

4. Fill in the column D2 through D5 with calculate kreal (see equation 4). For
example in cell D2: =(C2/$B$8)*0.5*$B§7 (0.5 appears because the HNOjs in the
UV cuvette is the half diluted HNOj stock solution). Because cells B7 and B8 are
referred to absolute address, for example $B$7, you can generate automatically
the content of the subsequent D2:D5 cells. Click on D2, move the cursor to right
lower corner and pressing left mouse, drag all the way down to D5. Cells are
filled automatically.

£4 Microzoft Excel - Kinetics_MG xl=

4

DEESRY 2B v &= AL5U[0H0% -F 0

J File Edit Wiew Insert Format Tools Daka  Window Help

| EE -0 -prulE==Es %, WAEE@-O
D5 | =| =(C5/$B$8)"0.575B57
A B C D E F G
HaNO3 NaN(.B real Square root
1*172/0412+1)| logkreal | kob kreal istock {:::3'3"@:;“9 of the ionic
(*172:0))  logkrea 093 | kobs*([H+}2)Ka1) | solution | "= TEN | shrength
cone) diluted to [21/2
1 half)
2 2.070 147.01
3 2.602 184.75
4 3.793 269.30
5 1.808 341.40
B
HNO3
7 | _(molarity)= 0.0096
Ascorbic acid,
. vl 6.76E05
5

15



5. Calculate logkreal in cell D2 as LOG10(D2). Drag the cell content as described
above all the way down to B5:

Ed Microsoft Excel - Kinetics_ MG _xls

DERERY s BRS 0- - &= AU @0 -850

J File Edit Wiew Insert Format Tools Daka Window Help

Jlid -0 -B U |E==E8 %, B3[EE@-2
53 | =| =L0G10({D5)
A B C D E F G
NaNO3 T:J‘d?:g?;:l Square. ru_ut
W12 1241) | logkreal | kobs | s*(l[clﬁ?;z]man Sm’t‘::“ HNO3, then "‘;::':n;"t'i']":
diluted to
conc) 1212
1 half)
2 217 2.070 147.01
3 2.27 2.602 184.75
4 243 3.793 269.30
5 253 4.808 341.40
5
HNO3
7 | (molarity)= 0.0096
Ascorhic acid,
. Kale 6.76E05
9

6. The remaining calculation refers to 13/(1"+1) the x-axis variable calculation in
column A.

e First fill in NaNOj; stock solution molarities. In my experiments I used
the values printed in columns E2:ES.

e Second, in column F2:F5 calculated the real NaNO3 + HNO3 molarities.
For example in cell F2, calculate =(E2+$B$7)*0.5. Multiplication with
0.5 is because in the UV cuvette the stock solution become half diluted as
result of the 3 mL+ 3mL mixing (see the experiment and handouts).
Remember that for monovalent anions and cations, molarities are
numerically equal to Ionic Strength.

16



| File Edit Yiew Insert Format Tools Data Window Help

| avial -0 -Bzu|EE=HEH 8%, 48 /EE @
G2 =] =
A B C D E F G
NaNO3 NaN(.H real Square root
kreal [stock (adding the of the ionic
1*12{(1*1/2+7) | logkreal | kobs |, o po(H42)Kat1) | solution | HHO3 then | = ath
cong) diluted to (21,2
1 half)
2 217 2.070 147.01 0.0204 0.0150
3 227 2.602 184.75 0.0500 0.0298
4 243 3.793 269.30 0.1002 0.0549
5 253 4.808 341.40 0.2003 0.1050
G
HNO3
7 | {molarity)= 0.009
Ascorbic acid,
a Kal 6.76E05
9

e Third, in cells G2:G5 calculate the square root of value from cell F2:F5.
For example, in cell G2 type =SQRT(F2), and press Enter.

e Fourth, in cells A2:A5 calculate I*%/(1°*+1). For example, type
=G2/(G2+1) in cell A2. Click on the cell. Drag the lower right corner all

the way down to AS.
E3 Microzoft Excel - Kinetics MG _xls
D8Ry s |o-c-|a> £ 8% @as - @00.

J File Edit Wiew Insert Format Tools Chart Window Help

| rial A Sl == = e R
Chart Area =] =|
A B € D E F G
NaNO3 '::Jld(i): rtl:l?al Square root
1:1/2/041/2+1)| logkreal | kobs kreal (stock | Lo then | O the fonic
(kobs™{[H+]/2)/Ka1}| solution o strength
cong) diluted to [51/2
1 half)
2 0.1091 217 2.070 147.01 0.0204 0.0150 0.1225
5| 0.1472 2.27 2.602 184.73 0.0500 0.0298 0.1726
4 0.1898 2.43 3.793 269.30 0.1002 0.0549 0.2343
a 0.2447 2.53 4.608 341.40 0.2003 0.1050 0.3240
]
HHO3
7 | (molarity)= 0.0096
Ascorhic acid,
5 Kal= 6.76E05
9
| 10 |Slope= 2.78
| 11 |Intercept= 1.87
| 12 k)= 73.90
13 |R+2= 0.9509
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A2. The Debye-Hiickel plot.

Highlight columns A2:B5. Click on Insert than Chart...:

J File Edit iew | Insert Format Tools Data ‘Window Help

J.ﬁ.rial Rawis B 7 U |§ =k
AT ,,l Columns
P Wiorksheet D
S
F~ Function. ., kreal
15 1/2/(141/2 +1 e , bobs=(HJ2/Kat)| ¢
;_ 0.1091 Flctrs " 700
EW%Hyperliﬂk... Chrl+E 184.75
4 0.1898 _ < | 269.30
5 02447 | 253 | 4.808 | 341.40
5
HHO3
7 | {molarity}= 0.0096
Ascorbic acid,
. Kale 6.76E05
9
10

In the Chart Wizard window Step 1, choose Chart type: XY (Scatter); and the

highlighted Chart sub-type.

J File Edit Wiew Insert Format Tools Data ‘window Help

| B co-lp7u E==E 8%, w8 EE@-C
A2 | =| =G2/(1+G2)
A B Chart Wizard - Step 1 of 4 - Chart Type [ 2] x]
Standard Types | Custom Types |
1*1:2/{1* 17241} | logkreal k Chart typs: Chart sub-type:

] [l “olumn =

2[ v aar | 2 =5

3] 0.472 221 | 2. &

4 0.1898 243 3.

] 0.2447 2.53 4.

&

@ Doughnut
Hng 0.0096 i Radar

7_|_{molarity)- @ surface o

. ‘“S"""(h':_“"” 6.76E05 ®: Bubhle

5 ar= e Steck LI
% Scatter, Compares pairs of values,
12
13

14 Press and Hold to Wiew Sample I

15

Click next to steps 2 and 3. Fill in the chart title, value (X) axis and value (Y)

axis respectively.
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JEiIe Edit Wiew Insert Format Tools Data ‘Window Help

[ aval -0 -Br U E=E=E(8 %, WA E=EH-O-A
=] =] =G2/(1+G2)
A B C D E F G H |
NaNO3 real
_ NaNO3 | (2dding the | 142" M0t
IR/ 17241 logkreal
1 Titles I Axes | Gridlines | Legend | Data Labelsl
2 0.1091 217 i Chart title:
3 0.1472 2.27 i IDebye_Huckd Debye-Huckel
4 0.1898 243 ] )
5| 02147 253 | . ‘deiias 25
- [ro.sia~0.5+1) 250 g
HNO3 0,009 Value (1) axis: 3 st s
7 | (molarity)= | [loskreal 32
- ASEU::::::CN’ 6.76E05 Second categary (4) axis: 222;‘5 : *
9 210
W Second value ('\() axis: 0.0000 01000 02000 0.3000
T I 10517 0.5+1)
12|
13
4 El Cancel < Back | Mexk = I Einish
E
e (lick Next and than Finish.
e After a few editing, the graph looks:
A B = D E F €] F
2 0.1091 217 2.070 147.01 0.0204 0.0150 0.1225
3 0.1472 2.27 2.602 184.75 0.0500 0.0298 0.1726
4 0.1898 2.43 3.793 269.30 0.1002 0.0549 0.2343
5 0.2447 2.53 4.808 341.40 0.2003 0.1050 0.3240
B
HNO3
7 | (molarity= | “00% 2.60
Ascorbic acid, 250 Debye-Huckel +
6.76E05 — :
8 Kal= = .
9 | L 240
10 g
1 2 230 .
% 220 .
W 210 T T
15| 0.10 015 0.20 0.25
16| 10 5410 5+1)
a7

e The least square straight line is added on the graph, by clicking on Chart, than
Add trendline..
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] Fle Edit view

Insert Format Tools | Chart ‘'Window Help

J.C\rial - 1z Chart: Type. ., E = | A R gE‘ /|-
falue () axis j =| Source Data...
A E T Chart Options. .. E F 5
2 0.1091 217 2.07(  Location... 0.0204 0.0150 0.1225
3 0.1472 2.27 2.60: 0.0500 0.0293 0.1726
4 0.1898 2.43 3.79: AddData.. 0.1002 0.0549 0.2343
5 0.2447 243 4.80f  Add Trendiine. . 0.2003 0.1050 0.3240
g F-DMiEn, .,
HHO3
7 | (molarity= | 200% 2.60
Ascorhic acid, 2 50 DEbVE-HUCke| *
6.76ED5 —_ :
3 Kal= S .
3 2 240
0] g
] S 230 R
2 220 1~
3
T 210 = T T =
5| 010 015 0.20 0.25
B [*0.801"0.8+1)
7
Choose Type the Trend/Regression type, Linear.
|@ File Edit View Insert Farmat Tools Chark  Window  Help
| . B rU|E==E|8 %, @2
Plot Area =] =]
A B C ] E F
2 0.1091 217 2.070 147.01 0.0204 0.0150 [
3 0. " 98 [
EN Add Trendline %_
4] o 49 (
5 0. {"fype 3| options | N50 i
i—H ~Trend/Regression type
7 | _(mol L R . Order:
Ascor f’J( 4 el
i K Linear Logarithmic Polynomial +
9
ﬂ Wi .= | Period:
A2 Power Exponential [Moving average
13
14 Based on series: pro——r—"
15 - 0.20
16 (I"0.5+1)
A7 = T
18
19
=

squared value on the chart:

20

Click on Options. Check display equation on the chart and Display R-



] - S S e e e e e =

Flat Area =] =
A B = D E F £}

2 0.1091 217 2.070 147.01 0.0204 0.0150 0.1225

3 0. . 98 0.1726
R IR 4 i Toend (2] ]
T4 [ o, el Edﬂ 0.2343
5] 0. Tye  Options | ps0 0.3240
6] ~Trendline name

H & Automatic:  Linear (Series1)
7 | _(mol -
Ascor Custam: I el *

i_ﬁ Forecast b
19—0 Forward: IU E‘ Units
I Backward: ID E‘ |nits

12
E [™ Setintercept = IU
ﬂ [¥ Display equation on chart '
£ Iv Dispiay R-squared vajue on chart | 020 0.25
_1E | ("0.5+1)
7]
18
19

an

The least square straight line has the equation: y = 2.7835x + 1.8686 and
R?=0.9809 (satisfactory, however I am confident that 5.311 students will get a
better R?).

B C D E F G H
217 2.070 147 01 0.0204 0.0150 0.1225
227 7.602 18475 0.0500 0.0298 0.1726
z.43 3.793 269.30 0.1002 0.0549 0.2343
253 4.508 341.40 0.2003 0.1050 0.3240
0.0096 360

255 T—Teb
6.76E05 ebye-Huckel /‘3
250 —
7 249 v 7
£ 240 —
D 235 —
- 230 /
225
230 L~y =27835x+ 18686
715 & B2 = 0 98na
210 T T
010 015 0.20 0.25
"0 5410 5+1)

In order to compute the slope (1.02*Z,*Z,) and intercept, ko (rate constant at
1=0), and R2, let first add these cells (H10:H12) to the Debye-Hiickel worksheet.

Type =SLOPE(B2:B5,A2:A5) into cell next (B10) to Slope=.

Type = INTERCEPT(B2:B5,A2:A5) into cell next (B11) to Intercept=
Type =10"B11 into cell next (B12) to k0=

Type =RSQ(B2:B5,A2:A5) next (B13) to R*2=

21



J File Edit ¥iew Insert Format Tools Data ‘Window Help

JAriaI B | B I U E=
FontI
F25 -l =
A B C D E 3 G H
2|  0.1091 2.17 2.070 147.01 0.0204 0.0150 0.1225
3] 014w 227 2.602 184.75 0.0500 0.0298 0.1726
4 [ 0.1898 243 3.793 269.30 0.1002 0.0549 0.2343
5| 0.2447 253 4.808 341.40 0.2003 0.1050 0.3240
B
HNO3
7 | (molarity)= 0.009 260
Ascorbic acid, 6.76ED5 255 Debye_Hucke| /3

8 Kal= 250 v
[ 9 | = 245 S
| 10 |Slope= 2.78 $ -un e
| 11 |Intercept= 1.87 = /
12 kD= 73.90 g 235 v
13 [R2= 0.9809 230 e
14 295

15 250 L7 y=27835«+ 18686
|16 | 215 & B2 = 1.9809

17 :

W 210 T T

113 | 010 015 0.20 025
=0 | 10 B/(1*0 .5+ 1)
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B. Non-linear statistics’

The non-linear statistics is performed with the SolvStat macro written by Prof. Billo.
You have to reload the macro each time whenever you want to perform the non-linear
statistics.

1. Double click on the Desktop icon B

Ed Microsoft Excel

. Next, click on Enable Macros button.
& Microphone E&Toal

Eile Edit Yiew Insert Format Tools Data  Window Help
DU |(ERY|(sw|o-@=-4 @D 7
- i3

=

Microsoft Excel

DExcel for Chemists\Chapter 124SolvStat.xls contains macros,

Macros may contain viruses, Itis always safe to disable macros, but if the
macros are legitimate, you might lose some functionality.

Enable Macros | More Info

This will launch the Excel loaded with the macro SolvStat under the Tools button:

; . -~ A Micro
Microsoft Excel - Kinetics xIs g

@ File Edit “ew Insert Format | Tools Igata Wiindow  Help
D25 &Ry & 6BV Selng. F7 | 2 arial
Ha - A Solver...
A | Bl Solver Statistics... | D | E |
tacra [

’ AD= 0.507 ¥ time Afcalc)
Z Af= 0.2631 0.50723 0 0.50723
3 | kobs= 2.8060 0.48962 50 0.48931
4 epsilon= 1100 0.4733 120 0.47325
2 | 0.45877 180 0.45879
6 0.44508 240 0.44571

LR N E Tt LR T T

? This package is available from the CD accompanying Prof. Bilo’s book (see footnote 1). It is installed on
the Dell Optiplex.
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For each kobs there are four quick steps to calculate the standard deviation.

2. In Step 1 select the range of the experimental absorbances. Is very expeditious to
highlight with the mouse the column containing the experimental Absorbances. The
window is filled in automatically.

absorbance time Afcalc) Diff{A-
{420 nm) Acalc)h2
0.50723 0 0.50723 0.00E+00
0.48962 60 0.485931 9.47E-08
0.4733 SOLVER STATISTICS - 5TEP 1 OF 4 H E
0.45877 Select range of known y's.
0.44608
0.43346 {Range must be a single row or colurmn.
0.42337
0.4129
0.40375 | IFFiECE2
0.39626
0.38828 Ok I Cancel
0.38049 660 0.38080 9.62E-08
0.37331 720 0.3741%9 1.48E-07
0.36777 780 0.36806 8.56E-08
0.36227 840 0.36236 T.87TE-09
0.3568 900 0.35704 5.95E-08
0.35213 960 0.35208 2.13E-09
0.34729 1020 0.34745 2.48E-08
0.34312 1080 0.34311 1.51E-10
0.33925 1140 0.33904 4. 41E-08
0.33657 1200 0.33522 1.21E-07

3. In Step 2 select the range of the calculated absorbances.
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B | ¢ | o | E |
absorbance

0.50723 (420 nm) time Afcalc)
0.2631 0.50723 0 0.50723
2.8080 0.48962 60 0.48931

Bl SOLVER STATISTICS - STEP 2 OF 4 0.47325
Select range of calculated y's. 0.45879
0.44571

{Range must be a single row ar calurmn,) 0.43383
0.42300

0.41309

|tE52:5E822) 0.40400
0.39564

’TI Cancel 0.38793

U ouUaY ooU 0.38080

0.37381 720 0.37419

0.36777 730 0.36806

0.36227 840 0.36236

0.3568 900 0.35704

0.35213 950 0.35208

0.34729 1020 0.34745

0.34312 1080 0.34311

0.33925 1140 0.33904

0.33557 1200 0.33522

4. In Step 3 select the range of the parameters kobs and Af, respectively.

A | B | C | b | E | F
AO= 0.50723 absorbance ivn Aol Diff{A-
N SOLVER STATISTICS - STEP 30F 4 HIES | SIL
2— Af= 0.2631 Select cells containing least-squares coefficients D.00E
3 kobs= 2.8060 chtained by using the Solver, 9.471
4 epsilon= 1100 {Cells can be non-adjacent, in which case hold down 2 071
= the CTRL key while selecting, or enter a camma
5_ between selections.) 5.18l
B 1.371
7 |$a$2 0t 1.351
8 | 1.401
9_ ok | Cancel 3 .60l
10 — 040375 480 0.40400  6.32I
a1 0.39626 540 0.39564 3.84i

5. In Step 4 is self explanatory.
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AQ=

Af=
kobs=
epsilon=

absorbance

0.50723 (420 nm)
0.2631 0.50723
2.8080 0.48962

1100 0.4733

0.45877

SOLVER STATISTICS - STEP 4 OF 4 21 xl57E07

. Diff{ A-
time Afcalc) Acalc)A2
0 0.50723 0.00E+00
60 0.48931 9.47E-08
120 0.47325 2.07E-0S

180

Select a 3-row ¥ 2 column area
T for results.

0.45879 5.18E-10

BE-O7
OE-07
OE-08
2E-08

|$A$El $BE10

4E-07
3EO7

0K I Cancel 2E-08

8E-07

0.36777
0.36227

780
840

0.368086 8.56E-08
0.36236 7.87E-08

By clicking on OK, SolvStat prints in the selected area the numbers:

AQ=

Af=
kobs=
epsilon=

0.263133066
0.000925758
0.999968406

0.50723

0.2631
2.8060
1100

2.80603402
0.017169362
0.000299472

First row contains the parameters Af and kobs.
Second row contains the standard deviation of the respective parameters.
The third row contains R*2 and SE(y).
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absorbance time
{420 nm)
0.50723 0
0.48962 60
0.4733 120
0.45877 180
0.44808 240
0.43346 300
0.42337 360
0.4129 420
0.40375 430
0.39626 540
0.38828 600
0.38049 660

Afcalc)

0.50723
0.48931
0.47325
0.45879
0.44571
0.43383
0.42300
0.41309
0.40400
0.39564
0.38793
0.38080



After some editing the table looks like this:

A | B | C |
absorbance
AD= 0.50723 (420 nm)
Af= 0.2631 0.50723
kobs= 2.8060 0.48962
epsilon= 1100 0.4733
0.45877
0.44808
Af= kobs 0.43346
0.2631 2.8080 0.42337
Std. Dev= Std. Dev.= 0.4129
0.0009 0.0172 0.40375
RA2= SE(v)= 0.39626
0.99997 0.00030 0.38828
0.38049
n 37381

6. After running SolvStat for each kobs, the four calculated kobs and the associated
standard deviation are collected on a separate worksheet, Which you must
append to your written Report:

1 Microsoft Excel - Kinetics xds

@ Filz Edit %iew Insert Format Tools

DeEds® &RV &8 o-

DG - A
2 B C

1 Kobs Std.dev

2z 2.2329 0.0090

3 2.8060 0.0172

4 4.0901 0.0232

5 5.1851 0.0492

6 |

7
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