WARNING NOTICEThe experiments described in these materials are potentially hazardous and require a high level of
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responsibility, liability, and risk for the implementation of such safety procedures and measures. MIT shall have no
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Non -linear Curve fitting with
Microsoft Excel Solver.

Calculation of kobs, kreal and Debye-Huckel plot.

Written by M. D. Gheorghiu

|. Kinetics; calculation of kobs and kreal.

1. From Fileclick on New.., then on General Workbook:
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2. From File, Save as... the workbook. My preference for file nameis
Kinetics MG (MG are my initials) and it is saved in the Per sonal folder.
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3. Fivesheetsarenecessary in your workbook. Four arefor Kineticsdata. The
fifthisfor Debye Huckel calculation. You haveto append these five sheetsto
your written or Oral report.

If there are not enough Sheets, click Insert and then Wor ksheet.

E4 Microzoft Excel - Kinetice_MG_xls

DERgly|(smRT o o

J File Edit Yiew | Insert Format Tools Data ‘Window Help
J.ﬁ.rial Rows B 7 U |§

174 —LI Columns
a | Wy orksheet

ﬂ Chatt, ..

Fe Function. ..
Marne k
Pickure 3

% Hyperlink, .. Cerl+k

¥ |

;L'ZID:I“*-JD‘.ILT“I-E-U_'II\_'I—*

Name four sheets, each for akinetic run. For example, | have chosen: KineticsA (for
the 0.02M NaNOg), KineticsB (for the 0.05M NaNOg), KineticsC, (for the 0.1M
NaNOs3) and KineticsD (for the 0.2M NaNOs).
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4. Now istimeto add your experimental datato the four sheets. Take for example,
Kinetics B sheet. Typein column A, the time (in seconds), and in column B the
experimental absor bances (@420nm) corresponding to the respective time.

Add on the Table two more columns. One for calculated absor bances (from
equation 3) and a second column for the squar e of the difference experimental
absor bances (column B)-calculated absor bances (column C).

fime experimental | Calculated Diffs2
(seconds) absorbances ahsnrh.an[:es [lexp-calg) 2]

1 {420 nm) {equation 3)

2 0 0.50723

3 60 0.48962

4 120 0.4733

) 180 0.45877

5 240 0.44608

7 300 0.43346

&) 360 0.42337

9 420 0.4129

10 480 0.40375

1 540 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

18 960 0.35213

19| 1020 0.34729

20| 1080 0.34312

21 1140 0.33925

220 12 33557
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5. Just as areminder, the second order integrated kinetic equation, asit 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, €

l_ AO Af exp(_cfkobst)
A0

Integrated second order kinetic equation in terms of
absorbancethat is curve-fitted to the experimental data.
Ag= initial absorbance

A = absorbance at timet

A¢ = absor bance when all H,Asc has reacted.

6. Weare now just astep before using Microsoft Excel Solver. On each kinetic
sheet one must add cells containing two sets of information. In cellsH2 and H3
are typed the values of the “fixed” variables AO and epsilon, respectively. The
content of the cells H5 (Af value) and H6 (kobs) is changing. Intially, “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 H5 and
H6, respectively. Solver isnot providing the standard deviations of the
coefficients.

7. Inorder to be automatically plug into the kinetic equation, the cells containing the
values of AO, epsilon, Af, kobs must be given a name (thisis an Excel
requirement).

e For AO, type=B2incell H2

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

e Typein cell H5 the best guess value for Af, that is 0.25 (Why?).
e Typetheyour guessvauefor kobsin cell H6. My guessisb.

J File Edit Wiew Insert Format Tools Data window Help

| aria -0 - B U|EE=EE$ %, @4 ==/ @3-
HE | =| 5
A, B @ D E F & | H |
fime experimental | Calculated Diff~2
d ahsorbances | absorhances A2
(seconds)) 130 nm) | (equation 3) | [E¥P-CAI0"2]
1
2 0 0.50723 Al= 0.50723
3 60 0.48962 epsilon= 1020
4 120 0.4733
5 180 0.45877 Af= 0.25
6 240 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 aname. For example to name AO, first click on cell H2. Than click on Insert,
Name, Define:
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The following window pops-up:
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Please notice and check the correct location of the value of AQ, inthiscaseis (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
ast the vector A2:A22. First highlight the column A2:A22, then click on I nsert, Name,
Define and change the names in workbook ast (check Refersto addressin order be
correct). The Define Name window will look like:



@ File Edit “iew Insert Format Tools Data Window Help

| sl -w -z ul=S=E=E%%, $8]==@-
t j =| 0
A B C D E | F | 5 | H
fime experimental | Calculated Diff~7
(seconds) ahsorbances | absorbances [iexp-calg)*2]
1 {420 nm) {equation 3}
2 0 0.50723 Al= 0.50723
3 60 0.48962 epsilon= 1020
e SHiDefineName ——_ HE
5 | 180 0,41 ML 1] 0.25
G 240 0_4: Mames in workbook: 5
7| 300 0.4; | S ok |
] 360 0.4 a0 -
g 420 04 .ﬁ.Fl _I Close |
0] 480 0.41 [FPston i
nj- s | 03 _ e |
12] 600 0.31 Delete
13 660 0.3 _—l
14 720 0.3
15] 780 0.3 [~
16 840 0.3 Refers to:
17] 900 0.3 [_yineticsB13a52:$ap2z ]
18 960 0.3
191 1020 034729 | | |

8. Solver optimizesthe curvefitting in two steps:

e Inthefirst step, “crude’ values of absorbances are calculated.
e Inthe second step, the optimization step, the crude values of calculated
absorbances are refined to best fit to experimental values.

A. The“Crude” Step:
Typein cell C2 =Af/((1-((AO-Af)/AD)* EXP(-kobs*t* Af/epsilon))). Cell H2 isfilled

with the calculated absorbance for t=0 seconds. According to equation 3 it is equal with
AO.



£4 Microzoft Excel - Kinetics_ MG xls

DeEERY | {BRY v-o- @ = & 8§l H w00 - F
J File Edit Wiew Insert Format Tools Data window  Help
JTimesNewRuman - 12 -—”Ff Q‘EEE‘EB%, oA +;§+;§|EE|-
c2 j =| =AF(1-((AD-ANADTEXP-kobs™ ™ Affepsilon)))
A, B C D E | F |
time experimental | Calculated Diff?
absorbances | ahsorhances "
1 (seconds) (420 nm) equation 3) [(exp-calc)*2]
2 0 0.50723 0.50723 Al=
3 60 0.48962 epsilon=
4 120 0.4733
5 180 0.45877 Af=
B 240 0.44608 kohs=
7 300 0.43346
= 3RN N.42337

In order tofill in cells C3 through C22, click on cell C2. Bringthe cursor tothe
right low corner and pressleft mouse. Drag all theway down to cell C22. Depress
theleft mouse. All cells (C2:C22) arenow filled in with the calculated (* crude”)

Absorbances:
A B C ]
time experimental | Calculated Diff*?
(seconds) absorbances ahsurh:’:m[:es [(exp-calgAZ]

1 (420 nm) {equation 3)

z 0 0.50723 0.50723

3 60 0.48962 047275

4 120 0.4733 0.44466

5 180 0.45877 0.42140

b 240 0.44608 040187

7 300 0.43346 038528

8 360 0.42337 037104

9 420 0.4129 035873

10 480 0.40375 0.34300

11 540 0.39626 0.33859

12 600 0.38828 0.33029

13 660 0.38049 0.32294

14 720 0.37381 0.31640

15 780 0.36777 031055

16 840 0.36227 0.30531

17 900 0.3568 0.30059

18 960 0.35213 0.29634

10 100 n 347720 i 19750
l4 4| p [p] Kineticsa ' KineticsB  KineticsC £ KineticsD 4 Sheets /




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

9. Typeincel D2=(B2-C2)"2. PressEnter key.

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

11.In ceII D23 sum (C|ICk onicon Z) D2 through D22.

| & WE|%E&J|&EE§|*‘%“* @ =|A 22

J File Edit “jew Insert Format Tools Data Window Help Aubas0m

J.ﬁ.rial SENsE LU =E=E=E|
SUM =| % o =| =SUM({D2:022)

A B C I D [ E |
7 | 300 0.43346 038528 | 2.3217E0%
g | 360 0.42337 037104 | 27381E-03
9 | 420 0.4129 035873 ¢ 20343E-03
10| 480 0.40375 0.34800 | 3.1DBDE-D3E
11| 540 0.39626 0.33859 ¢ 3.3257E-03)
12| 600 0.38828 033029 1§ 3.3624E-03¢
13| 660 0.38049 032294 |  3.3119E-03)
14 720 0.37381 031640 ¢ 3.2963E-03
15| 780 0.36777 031055 ¢ 3 2741E-03
16 840 0.36227 030531 |  3.2447E-03
17| 900 0.3568 030059 ¢  3.1592E-03
18| 960 0.35213 029634 1 31123 E-EISE
19| 1020 0.34729 0.29250 1  3.0021E-03
20| 1080 0.34312 028902 ¢ 289273E-03¢
21| 1140 0.33925 028585 | 2.8512E-03)
22| 1200 0.33557 0.28298 | 2.76B1E-D3f

Than press Enter key.

12. Click on cdll D23. Click Tools and than Solver ...



£ Microzoft Excel - Kinetics_MG _xls

DEEHESRY 4 B2RT v &= A&
J@ File Edit Yiew Insert Format | Tools Data Window Help
| aria Vopdng.. 7 E == @
D3 j =| =5l Share Workbook, ..
A B Prateckian L E |

7 300 0.43346 E-03

a 360 0.42337 E-03

g 420 0.4129 Add-Ins. .. E-03

10 480 0.403745 Customize. .. E-03

11 hH40 0.39626 Options. .. E-03

12 600 0.33828 ¥ E-03

13 660 0.38049 0.32294 3.3119E-03

14 20 0.37381 0.31540 3.2963E-03

15 780 0.36777 0.31055 32THME03

1R 840 0.36227 0.30531 3 PA4T7F-NR

The Solver Parameter s window pops-up. Thetarget cell is D23.
| v w| B F I |
L3 = m| =SUM02 022)
A B C D E F G

7| 04336 | o03ss2s | 237E03
8 :|Eﬂ [ Solver Farametcrs
9 4 | 0 stegecer  [TUERNNN
0| 480 | [ BoudTo: FHxe Cp O vshwol fo Chosn |
11 540 [ riir Changing Calli:
12| 6@ | O] 2 e |
13 660 | T | gbect ko the Constraints: —
14 [ = a | [
15 " | €
6| B0 |« e | —
7| ool | <] el |
I _ o |
18 1070 [ S e
M 108D 0.2 | 028902 2927IED3

Typeinto By Changing the cells: H5 and H6 (that is $H$5 and $H$6).
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ieguation 3) lexp-Lalc s
050713 0.0000E+00 Al 050723
L A 2 BARSED4 apsilon= 1020
044466 g ALAE04
042140 1.365E403 fif= 0.25
040187 1 B547E03 knks= 5

Sodves Pasamslors

Sat Target Cell: e
Egual To! pax Mo T Yalueof |l:l
e ancing cua _ ks |
[ $H45 §HE] | s |
~Sybject bo the Constraints: Qptkrs |
= ad |
- | - |
o e |
N antem 1 =2 mrie el

On Solver Parametersclick on Options. Change Max Time to 1200 seconds (kinetics
runtime). Click OK.

S

| Feia -0 -8B Frul==—H $%, B8 +=+F B-
B = = =SUMD2.022) - -
A B C 0 E | F G | H
experimental | Calculated |
lime a[ﬂﬂrhnnﬂu ek annoo Dif» 2
coni)
B | Al 0.50723
B
ﬁ‘“__ apsilon= nzn
120 Iberabions: 100 Cancal |
180 | precion: [p.0oco01 Losd Moddel,., M- 0.25
22 - I—5 - — knhs= 5
360 | Comegence:  [o.0001 e |
20 | [ Assume Linear Model [ LUse Automatic Scaling
480 | nssune Mon-Megative [ Srow Theration Resuks
S40 | | Estimates  Deriesteves Geanch
] = Tangerk = Eorward = Hewiton
L&l o yadrstic " Cerkrsl ™ Corugebs
720 :
— S Y — ———— |

The Solver Par ameter s window comes back. Click first on Min and than on Solve
button:
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| duia =10 =|R F O B ® %,

(WFE] =] B =SUMO2 D22
A g T D E F | &6 |
120 0.4733 (), 44466 8. 200E-04
180 045877 0.42140 1.3365E-03 g
& Sobver Parameters —_ EH

o sewgece: (NS o]

e cue ol Cunon T oy
'—;: [ rige |

T gr - Subject tothe Constrants: Gtiors_ |
B =

_esstal |

b |

[ 035213 | 0.29634 | 31|:3E-IJ:1|
cma= 1 R ——— 1 e ——

The Solver Results window pops-up. Note that the valuesin cells H4 and H5 are
updated. Y ou know by now the value of kobs as 2.60. Note that the initial value the
“guess’} has been taken as 5.

] : _— == - il e ew @ g m | kdd
] = = =sUMD2022)

A =} I C 1] | E F = H

Al 0ATIE] 047325 2 0E32E-08

il LASETTF 045879 5.1245E-10 HBif= 0263131
40 044608 044571 1. IE6BE-I7 ko= 2601935
] 0.A3E 043383 1. 3543E-07

ol < v s Fesults N

m

——  Eolbver has convenged bo the ourrent solution. Al

B cortraints ane setisisd, Raparts

M0 Yoep Soher Sk S .

— Limits

6l Restore Grigna Vauss =

|

m L ]| _ el | sevescensie. | o |

40 0.36227 0.36236 7 H227 B8

n A e LT T CETEEY

Y ou can print some reports: answer, sensitivity and limits. For Example the Answer
Report looks like:
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Al B | C | D | E | F |
Microsoft Excel 9.0 Answer Report

Worksheet: [Kinetics MG.xIs]KineticsB

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

Target Cell (Min)
Cell Name Original Yalue Final Value
$0823 DY [{exp-calc)?] 5 3191E-02  1.7040E-06

Adjustable Cells

Cell Name Original Yalue Final Value
FHES  Af 0.25 0.263131155
$HEE  kobs 5 2601934917

Constraints
MOME

R ————
Elilcaial =l Gl 1 S

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

II. Debye-Huckel equation.

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

1/2 1/2
| I

logk,., =logk,+1.02*Z, *Z, =logk, +1.02* 3*

(6)

l+|1/2 1+|1/2

where ke IS given by equation (4):

]

obs
K al

kreal :k (4)

Use the sheet#5 (renamed as Debye-Hlickel) to compute and draw the linear plot
logkreal (y axis) versus 1°/(1%°+1) (x axis). When fished the contend of the Debye-
Huckel worksheet will ook like:

13



A 3] C 8] E F | £ o
HaMO3 ?::;:l::ll:‘? Square root
. . kreal istock of the lonic
21241 logkreal koks fkobs{[He 2 Kat)| solution HHO3, then strength
cond) diluted to Y
1 half
2 01041 AT 2110 145.01 0. [#14 50 0155
3 01472 2.2 2602 184,75 (.50 [INIRE 01726
4 0. 1698 .41 A.793 269,30 0. 100z 0.0549 02347
5 02447 251 4008 J41.40 02003 10, 1050 03240
B
HHOZ
7 (molaritg= . 2.60 1
 Ascorbic acid[ g e g 255 T Debye-Huckel al
al 250 7
[ 9 - 245 -
10 Slopes= 2.70 3 240 e
11 Intercept= 1.67 = ?'35 o
12 b= 73,590 a = ,/"'
13 o 2= 0.9809 2.30 &
14 22
15 o0 | w= 27835+ 1 BBRE
16 515 L R=09809
(17| 5
13 | - .1':' I 1
0 0.20 025

19 0 1
[ 40 M Einsticss [ ineticsC [ KireticsD 5 D_H_dema | Debys_Hudsl J [4]

1. BuildaTableof 7 columnsand 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!$H$6. Cell two isfilled with the
value 2.07 for kobs. Cell C3 hasto befilled with KineticsB!$H$6, cell C4 with
KineticsC!$H$6 and cell C5 with KineticsD!$H$6.

EI Hiciizil Exsil - Eimilnes Wi gli

DE RAY § BT v

|E] Fle gt Wew et Format Tods [ata Window Help

Az AN DA - FO).

| arid 0 .| Bp I EEBEE S X, WS EE LD
Ch =| -| =Kinetics0I§HE ~ N ~
| A H C 5] = F G
NaMO3 ’:;‘:J?:g":: Syuare rool
kraal stock of the nnic
B2 12 1) logkreal kobs jkabs*[H+}2)/Kat)| solution H[:.I:l;:a:ﬁ“ siraugth
i COnc) half i
2 2070
3 752
4 3.9
a 4
51

14



3. Add on the worksheet information regarding the HNO3s; molarity (cell B7). Type
the acidity constant for ascorbic acid (Kal=6.76* 10°°) into cell B8.

E Meciasoll Eacel - Emilsiz MG, als

DS SR R« v @ LN B0 -FE.
|E] Bl Edt iew [resrt Farmal Took Dabs Window Help

| e - B FYU EERE %X, B0 ®iE _ -
B15 =| =
A ] c | 3] E F L5
HaMO3 ?::ﬁ:ﬂﬁ:l Sejuare root
PUZAIZAN | loghreal | kobs | :."I]I'Ihﬂ?-'li]."l'iuﬂ :r:lli::n HNO, then "::‘:ﬂ;:"
1 cond] -lllhutml to B2
alf)
2 20
5| 24602
4 1793
B 4. i
B
HHO3
! [molarity)= st
Ascorbic acid,
A Kal= 6, T6E 05
G

4. Fill inthe column D2 through D5 with calculate kreal (see equation 4). For
examplein cell D2: =(C2/$B$8)* 0.5* $B%$7 (0.5 appears because the HNO;3 in the
UV cuvette isthe half diluted HNO; stock solution). Because cellsB7 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. Cellsare
filled automatically.

E Micioeodl Eecel - KEmobics MG gls

DEFEd &by ol - ELAHNII S -RE.
|=]Fe ER Yen feet Fomat Toos Data Window Help

| hra -0 -p g EFERESX, WS ®E @D
05 | -;=:Ci-‘SEEE:'D ST3E47 H _ _
A B ¥ 1] E F G |
HaMO3 r:;:ﬁ:g';;' Square rool
H kraal fetock of the lenlc
A1 2«1)|  logkreal kohs {kabs"H+}2)Kat)| solution HHOA, then strength
conc) diluwted to 12
1 halfy
F | £ 14.7.01
3 2,607 10475
4 3.3 269.30
Bl A0 341,40
B
HHO
7 (malaritg= s
Ascorbic acid,
5 Kate 6. FGE 05
B
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5. Cdculate logkrea incell D2 as LOG10(D2). Drag the cell content as described
above all the way down to B5:

Ed Msciomoll Excal - Kinslec:_ MG _xlz

D@ SRY LB v~ R E LIl BHo -BE,
|] Bl Edt Wew Inssrt Formst Tocls [sts Window Help

el 0 pr U EEREA S X, B2 ®EE @-E
Z5 | = =L OE10(05)
A B c | 1] | E 3 ]
HaMD3 T::ﬂ?:u:;: Syuare root
R kreal [stock of the lonlc
P12/ 1/2+1)|  logkreal kobs {kobs™H«Zpkal) | salufion HI'!L'G- then sirengih
cong) dilutEd 1o |17
1 | hali]
2 2147 FALE 147.01
5| 22T A 6l TH4. M
4 243 rma | 269,30
5 | [ #53 | 4.B04 341.40
B
HHOO
I (molarity=- 00096
Ascarbic acid,
q K= 6.76C05
8

6. Theremaining calculation refersto 1%°/(1%°+1) the x-axis variable calculation in
column A.

e First fill in NaNOg3 stock solution molarities. In my experiments | used
the values printed in columns E2:E5.

e Second, in column F2:F5 calculated the real NaNO3 + HNO3 molarities.
For examplein cell F2, calculate =(E2+$B$7)*0.5. Multiplication with
0.5isbecausein 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 lonic Strength.
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=Y e gk flew Jrsert Fgmat Jods Data indow el

| Al -0 -p Iy EERESx, 48 ®E @
52 - = -
A =] L 5] E | F G
HaND3 ?:;?:g:::l Sguare root
RRE] kreal st ck ol the ionic
2121 | logkreal | kobs fkobs*{[H+) 2 Ka1) | solution H::,Illtlljl:ih:“ swength
conc) y =1
1 half)
2 247 21070 47.m 00204 00150
3 237 2607 184.75 [0.0s0n 0025%A
4 243 ENE] 269,30 0. 1002 0544
5 2.53 A.a08 341.40 02003 0.1050
5}
HHOF 0%
7 | imolarityd= :
Amcorhic acid,
a Kad= te. MBE K
3]

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.

 Fourth, in cells A2:A5 calculate | °%/(1%°+1). For example, type
=G2/(G2+1) in cell A2. Click onthe cell. Drag the lower right corner all
the way down to A5.

B Micruaedi Fxcel - Eineicer MG ala

Ded 8RY ¢l |o-c- @7 450 e -F Q-

[] Fe Bt W [rwert Formet Took Chert Window Help

| Al -||:.-'_;n———alﬂ::_,:_'n_..;_:ll-;l-_- |-
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7. Thelast step consists of the Debye-Hickel plot.
» Highlight columns A2:B5. Click onInsert than Chart...:
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e IntheChart Wizard window Step 1, choose Chart type: XY (Scatter); and the
highlighted Chart sub-type.
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e Click next to steps 2 and 3. Fill in the chart title, value (X) axisand value (Y)
axis respectively.
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e Click Next and than Finish.
e After afew editing, the graph looks:
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5 240
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010 015 0.20 025

PS5+ 1)

e Theleast square straight line is added on the graph, by clicking on Chart, than
Add trendline..

19



e Click on Options. Check display equation on the chart and Display R-
squared value on the chart:
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e Theleast square straight line has the equation: y = 2.7835x + 1.8686 and
R?=0.9809 (satisfactory, however | am confident that 5.310 students will get a
better R?).
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8. Inorder 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-Hlckel worksheet.

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

e Type=INTERCEPT(B2:B5,A2:A5) into cell next (B11) to I nter cept=
e Type=10"B1l into cell next (B12) to k0=

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