Appendix#3:

Nown-linear Curve fitting with Microsoft Excel
Solver.*

Calculation of kobs, kreal and Debye-
Hiickel plot.

I. Kinetics: calculation of Kgps and Kyear.

1. From File click on New.., then on General Workbook:
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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 must 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, | have chosen: KineticsA (for
the 0.02M NaNOs3), KineticsB (for the 0.05M NaNO3), KineticsC, (for the 0.1M
NaNOs) and KineticsD (for the 0.2M NaNOs).
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4. Add your experimental data to the four sheets. For example Kinetics_B sheet is
shown below. Type in column A, the time (in seconds), and in column B the
experimental absorbances (@420nm) corresponding to the respective time.
Add two more columns. One for calculated absorbances (from equation 3) and
one for the square of the difference, i.e., experimental absorbances (column
B)-calculated absorbances (column C).



time experimental | Calculated Diff* 2
(seconds) absorhances ahsurh:ances [(exp-calc)*2]

1 (420 nm) (equation 3)

2 0 0.50723

3 60 0.48962

4 120 0.4733

5 180 0.45877

B 240 0.44608

7 300 0.43346

g 360 0.42337

g 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 0.36777

16 840 0.36227

17 900 0.3568

18 960 0.35213

19 1020 0.34729

20 1080 0.34312

21 1140 0.33925

221 12 0,33557
|44 [» [# Kineticsd % KineticsB  KineticsC / KineticsD £ SheetS /
R ===

5. The second order integrated kinetic equation is given below (see the lecture hand-
out):

1
A=A @3)

A, -A
1- %exp(_cf kobst)

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. Before using Microsoft Excel Solver cells containing two sets of information
must be added to each kinetic sheet. Cells H2 and H3 contain the values of the
“fixed” variables AO and epsilon, respectively. The content of the cells H5 (Af
value) and H6 (kobs) changes. Initially, “guess” values are typed in for the
variables of Af and kobs. After the minimization process, Solver returns the
regression coefficients to cells H5 and H6, respectively. Solver does not provide
the standard deviations of the coefficients.



In order to be automatically plug into the kinetic equation (equation 3), the cells

containing the values of AQ, epsilon, Af, kobs must be given a name (this is an
Excel requirement). First, input the required values.

For AQ, type “=B2” in cell H2
For epsilon type in cell H3, your value 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.

report).

Type your guess value for kobs in cell H6. My guess is 5.

Type in cell H5 the best guess value for Af, that is 0.25 (Explain why in your
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fime experimental | Calculated Diff*2
d absorhances | absorbances A2
1 (seconds)) 1130 nm) | (equation 3) |l(E%P-calc)*2]
2 0 0.50723 Al= 0.50723
3 60 0.48962 epsilon= 1020
4 120 0.4733
5 180 045877 Af= 0.25
b 240 0.44608 kohs= 5_
7 300 0.43346

Next assign “Excel names” to A0, epsilon, Af and kobs. For example to name AO, first

click on cell H2. Then click on Insert, Name, Define:
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Excel grammar): KineticsB!$H$2, that is on KineticsB sheet in location H2. Click on
add button. Click on OK. Continue naming cells H3:H5. Next, name as t the vector
A2:A22. First highlight the column A2:A22, then click on Insert, Name, Define and
change the name in the workbook as t (check the Refers to address in order be sure the

correct set of cells are defined). The Define Name window will look like:
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8.  Solver optimizes the curve fitting in two steps:

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

¢ Inthe second step, the optimization step, the crude values of calculated
absorbances are refined to best fit the experimental values.

A. The “Crude Calculation” Step:
Type in cell C2 =Af/((1-((A0-Af)/AD)*EXP(-kobs*t*Af/epsilon))). Cell H2 is filled

with the calculated absorbance for t=0 seconds. According to equation 3 it should equal
AO0.
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C2 | = | =AF(1-((AD-ANADEXP(-kobs t*Aflepsilan)))
A B C D E | F | & | H |
time experimental | Calculated Diffa?
iseconds) absorhances ahsurh.an-::es [(exp-calg)A2]
1 {420 nm) eguation 3)
2 0 0.50723 0.50723 Al= 0.50723
3 60 0.48962 epsilon= 1020
4 120 0.4733
] 150 0.45877 Af= 0.25
a] 240 0.44608 kohs= 5
7 300 0.43346
A 36N N.A2337

To fill cells C3 through C22, click on cell C2. Bring the cursor to the right low
corner and press left mouse and drag all the way down to cell C22. Depress the left
mouse. All cells (C2:C22) should now be filled in with the calculated (“crude”)
Absorbances:



A, B C D
time experimental | Calculated Diff2
(seconds) absorbances ahsurhiances [{exp-cald)*2]

1 (420 nm) {eguation 3)

? ] 0.50723 0.50723

3 60 0.48962 047275

4 120 0.4733 0.44466

i 180 0.45877 0.42140

] 240 0.44608 0.40187

7 300 0.43346 0.38528

] 360 0.42337 0.37104

) 420 0.4129 0.35873

10 480 0.40375 0.34800

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 036777 0.31055

16 840 0.36227 0.30531

17 900 0.3568 0.30059

18 960 0.35213 0.29634

149 100 n 3479 [ KT
|4 |4 » M Kinsticss s KineticsB / KincticsC 4 kinsticsD £ Sheets /

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

9. Incell D2 type “=(B2-C2)"2.” Press Enter key.

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

11. In cell D23 sum (click on icon X) D2 through D22.
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7 | 300 0.43346 038528 © 2.3217E-09¢

360 0.42337 037104 | 27381E-03)

420 0.4129 035873 ! 29343E-03!
10| 480 0.40375 0.34800 | 3.10505-035
11| 540 0.39626 0.33859 § 3.3257E-03)
12| 600 0.36828 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 ¢ 3 2741E-03¢
16| 840 0.36227 030531 | 3.2447E-03)
17 | 900 0.3568 030059 ¢ 31592E-03!
18| 960 0.35213 029634 | 31123 E-IZISE
19| 1020 0.34729 029250 4+ 3.0021E-03
20| 1080 0.34312 028902 ¢ 29273E-03!
21| 1140 0.33925 0.28585 |  2.8512E-03
22| 1200 0.33557 0.28298 | 27BG1EA3
2| ES02 020

Then press the Enter key.

12. Click on cell D23, then click on Tools followed by Solver...
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The Solver Parameters window pops-up. Set target cell: $D$23.
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11 540 [ By Changing Cells:
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07 770 0 J - Options
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h
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Type into “By Changing Cells: $H$5 and $H$6.

10



{equation 3) lexp-calcy”Z]
050723 0.0000E-+H0 Al= 0.50723
047275 2 B4R3E-04 epsilon= 1020
0.44466 8. 2020E-04
0.42140 1.2965E-03 Af= 0.25
040137 1.9547E-03 kohs= 5
Solver Parameles T K |

Set Target Cell; 4023 % Solve I

Equal To: G Max O Mo WalusoR: D
By Changing Cells:

Close

il Al | e |
~Subject to the Constraints: Options |
= Acd
Change |
Reset Al
ll Delete |
Help |

A0 EN I Fnati=hell

On Solver Parameters click on Options. Change Max Time to 1200 seconds (Kinetics
run time). Click OK.

e m e mhemma e e

-J.D.rial le*|BIQ‘§§

—H s %, @M @
3 | =| =3UM(D2:022)
A B C D E | F | & | H |
ime |exporinental] Faiculated | iz
conds) Solver Optionsz EE
0 AD= 0.50723

—  Max Time: 1200| | seconds
60
120 Iterations: 100 Cancel |

180 | precision: [0.000001 Load Model, . | Af= 0.25
240

Tal |5 i 5 Model | kobs= 3
— Tolerance: “a ave Model,

300 =

360 Convergence: IIZI.IZIEIDl Help |

420

epsilon= 1020

| [ Assume Linear Model [ Use Automatic Scaling
480 | I assume Non-Megative [ Show Iteration Resulks
540 stimates erivatives earch
600 N i+ Tangent i+ Eorward O Mewkon
660 e Quadratic " Central " Conjugate
720 |
— e |

The Solver Parameters window returns back. Click first on the Min and then on the
Solve buttons:
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| Arial LSRR P AR U === T [ 2
D23 | =| =SUM(D2:D22)
A E C D E | F | G |
120 0.4733 044466 8. 2020E-04
180 0.45877 0.42140 1.3965E-03 A=
e EE
30
__S'E Sek Target Cell: I_ =k] Solve I
Bl 45 Equal To: FiMax % ' Walue of; |U Close |
= T By Changing Cells:
1
T | |$H$S:$HEE &
eyl T 2 guess |
il GO [Subject bo the Constraints: Dptians

0.29634 3.1123E-03

The Solver Results window pops-up. Note that the values in cells H4 and H5 are
updated. You know by now the value of kobs is now 2.60. (Note the initial value of
kobs, the “guess,” was 5.)

P 6 Bl e |

| L change_|

i 7t = Reset Al |
]__34 ;I Delete | "

| IR aelp
! o |
j| 960 | 035213 |

Qe - I....- - =|====|=|I-p ELTI | .uu+.u|=_-—=.-—|Ll_l
3 | =| =SUM(D2:D22)

A B C D E | F | 6 | H ]
20 0.4733 047325 2.0632E09

80 0.45877 0.45879 51845E-10 Af= 0.263131
40 0.44608 0.44571 1.3665E-07 kohs= 2.601935
111} 0.43346 0.43383 1.3043E07

ﬂ ulverH t S H |

20

— Solver has converged to the current solution, &l

E constrainks are satisfied, Reparts

ﬂ Answer &

oo Sensitivity

—_— - Limiks

60 | " pestore Qriginal Yalues ﬂ

20

ﬁ (o] I Cancel I Save SCenario. .. I Help |

40 | 0.36227

| 036236 7.5227E-09
1 [ e — --

You can next print 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: [Hinetics MG.xIs]HineticsB

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

Target Cell (Min)
Cell Name Original Yalue Final Value
$0823 DY [{exp-calc)?] A3191E-02 1. 7040E-06

Adjustable Cells

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

R
sl St Gl

Constraints
MOME

—
(m]

]

Repeat steps 4 through 12 for sheets KineticsA, KineticsC and KineticsD. It will be
necessary to change the Reference in the Define Name window to match each sheet.

I1. Debye-Huckel equation.

In the “Kinetics” hand-out, the Debye-Huickel equation is defined as:

1/2 |1/2

log k —Iogko+1.02*Zl*221|7=Ing0+1.02*3* 172 (6)
+

real —

1+
where Kieq IS given by equation (4):

1]
- kobsl‘(_ (4)

al

k

real

Use sheet#5 (named as Debye-Hiickel) to compute and draw the linear plot logkreal (y
axis) versus 1°°/(1°°+1) (x axis). When finished the Debye-Hiickel worksheet will look
like:
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A B C D E F G
NaNO3 "3"93 real Square root
17210417251 loakreal kob kreal (stock ﬁxg;"%:he of the ionic
#+12+1)|  logkrea O | {kobs*([H+}2)/Ka1) | solution | "> M| sirength
cone) diluted to 141,
1 half)
2 0.1091 2147 2.070 147.01 0.0204 0.0150 0.1225
3 0.1472 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 03240
B
HNO3
7 | [molarity)= 0.0096 ggg
Ascorhic acid, . Debye_Hucke|
. T 6.76E05 5 50 ///3
] = 245 5
10 |Slope= 2.78 $ 540 e
11 |Intercept= 1.87 % 2'35 /
12 kD= 73.90 e < P
13 |Rr2= 0.9809 230 4
14 225
15 520 1 y=27835x+ 18686
16 rd B2 = (19309
2.15
17
18 210 T T
0.15 020 025

19
44 » [#lf KineticsB / KineticsC # KineticsD 5D _H_demo ¢ Debye_Huckel

[«

1. Build a Table of 7 columns and 5 rows. The order and the content of the headings
are suggested above. Remember in Excel x-axis values are left of y-axis values
(for example, column A values are on the x-axis, column B values are displayed
on the y-axis).
Fill in kobs values by using the address from the respective worksheet. Click, for
example on cell C2 and type: “=KineticsA!$H$6”. Cell two is filled with the
value 2.07. Cell C3: “=KineticsB!$H$6”, cell C4: “=KineticsCI$H$6” and cell
C5: “=KineticsD!$H$6”.

E4 Microsoft Excel - Kinetics_MG _xls

D2RSRAY sB@F oo

&z f

AR O I = e

J@ File Edit Wiew Insett Format Tools Data wWindow Help

14

| vl -0 -lpr o E=E=EH 8%, %% &EE -3
5 | =| =KineticsDIFHIE
A B C D E F €]
NaNO3 NaN(EIB real Square root
kreal (stock aiahe of the ionic
1412/(1*1/2+1)| logkreal kohs (kobs*{[H+]2)/Ka1)| solution Hh.IOB,lhen strength
cong) diluted to (212
1 half)
2 2.070
3 2.602
4 3.793
5 4.808
G



3. Place the HNO3; molarity in cell B7 and the acidity constant for ascorbic acid
(Ka1=6.76*10") in cell BS.

Ed Microsoft Excel - Kinetics_MG . xls

DEH8RY BRI o-o-

@ = A2l E I3 -,

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

| Al w0 - B 7 US=E=E% %, @9
B15 d =|
A B € ] E F G
HaNO3 NaN(.B k) Square root
kreal (stock (adding the of the ionic
1"12101%1/2+1) | logleeal | kobs | o} ~iH.2)Kat)| solution | NHO3: then | o ngth
cong) diluted to (21,2
1 half)
2 2.070
3 2.602
4 3.793
5 4.808
B
HNO3
7 | (molarity)= 0.0096
Ascorhic acid,
g Kale 6.76E05
=

4. Type in the column D2 through D5 the calculated kreal (see equation 4). For
example in cell D2 type: “=(C2/$B$8)*0.5*$B$7” (the 0.5 appears because the
HNOjs in the UV cuvette is half the concentration of the HNO3 stock solution).
Because cells B7 and B8 are referred to by 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.

Ed Microsoft Excel - Kinetics MG _xls
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J File Edit Wiew Insert Format Tools Data Window Help

| B -w-BrulS==HEs%, 44 FF B
D5 [ =| =(C5/$B58)11 575657
A B C D E F G
NaNO3 NaN(_H L Square root
*1/2/0*172+1)| logkreal | kob L] (stock {:33'3"9“:"“ of the ionic
(#12+1))  loghrea 095 | (kobs*([H+]}2)Kat)| solution | 7% WEM | ghrangih
cong) diluted to [21/2
1 half
2 2.070 147.01
3 2.602 184.75
4 3.793 269.30
5 4.808 341.40
B
HNO3
7 | molarity= | 009
Ascorhic acid,
. Kl 6.76E.05
g
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5. Calculate logkreal in cell B2 as LOG10(D2). Drag the cell content as described
above down to B5:

Ed Microsoft Excel - Kinetics_MG_xls

D@RERY | iBRIS v |@& = & 45§ -F 0.

J File Edit Wiew Insert Format Tools Daka Window Help

| I -u-BsruE==E 8%, B9 EE@-2
53 | =| =L0G10{D5)
A B c D E F G
NaNO3 "a[:‘d(?B r;:lal Square root
11:2/0212+1)| logkreal | kob kreal stock | C on | of the ionic
Ll B L CE) °b | kobs*(H+}2iKat) | solution | FRO% WM | srength
concj 12172
1 half)
2 247 2.070 147.01
3 2.7 2.602 184.75
4 2.43 3.793 269.30
5 2.53 1.808 341.40
B
HNO3
7 | (molarity)= 0.0096
Ascorhic acid,
. e 6.76E.05
9

6. To calculate in column A 1°%/(1°°+1), the x-axis variable:

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

e Second, in column F2:F5 calculate the real NaNO3 + HNO3 molarities.
For example in cell F2, type “=(E2+$B$7)*0.5”. Multiplication with 0.5
IS because in the UV cuvette the stock solution is diluted by half as result
of the 3 mL+ 3mL mixing (see the experiment and handouts). For
monovalent anions and cations, molarities are numerically equal to lonic
Strength.
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| File Edit Yew Insert Format Tools Data ‘Window Help

| sia -n -z u|EE=EH 8%, 48 EEH
32 | =|
A, B © D E F G
NaNO3 NaN(.)S ikl Square root
kreal {stock e of the ionic
12/1*1/2+1) | logkreal | kobs |, o u1He}2)Ka1) | solution | HNO3 then | o ath
cone) diluted to (21,2
1 half)
2 217 2.070 147.01 0.0204 0.0150
3 2.27 2.602 184.75 0.0500 0.0298
4 243 3.793 269.30 0.1002 0.0549
5 2453 4.808 341.40 0.2003 0.1050
5]
HNO3
7 | {molarity)= 0.0056
Ascorbic acid,
5 Kal- 6.76E05
g

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 1°/(1°°+1). For example, in cell A2 type
“=G2/(G2+1)” and press Enter. Click on the cell. Drag the lower right
corner all the way down to AS.

EA Microsoft Excel - Kinetics MG _xls
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J File Edit Yiew Insert Format Tools Chart Window Help

| B (w s r T E==Esn . @ alEEE
Chart Area =] =|
A B C D E F G
NaNO3 NaN(.B L Syuare root
IM2/0212+1)| logkreal | kob kreal tock | L e | °f the fonic
etz UL G O95  (kobs*([H+}2)/Ka1) | solution | "o "M | strength
cong) diluted to (21,2

1 half)

2 0.1091 217 2.070 147.01 0.0204 0.0150 0.1225

3 0.1472 2.27 2.602 164.73 0.0500 0.0298 0.1726

4 0.1898 243 3.793 269.30 0.1002 0.0549 0.2343

5 0.2447 2.53 4.808 341.40 0.2003 0.1050 03240

B

HHNO3
7 | (molarity= 0.0096
Ascorbic acid,

g Kal= 6.76E05
5
| 10 | Slope= 2.78
| 11 |Intercept= 1.87
12 kD= 73.90
[ 13 Ra2= 0.9809

7. The last step consists of the Debye-Hiickel plot.
e Highlight columns A2:B5. Click on Insert, then Chart...:
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J Filz Edit Wiew | Insert Format Tools Data Window Help

J.C\rial Rows B_ I u ‘% ==
AT .l Columns
: A Workshest D
i
F= Eunction. .. kreal
I12/00172+ 1 , lobs*([H+]2)/Ka1) | s
;_ 0.1091 Flcture S EETTET
EW%Hyperliﬁk... ChFlHE 184.75
4 0.1898 2 | 269.30
5 02447 | 253 | 4.808 | 341.40
5
HNO3
7 | {molarity}= 0.0096
Ascorbic acid,
g v 6.76E.05
3
10

e Inthe 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

| rial ol ru=s==88%, W8 EE B
A2 = | =| =G2/(1+G2)
A B Chart Wizard - Step 1 of 4 - Chart Type n E
Standard Tvpes | Custom Types |
1412/~ 1/2+1) | logkreal k chrt type: et e

’ [ Cotunn =

2 [ 0.1091 2 2 [E

3] 01472 277 | 7. [

2| 0189 243 | 3. @

g 0.2447 2.53 4. ‘ Areah

@ Doughnut
HNC!3 0.0096 ey Radar

i (mula.rlt_v]=. @ Surface b

g |eComic acit) 6 76E o5 2 Bubble

5 a g Stock =
% Scatter. Compares pairs of values,
12
13
ﬂ Press and Hold ko Wiew Sample |

17

e Click next to steps 2 and 3. In step 3 fill in the chart title, value (X) axis and
value () axis respectively.
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IEiIe Edit Yiew Insert Format Tools Data window Help

[ aris -0 -|prulE == 8%, B8 ==H-0-A
| =] =G2/(1+G2)
A B C D E F G H |
NaNO3 real
_ NaNO3 | (adding the |S942r M0t
1%1/2/{1*1/2+1} | logkreal Chart Wizard - Step 3 of 4 - Chart Options

1 Titles | Axes | Gridlines | Legend | Data Labels |

2 0.1091 2A7 i Chart title:

3 01472 227 i IDebye.Huckd Debye-Huckel

4 0.1898 243 3 o 260

5 | 0217 253 | . ‘el a5

- [rosia~os+1) 250 2

HNO3 0.0096 talue (1) axis: i v
7 | (molariy= | flogie=ai 3
Ascorhic acid, 6.76E05 Second category (X) axis: 2222; *

g Kal= e +

=] 20
0 second value () axis: 00000 01000 02000 0.3000
T I 1“0.50{10.5+1)
12|

13
W @I Cancel < Back | Mext = I Finish
E

e Click Next and then Finish.
e With some editing, the chart appears as:
A B = D

E F G k

2 0.1091 2.7 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 243 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

53

HNO3
7 | (molarity= | “0% 2.60
Ascorbic acid, 250 Debye-Huckel +
6.76E05 - g

8 Kal= 5 R

a 5 240
10| b5
il 2 230 .
% 220 1
W 210 T T
15| 0.10 0.15 0.20 0.25
6 P05/ 5+1)
A7

e The least square straight line is added on the graph, by clicking on Chart, then
Add trendline..
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@ Eile Edit View Insert Format Tools | Chart window Help

J.C\rial - 12 Chart Type... E = | E %, 0| E {E‘ | -
falue () axis ﬂ =| Source Data. ..
A B 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 2.3 4.80f_ Add Trendine. . 0.2003 0.1050 0.3240
3 -0 MiEw. .,
HHO3
7 | (molarig= | %0%% 2.60 Debve.Huckel s
i i ebye-nRLuUCKe
Ascorbic acid,| . oo o _ 250 Ll
3 Kal= o .
] £ 240
0] g 230
] N ’
2 2.20 .
3
1 210 = T 3
5| 010 015 0.20 0.25
B [*0.201"0.5+1)
7
Under Type: Trend/Regression type, choose Linear.
| File Edit Miew Insert Format Tools Chart ‘Window Help
J s mru == == s
Plot Area j =|
A B C D E F
2 0.1091 217 2.070 147.01 0.0204 0.0150 [
3 0. . 98 [
. Add Trendline E %_
4] 0 49 [
] 0. i Type 3| options | D50 (
i—H ~Trend/R.egression type
7 | (mal e e, . Order:
Ascor f‘\./ |2 = el
i K Linear Lagarithrmic Palyriomial +
=)
10 L ” .~ | Petiod:
E Power Exponential Mowing average
13
14 | Based on series: fr—pr—,"
5| - 0.20
1B (0 5+1)
17 = —
18]
19
n

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

squared value on the chart:
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] T e P B N R T T ) = T
Plat Area j = |
A B & D E F G
2 0.1091 247 2.070 147.01 0.0204 0.0150 0.1225
3 0. - a8 0.1726
s ) Add Trendline EE
4 0. Edg 0.2343
5] 0. Tye Options | ps0 0.3240
i— ~Trendline name
H | Automatic:  Linear (Seriesi)
7 | _(mol
Ascor | - Custom: | el

i _H Forecast %
19—0 Forward: IU E‘ Units
I Backward: ID 3‘ Units

12
E [™ Setintercept = IU
l W Display equation on chart '
=l I iDispiay R-squared vajue on chart | 0.20 0.25
1B | ("0.5+1)
7]
18]
19

2N

The least square straight line below 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?).
=|
B C E F G H
217 | 2.070 147.01 0.0204 0.0150 0.1225
237 | 2.602 184.75 0.0500 0.0298 0.1726
243 | 3.793 269.30 0.1002 0.0549 0.2343
253 | 4.808 341.40 0.2003 0.1050 0.3240
0.0096 760
6.76E05 255 Debye-Huckel /’3
: 250 —
i - 7
£ 240
@ 235 //
- 230 /
225
550 17 w=27835«+ 18686
715 B2 = 09809
210 . T
0.10 0.15 0.20 0.25
"D 5410 5+1)

To compute the slope (1.02*Z,*Z,) and intercept ( ko the rate constant at 1=0),

and R2, first add these cells (A10:A13; B10:B13) to the Debye-Huckel

worksheet.

Type” =SLOPE(B2:B5,A2:A5)” in cell B10, next to Slope=.
Type “= INTERCEPT(B2:B5,A2:A5)” in cell B11, next to Intercept=
Type “=10"B11” in cell B12, next to k0=

21




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

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

J arial <o -|B r U | ==
FontI
F25 ===
A B C D E F G
2] 0109 217 2.070 147.01 0.0204 0.0150 0.1225
3] 0147 2.37 2.602 184.75 0.0500 0.0298 0.1726
4 0.18% 243 3.793 269.30 0.1002 0.0549 0.2343
5 02447 253 4.808 341.40 0.2003 0.1050 0.3240
B
HNO3
7 | (molarity= | %0%% 2.60
Ascorbic acid, 6.76ED5 2.55 Debye_Huckel /
8 Kal= 250 /
EN = 245 5
| 10 |Slope= 2.78 $ 2u0 e
| 11 |Intercept= 1.87 = 2'35 /
12 |kn= 73.90 8 = e
| 13 |Ra2- 0.9809 230 P
14 225
15 S50 L7 v=27835+ 18686
| 16| 215 R2=(9200
17 :
W 210 T T
19 | 010 015 0.20 025
o0 0. 54(10. 5+ 1)

9. Finally print copies of all 5 sheets for inclusion with your report.

22




