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This SOP uses the following:

¢ Equipment: Desired spectrometer.

¢ Instruments: Volumetric flask, pipettes, and sample container.

e Programs: Microsoft Excel.

¢ Reagents: Analyte and solvent of interest.
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l. PLANNING INITIAL CONCENTRATION RANGE SCREENING
1. Research the LOD of the analyte of interest for the phenomenon and technique desired.

E.g., LOD for analyte “X” is 0.400 M.

2. Determine the upper limit (UL) by multiplying the LOD by 5.
E.g., UL=LOD-5 - UL=0400M-5 - UL=200M

3. Determine the increments by subtracting the UL from the lower limit (LL) and dividing by
4.

UL —-LL (2.00 — 0.400) M
2 — Increments = 7 —  Increments = 0.400 M

1.20 |O. 800 0400
M

Increments =

4. (OPTIONAL) IF LOD of the analyte of interest is not found, use the range from 50% to
10% at 10% increments.

30% | 20% | 10%

5. Determine the volume of the available flasks and the amount per volume.

LN

250mL 125mL 50mL 25mL 10mL
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6. Determine the final volume of your solution (V2), i.e., the flask that will be used for the
solution.

{ V,=250mL

7. Find the initial concentration (C1) of the analyte of interest.

B

C,=99.8 %v/v

t

(_ Acetone, >= 99.8%

8. Determine the desired concentration of your solution (C2).

C,=2.00 M

9. Determine the volume needed for analyte with concentration C1 to reach the desired
concentration (V1) with a final volume of V2.
CZ * VZ
vV, =
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10. (OPTIONAL IF AN INTEGER V1 VALUE IS NEEDED) Determine the final

concentration C2 for the analyte with an initial concentration C1 after adding a specific
initial volume V1, close to the value obtained from step 6, and completing to a final

volume of V2.

_G-n
2= V2

11. Repeat steps 3-7 for the other solutions.

IF an integer value of V1 cannot be obtained for a solution with the initial C1 concentration of
the analyte of interest, use the final concentration C2 of a solution as the initial concentration C1

to determine the volume.

Solution used to create other solutions might be consumed, create more, or change V2 to a

bigger value.
E.g.
Solution [C1 [%v/v]|C2 [%v/v]| V2 [mL] | V1 [mL]
blank 0% 0% 10.00 10.00

1 99.00% | 31.680% 25.00 8.00
2 31.68% | 25.344% 10.00 8.00
3 31.68% | 22.176% 10.00 7.00
4 99.00% | 19.800% 50.00 10.00
5 19.80% | 15.840% 25.00 20.00
6 15.84% | 12.672% 10.00 8.00
7 99.00% | 9.900% 10.00 1.00

12. Prepare solutions by adding the initial volume of analyte (V1) of C1 concentration into
the volumetric flask with the final volume (V2) to obtain the final concentration C2.

>

solvent

Ve

analyte

V1z 7
r
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Il. SCREENING LOD CONCENTRATION RANGE FOR ANALYTE
1. Acquire spectra for each concentration and blank.

10 measurements per sample. Average the measurements.

= —_—TTT T e—]
10%
10% 20%
30%
40%
20% 50%
30%
40%
50%

2. Determine the peak with intensity proportional to the analyte concentration.

f~ ~

10%

20%

30%
40%

50%

3. Limit spectral data to the frequencies of the chosen spectral band.
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frequency [ o5

962

966

970

974

978

982

986

930

954

0.331

0.396

0.45

0.469

0.436

0.337

0.291

0.257

0.22

intensity | 02656

4. Calculate the area of the chosen peak with the first frequency (v,) and intensity (I;) as
well as the second frequency (v,) and intensity (I,) with the following equation.

L+ 1
A:(Vz—V1)'( 2 )
v'l
frequency 970 | 974 | 978 | 982 | 986 | 990 | 994
intensity | 0.45| 0.469] 0.436] 0.337] 0.291] 0.257] 0.22

5. Repeat step 4 until the area for each frequency is calculated (first frequency does not

contain area).

v,

v

A

frequency [ s

962

966

970

974

978

982

986

990

994

1.195

1.455

1.693

1.838

1.81 | 1.545

1.255

1.095

0.954

~b

A,

6. Add the area for each frequency to obtain the area of the peak (PA).

n

- PA=0+1.195+1.455+1.693 +1.838 + 1.810 + 1.545 + 1.255 + 1.095 + 0.954

-

7. Repeat steps 4-6 for all samples.

PA =12.841
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8. Plot peak area vs concentration.

70.000 o

Area for Peak at 1120 cm™?

0.000

60.000 +
50.000 +
40.000 A
30.000 +
20.000 +
10.000 +

0.0 20.0

40.0 60.0

80.0

Concentration, %v/v

100.0

1120 cm™’

9. Calculate slope and intercept error by using the = LINEST function.

Select the 'y’ values, then the X’ values, write “TRUE” twice, and click enter. A range of
values will appear below (2 columns and 5 rows).

Names will

Concentration,
%v /v

4.5

Peak Area '

1555

24.5

35.5

44.5

DD

64.5

75.5

84.5

95:5

not appear.

Standard Errorm

=LINEST(

Slope| 0.1068 19.458
0.1184 6.832
R2 0.092 10.7868
Fisher's F 0.81 8
55 Reg 04.8 0930.8

14, TRUE, TRUE)

Intercept (b)
Standard Error b
Standard Error Reg
dof

55 Res
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10. Add trendline by selecting the data points, right click, and choose “Add Trendline...”.

O O
70.000 s+
v L&~
E 60.000 + & === Series "Peak Ar ~
(=] i Outlin
2 50.000 1 % Fill Outline
— 2
% 40.000 s LYY
xw Delete
o 30.000 « o
o o W = % 4] Reset to Match Style
2 20.000 + % W 3
g 10.000 © % : 3 [l]] Change Series Chart Type...
0.000 I . . . @ﬂ Select Data...
0.0 20.0 40.0 60.0 80.0 ‘aﬂ
Concentration, %v/v Add Data Labels
o O Add Trendline...

<j’ Format Data Series...

Format Trendline

Trendline Options

O \ & R ™y
<y U
70.000 N [m
V4 £ 60.000 + 4 Trendline Options
o
I ~ )
? ﬂ 50.000 (=] Exponential
T ‘© 40.000 + -]
_= ® Linear
@ 30.000 9
) & o .2 °
£ 20.000 + ° ° e
© . ]
£ 10.000 1
<
0.000 T T T T
0.0 20.0 40.0 60.0 80.0 100.0
Concentration, %v/v
© O Trendline Name

11. Write linear equation with R? and errors.

y = slope(tstandard error m) + intercept(tstandard error b)
RZ

y={0.1068(+0.1184) +/19.458 +6.832)
R* =0.092]

slope| 0.1068 | 19.458 |intercept (b)
Standard 0.1184 6.832 Standard Error b
R2] 0.092 10.7868 |Standard Error Reg

Page 9 of 17



12. Calculate standard deviation (s) for each concentration.

= STDEV (Range of values)

13. Add error bars by selecting the data points, selecting the “Chart Design” tab, “Add Chart
Element” button, “Error Bars” list element, and “More Error Bars Options” option.

Home Insert Page layout Formulas Data Review View Hr Chart Design ~ Format

Element v
Axes
Axis Titles
Chart Title

Data Labels

' Error Bars

None = 70.000

y =0.1141 £ (0.0900) + 17.994 + (5.194)
Gridlines

£ 60.000 R?=0.167
Standard Error a 50.000 '
b=l
% 40.000 ®
Percentage ]
Percentag ! E 30.000 R RRRPOPPRFPETLLY .
> F TU0Y . RSPRRRRRLL I ®
G 20.000 o -ev0t seaes
Standard Deviation b 20.000 ® = ¥ ® £
<£ 10.000
More Error Bars Options. 0.000
nn mn ann /O N RN N 1nnn

Format Error Bars

Error Bar Options
)
S O di

4 Horizontal Error Bar

y=0.1141+(0.0900) + 17.994 + (5.194)

Direction

- ® Both
I Minus

. Plus

Area for Peak at 1120

End Style
40.0 60.0 80.0 No Cap

Concentration, %v/v

® Cap
Error Amount
Fixed Value

Percentage

Standard
Deviation(s)

Standard Error

® Custom Specify Value
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15. Select standard deviation values in both positive and negative error values.

Standard Custom Error Bars 70.000
Deviation sasiive Error value - y = 0.1141 % (0.0900) + 17.994 + (5.194)
: § 60.000 R = 0.167
T = 8 =
Negative Error Value & 50.000 .
| 18 | : =
- % 40.000 ®
-
$300004 e
p = P NITY - FURURRRPRPY LI b W
520000 § -oeerppt - R
e & * % %
9 10.000
<
0.000 v v v T
0.0 20.0 40.0 60.0 80.0 100.0

Concentration, %v/v

Standard Custom Error Bars

Positive Error Value

=Sheet1!$D$5:5D$14
Negative Error Value
=Sheet1!$D$5:5D$14

- 70.000 - y = 0.1141 + (0.0900) + 17.994 + (5.194)
€ 60.000 4 R? = 0.167
[a=]
N 50.000 - ;[L
i
% 40.000 +
-
g 30.000 l D Q ...,...0000°°’ott.¢--.%o¢---
B 20.000 n .o.....tttc T
T ¢ 5 ¢
£ 10.000 -

0.000 . . . .

0.0 20.0 40.0 60.0 80.0 100.0

Concentration, %v/v
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16. Calculate relative standard deviation (RSD) for the first row by dividing the average
peak area with the standard deviation.

S
RSD = —-x100%
X
desired average desired standard
value deviation value
. Peak |Standard Rela%ye
Concentration, ..
Youfv Area | Deviatio Standa
1120 em™ n Deviation (R
4.5 16.000 1.5 =D5/C5
15.5 | B18.000 | 1.6 ) 8.9% |
e N BT —
I I I
desired average value desired standard desired RSD value
(first row) deviation value (first row)
(firstrow)
17. Repeat step 9 for the next peak.
desired average desired standard

value deviation value

. Peak |Standard
Concentration, L.
Area Deviatio
%v/v 1
1120 cm n
4.5 | 16.000 1.5
15.5 8.000 1.6 (o]
AT 1 A mnm | A4 == s I i)
desired average value desired standard desired RSD value

(first row) deviation value (first row)

(first row)
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18. Repeat step 10 for row with peak values.

Concentration Peak | Standard Relative
%v/v ! Area | Deviatio Standard
1120em™| n Deviation (RSD)

4.5 16.000 1.5
15.5 18.000 1.6
24.5 24.000 1.8
35.5 26.000 2.1
44.5 47.000 7.0
55.5 18.000 2.9
B64.5 15.000 4.0
75.5 19.000 4.2
84.5 25.000 5.6
95.5 40.000 12.0

19. Graph relative standard deviation (RSD) vs concentration.

0.350

30.0%

0.300 +
0.250 +

= 0.200 -

%]

£ 0.150 -

22.1% 22.4%
16.1%

0.100 +

8.1%

0.050 + 7.5%

Relative Standard Deviation

0!000 L] L] L] L]
0.0 20.0 40.0 60.0 80.0 100.0

Concentration, %v/v
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20. Determine the concentration range by analyzing the RSD values.

(o966 [25e] 5961 % 5% 636 796]8% [9%] 10%[ 11% 1296  13% 1436  15% | 163%] 176  18%  19% | 207 NN

GREAT <10% BAD >20%

Values above 10% can be discarded from the desired LOD range. E.g., the
concentration range for this data set is 9.9 — 35%uv/v.
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Il CALCULATING LOD FOR SPECIFIC ANALYTE

1. Calculate the increment concentrations for the range determined in the previous section

(.
E.g., calculate the increments for the range 9.9 — 35.5%v/v for 5 samples.
UL —LL (355-99)%
Increments = -1 - Increments = —=s-1 =  Increments = 6.4 %

99 |16.3]22.7
% % %

2. Prepare solutions as shown in section I.
c, -V
V1 — 2 2
(61

solvent V. analyte
‘ ' &Vz
3. Acquire spectra for each sample.

4. Repeat step 3 until 10 measurements are acquired for each concentration and 20
measurements for the blank.

l— = _'_-("—:-_‘_— !‘*__-"_-’
o 9.9%
9-9 /0 16.3%
22.7%
16.3% 29.1%
35.5%
22.7%
29.1%
35.5%
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5. Calculate the area for the peak of interest for each concentration as in step Il.

L+,
A=(V2—V1)'( 2 )
966 | 970 | 974 | 978 | 982 | 586 | 990 | 994
0.396| 0.45 0.469| 0.436| 0.337| 0.291] 0.257| 0.22
1 |2

6. Plot peak area vs concentration.

0.400

-1
¥ = 0.0069(+0.0004) + 0.0609(+0.0103)
1120 cm

0.350 +
E 0.300
(] o’
% 0,250
g
: 8
§ 0.200 f
& ot

0.150 4

0.100 T T T T T T

9.0 13.0 170 21.0 250 29.0 33.0 37.0

Concentration, %v/v

7. Register the slope (m) for the calibration curve.

y = 0.0069(+0.0004) + 0.0609(+£0.0103) —

m = 0.0069

8. Calculate the average for all 20 peak area measurements for the blank sample.

1120 cm™
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9. Calculate the standard deviation for all 20 peak area measurements for the blank
sample.

1120 cm™

j n[(PA; — PA)?]
Spt =

n—1

10. Calculate the LOD with the average (S,), standard deviation (s;;), and regression slope

(m).

(S +33-sp) — Sy Lop — (0018 +33-0.006) - 0.018

Lob m 0.0069

- LOD =29%

11. Calculate the LOQ with the average (S,,;), standard deviation (s,;), and regression slope

(m).

_ (Spr +10 - sp) — Sy L0Q = (0.018+10-0.006) — 0.018

L
oe m 0.0069

> LOQ =8.7%

Advisor Signature Co-Advisor Signature
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