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Few Tips For Success in the Class

actively attending every class and take good
notes

improving your math (good math is absolutely
essential)

completing all homework and study textbook
Taking CHE 311L VERY Seriously
asking questions
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Chapter 1

Introduction of
Analytical Chemistry

What is Analytical Chemistry?

O “The study of methods for determining the
composition of substances.”

The sample could contain:
(1) Ca?*, Na*, or K" ions

OR
(2) A urine sample from a
potentially pregnant woman

Your job:
To tell what is the sample or is

An unknown sample solution the woman pregnant?

Analytical Chemistry
A
What is the sample? How much is X in the sample?
I Identification I Quantitation

Qualitative Analysis S Quantitative Analysis (EDTA titration)

CALCIUM
Flame test 2
(Brick Red) &
EDTA-Ca
Complex

Emission Spectroscopy (Spectroscope)




Absorbing pad
Control line
Captureftest line
Nitrocellulose membrane

Gold conjugate pad

Sample pad Pregnancy Test Strip

HOW DOES A HOME PREGNANCY TEST WORK?
iy . rr

galn roagent not stached 1o hot binds 1o Bt

y Hormone

e 1 (protein)

ampée pad

) Horma epgnancy Seat [ Bpror

Analytical Chemistry

O “The study of methods for determining the
composition of substances.”

U “The science of extraction, identification, and
quantitation of an unknown sample.”
Two Areas:

= Qualitative Analysis (what?)

= Quantitative Analysis (how much?)
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Roles of Analytical Chemistry

* Forensics

* Archaeology
* Food

* Pharmacy

* Medicine

© 2004 Tromaon - rocks ol
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General Steps in a Chemical Analysis

|

Chocolate
(33% fat, 47% sugar,...)

o
(=]

1 );CHZ I CH3
/c‘x —N H’C\. /c\. —N
. 9 HN [ e N %
Bitter taste? | ] H —— | I CH
; 4 4
NO bromine o? S EN O,ﬁcx.T/C--N
From Greek CH, CH,
“Food of gods” Theobromine Caffeine
Diuretic, smooth muscle Central nervous system
cardiac stimul imulant and di i

and vasodilator

Both in chocolate
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1. Formulating the Question

2. Selecting Analytical Procedures/Methods

Defining the problem:
1. What accuracy and precision are required?
2. How much sample is available?
3. What is the concentration range of the analyte?
4

. What components of the sample will cause
interference?

5. What are the physical and chemical properties of
the sample matrix?

6. How many samples are to be analyzed?
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Numerical Criteria for Selecting
Analytical Methods
1. Precision @ @

2. Accuracy

3. Bias f’:\\ (17—
( | /’5‘] |

4. Sensitivity @ @

5. Detection Limit Ee

6. Concentration Range (Dynamic range)
7. Selectivity
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2. Ease and Convenience

4. Per-sample cost

Other Characteristics to Be
Considered in Method of Choice

1. Speed (point of care diagnostic testing)

3. Cost and availability of instrument
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3. Sampling Lot
Sampling
r .
Representative Ahq,uOt_
bulk sample a portion of a
larger whole,
Sample especially a
preparation
y sample taken
Homogeneous for chemical
lab sample .
analysis or
other treatment.
i
[ Aliquot | [ Aliquot |
17
| 20 meters
I o
(m] (m |
Random g o D 1g cm x
- 10 cm
Heterogeneous § 5 = patches
Material  ®|° o . .
\ O | random
m]
20 meters
Segregated g A66%
Heterogeneous £ B14%
. o
Material "‘ G
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4. Sample Preparation

Petroleum Ether

€
(_l_\

] JCH!
HN N
Fat + A v

by

.

Solvent
Ipetroleum
ether]

Finaly
ground
chocolate

ClHy—CHy —CHy—CHy—CHy. Qs Cly G — Gl

an *
Hy—C—C3y
I CHy— O3 — €y CHy—CHy— Oy
ary
ﬂis—ﬂiz-lm;—?i—cu; CHy—CHy —CH — (Hy— ;.
cHy N

cHy
CHy— iy -Gy - oG- GHy
]

ey , CHy

Petroleum ether
(a mixture of alkanes)

Shake Decant
well Centrifuge liquid
Supernatant 5
liquid
dissolved fat
Suspension Solid residue Defatted
of solid in - | packed at residue
solvent \"'. | battom of tube
~
’
J

Remove fat from chocolate
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Extraction of theobromine
from chocolate with water

Transfer some of
the suspension to
centrifuge tube

Withdraw supernatant 5—-
liquid into a syringe and
filter it into a fresh
centrifuge tube

0.45-micrometer <
filter

/]

Centrifuge Supernatant

0

liquid containing
dissolved analytes
and tiny particles

Tuhl

of | Filtered

Suspension of
chocolate residue
in boiling water

solid in water

containing dissolved
analytes for injection
into chromatograph

chocolate
residue

Solubility: 330 mg/L in water
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5. Analysis

Inject analyte
solution

chemically bound to
5i0, particle

el

Chromatography
eolumn packed with
5i0, particles

Ultravialet

Detector /?

Output to
computer
la)

Hydrocarbon moleculs ™

Solvent Solution containing

both analytes
Theobromine

Caffeine

Solvent Time —
out

by

21




Time (minutes)

7. Drawing Conclusions

Theobromine
z
k]
Caffeine
2
s
T a & ]

6. Reporting and Interpretation =

Peak height [centimeters]
3

-

T
Unknawn
Theobromine
y=0.197 Tx-0.2104
‘Caffeine '
¥=0.088 45 - 0.0303,

25 50 75 100
Analyte concentration (parts per million)

TABLE 0-1  Analyses of dark and white chocolate

Theobromine
Caffeine

tyte per 100 grams

Dark chocolate White
0302 = (N2 0010+ BT
0080 = (003 0000 9 = 0,001 4
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TABLE 4-1

The International System of Units (SI)

Sl Base Units

Physical Quantity

Name of Unit

Abbreviation

Mass

Length

Time

Temperature
Amount of substance
Electric current
Luminous intensity

kilogram
meter
second
kelvin
mole
ampere
candela

kg
m

S

K
mol
A
cd

= 2004 Troemaon - iecotaCol.

23

mega
kilo
centi
milli
micro
nano

pico

M

k
c
m
u
n
p

SI (International System of Units) Prefixes

Especially useful in this course

106
103
102
1073
106
10
10-12
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TABLE 43

Prefixes _fo? Units.

Prefix Abbreviation Multiplier
yotta- Y 103
Fella- Z 102t

I 10!

P 10!

T 104

G 0¥

M 10"

k ¢

h 10

da ik

d 10~}
centi- (U -2
milli m 1o-*
micro- u [ Vi
nano- n :'l: T‘ Modern Anal Tech
prco P =
femito- i 10-1s LOD
altio- i |
zeplo- z 10~
yocto- ¥ 10-24

£ 2004 Thomeon - Brooks/Coila
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Solution Terminology

* solute

* solvent

* aqueous solution

e liter

* atomic weight

* molecular weight (Formula Weight)
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Molarity

# moles A
Molarity (M): € = -=--mmmmmmmmmmmemen

# liters solution
or

# millimoles A
Molarity (M): ¢ =

# milliliters solution
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Useful Algebraic Relationships

fw A (g/mol)
#mol A=V (L) x C (mol A/L soln)

or

wt A (m
# mmol A = -——————-- (. __g_)___

fw A (g/mol)
# mmol A=V (mL) x C (mmol A/mL soln)
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Percent Composition

wt of a solute
W= WY = mmmmmmmmmm oo x 102 %

wt of solution
vol of a solute
V= V% = mmmmmmmmm e x 10% %
vol of solution
wt of a solute
w-v% = - x 102 %
vol of solution
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Parts per Million (ppm)

wt of a solute
Cppm — ~==========m===m==- x 100
wt of solution

Remember (for aqueous solution):

1 ppm =1 pg (solute)/mL (solution) = 1 mg/L
Assuming: solution density = 1.0 g/mL

(it is true for most of the diluted aqueous solutions)

Practice: What is the molar concentration of 585 ppm
NaCl? (10.0 mM)

30
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Parts per Billion (ppb)

wt of a solute
Copb = =-=========mmmmmmmm X 10°
wt of solution
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p-Functions
pX =" 1OgIO[X] [X]: Concentration or Activity
Activity: Effective concentration
examples:
pH
pOH
pCl
PAg
32

Chapter 1 Summary

* CHE 311 study tips
* The nature of analytical chemistry
* Quantitative and qualitative analysis

* Analytical chemistry and other branches of
science

* Steps in a typical quantitative analysis
* SI units
* Solution terminology
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