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~ phenanthroline; if the PH is too low, H* will compete with Fe?* for the basic 1,10-
- phenanthroline to form phenH*,

2Fe % + HO OH apessuety opgis + pdoss S0

P2
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CHEM 455
1 DETERM
INATION OF IR
F IRON IN A VITAMIN
UVIVIS SPECTRO TABLET BY

NAME

DATE

Weight of tablet
L+ (‘I 44 8 5
Concentration of Standard Fe Solution (on whiteboard) Q ¥ F g (] l mg/mlL
#,

L R
Solution Standard Iron Concentration of Absorbance

Solution Iron in Standard* (510 nm)
L __ (ugimb) ;
Blank 0 0 —-5_[)_(_)@.“
Standard 1 1.00 e i *——*\m Beeaiin L
0 - YDA
Standard 2 2.00 O— ——X/Z‘-\j__-
e k VO

ki o
~ _[_f_fj'_‘_f_i__%,ﬁgji

\C 0795 |
d 050

n in each

Standard 5

*Show the calculations used to determine the concentration of iro
standard on the next page-

ach your calibration curnve.
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D VOLUMETRIC FLASKS CALCULATIONS
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- Based on your calibration curve determine the concentration of iron in the final
- Volumetric flask containing iron from the N i IO

~ Calculate the total amount of iron (mg) in the tablet.
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: ?tlestions

What is th
e
Purpose of adding sodium Citrate to the
reaction mixture?

g2 KLCr 1 oxidi :
o ym& ?xndlza_.alcohd (ethanol) to a carboxylic acid, turning the .
Spoune: IR ol of dichromate to the green of Cr(lll). The intensity of the
Gien. e g mgeagur_edp Blood alcohol levels of suspected drunk drivers can be
Horpi ‘m;:ay A blood sample so treated gives an absorbance of 0.259 in
il Ieg I ¥ IS pfmomonahtynmnstant. g, (in terms of %) is 3.52/cm %, is the
r legally drunk in Tennessee? Use Beer's law and show your work.

Do)

.

ith a molar mass of 337.69 was added

o the mark. Then 2.00 mL were
ic flask. The spectrum of
in a 2.000-cm cell.
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Use the following absorbance values for the calibration
plot for yesterday's lab:

Flask 1 (blank): OFlask 2 (standard 1): 0.121Flask 3
(standard 2) : 0.201Flask 4 (standard 3) : 0.468Flask 5
(standard 4) : 0.689Flask 6 (standard 5) :
0.905Reminders: The Fe2+ stock solution
concentration is 0.04081 mg/mL. A blood alcohol
content of 0.080% constitutes the legal limit in the
state of Tennessee.

the
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DETERM

INA

| TION OF IRON IN A VITAMIN TABLET BY
SPECTROSCOPY

INTRODUCTION

A wide vari

i i :
chemical SUbStan::i oflv?nalyt'c_m techniques exist to identify and quantify
thousands of COmpor;ent‘s)(?r?tm .lns_trymentation can separate hundreds or
the exact amounts present. o individual species, identify each one and calculate

Qualitative Analysis is a branch of chemist i

: ry that determines wh

Csigeegrc;ali atre prese_nt. Quangitagive Analysis tells how much. 2

concent?at?oometry is a _quantltatlve method that is used to determine very low

et ns, usually in the 103 to 107 M ranges. As its name implies,
pectro-photo-metry, measures the light absorbed in a particular part of the

§pectrum (often the visible spectrum from about 350 nm to 700 nm). The method

is based on Beer's Law, which states that for a specific wavelength

A=¢cbC (1)

where

A = absorbance (a unitless number)

¢ = molar absorptivity, a proportiona
compound,

b = path length of light,

C = concentration in mo

lity constant characteristic for each

which is the diameter of the cuvette
I/L or other units as determined by units of €

With a little reflection, experience will tell you that this is obvious.
Consider two test tubes, X and Y, with different concentrations of a colored
chemical species. Hold them both up to the light. Which one is darker? Logic
tells you that the darker one is more concentrated, and if itis twice as dark, it

must be twice as concentrated. But why does test tube X appear darker? When
ht passes through the test tube and is absorbed

you hold it up to the light, the lig i
by a small amount every time 2 light particle (a photon) encounters a _\\ght-
absorbing (colored) chemical species. The more light-absorbing p_amc:_\es, the
greater the concentration, and the more that the light intensity is diminished as it
emerges on the other side of the test tube (cuvette).

tight wslo

 “Incident” “Transmitted”
iight ight

“rranwuitanes” T=1/1g

0sTsd : i
Transmittance (T) is defined as T =1/ where lo is the light intensity
1
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wh ICh ﬁrSt e
nte
The "lost" iy

Notice e

light must travtehlét‘lt'?\ienih:l?gft IIn iy of light s also dependent on how far the
and viewing the same solutio ?:klng 2" 2 cotored somt-mn DB staie
path, more light will be absort';ed ro%?h a large bottle. If the light travels a longer
centimeters, and P S ity ’ e path length, b, is usually measured in
exactly 1 cm wide (Most rd cuvette (sample holc.jer for a spectrophotometer) is
At this i wora & S spectrqphotometers don't use test tubes, but some c_.io.)
variehdaitonth should be said about cuvettes. Cuvettes are made of a wide
: erials including glass, plastic, or quartz. The appropriate material

_epends on the wavelength at which the absorbance is being measured. Plastic
d_lS_posa_bIe Cuvettes may be used when the absorbance wavelength is in the
visible light range, above 340 nm. This is the type of cuvette that will be used
today. Another common material used to manufacture cuvettes is quartz. A
quartz cuvette may be used to measure the absorbance for a wide wavelength
range, 230-2500 nm. A quartz cuvette must be used when measuring the
absorbance in the ultraviolet range. Most plastic cuvettes cannot be used in the
UV range because the plastic used to make the cuvette absorbs in this range.
However, some plastic cuvettes made of methacrylate may be used down to 285
nm. The drawback to quartz cuvettes is they are very expensive and fragile and
therefore must be handled with care. When using a quartz cuvette be sure the
cuvette is carefully cleaned after use. Use lens paper such as that used for
microscope lens, not ordinary Kimwipes, to clean the outside of the cuvette. Do
not clean a quartz cuvette with a brush or abrasive. The interior of a cuvetie may
be cleaned by repeatedly rinsing with deionized water. To facilitate this a cuvette
washer may be used. After cleaning the cuvette should be stored upside down in

a cuvette rack to protect the cuvette from scratches.
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In addition to h
of the light also d ow far the light must tr
Every coml:h')undeh‘z:,n::s upon the panicuiart::/tehlé?m‘;?: ;t‘\el i i ey
_absorbance o 2 'aatin) Chargmeristic absorption spectrum %:‘hl being observed
in this case for the ¢ p'e varies with the wavelength Tvmc:I “L'l:“m e
Note that the differestmpounds involved in photosynthesis ar: sh DI,
wavelengths. For samples have a maximum absorption at drf?w . t:em

example, chlorophyll a has absorption maxima :::‘;o and 680

nm, while
chlorophyll b has absorption maxima at 450 and 640 nm

ore widely used than any other analytical

thod of choice for the field of medicine. Chemical

t colored can often be "tagged" by reacting them with a
le, diabetics can monitor their blood sugar levels at

hotometer. They take a blood sample by

d to a strip of paper. Chemicals in the

is placed in the device and the

corded. The device then

ds of laboratory tests are

e. Some blood tests can

ample relatively quickly.

Spectrophotometry is probably m

technique and is the me
substances which are no
dyeing agent. For examp
home with a simple, portable spectrop
finger pin-prick and touch the drop of bloo
paper react with glucose. The end of the paper

absorbance of the glucose-colored species is re
displays a calculated blood sugar level. Thousan
conducted in hospitals and clinics by this techniqu
measure 24 or more different substances on oné S
determine the concentration of a chemical.

the protein with a

n in solution by reacting
d. One of the most

-250. In the absence of
eenish color, but when [\

An assay is an experiment to

In biochemistry one can assay protei
colored dye. There are many dyes which can be use
common dye for protein is Coomassie Brilliant Blue G
protein, the dye absorbs strongly at 465 nm which is a gr
106
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binds to protein the
Sl absorba
which is blue. Fort nce wavelength m i
’ ¥ una aximum shifts t
at a single wavelengtht:zi the spectrophotometer can ex‘a:wc\,:tar:: gggor:{anance
595 nm. The dye binds princ*\an' therefore monitor the increase in absorbance at
charged amino acids, Th arily through electrostatic interactions with positively
Brilliant Blue dve bind erefore, the main amino acids fo which Coomassie

ye binds are arginine, lysine and histidine

CHy
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NH \NL'/ Sy
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Iron is the first element in Group s an atomic weight of 55.85

g/mol. The most common valences are 2 and 3, although valences of 1,4,and 6
have been observed. Ironis an essential element to sustain life, being found in @
number of substances, most notably in the proteins, hemoglobin and myoglobin.
It also plays a vital role in the proteins of the electron transport chain. The
ar_nount of iron in water should not exceed 0.3 mg/L according to EPA guidelines.
Since the recommended daily requirement for iron is 1 to 2 mg, this standard is
for aesthetic reasons. Too much iron in water can stain plumbing, cooking

It can also give food and drink an unpleasant taste.

utensils, and laundry.

XXX and ha

t in a vitamin supplement tablet will be
the iron is reduced to Fe?

will complex with the
phenanthroline to

In this experiment the iron presen
determined. The tablet is dissolved in acid after which
with hydroguinone. This step is necessary as only Fe?*
1 ,10—phenanthroline. The reduced iron is complexed with o-
form a highly colored complex called ferroin Fe(phen)s, which absorbs strongly at
510 nm. The molar absorptivity of this complex has been measured as 11,100
L/mol cm. The structure of the iron-phenanthroline complex and its absorption

spectrum is shown below.
Fe?* is quantitatively

n this experiment.
3t0 9. Sodium citrate is

important i

The control of pH is
complexed by 1,10-phenanthroline in the pH range from
used as a buffer to maintain a constant pH of approximately 3.5. |fthe pH is too
to Fe* and will not complex to the 1,10

high, the Fe** will be oxidized
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