The charge between these two layers is balanced by an external voltage, as illustrated above.
Hence, in the dark, no current flows.

Photons, passing through the p layer, interact with the central silica layer and generate
electrons. These electrons then flow from the detector. This output current is linear, with
respect to incident light, over a very large range.

The response time is very rapid. Hence, these detectors have a wider response range and a
faster response time than photomultipliers. Most, however, only respond to visible and near
infra red light. However, they can be modified to respond in the ultraviolet range; as
illustrated below:

UV Enhanced

Response

I‘ <—— StandardPhotodiode

/
’

T 1 T T 1 1 T
200 300 400 500 600 700 800 900 1,000
Wavelength (nm)

Photodiodes are much cheaper and smaller than photomultipliers. Hence, a battery of them

can be used in diode array spectrophotometers. The optics of these instruments is illustrated
below:

Cuvette
Polychromator
Light
Source

Diode
Array

[t will be noted that the sample is placed before the polychromator {(usually a grating), rather
than after the monochromator, as in a standard spectrophotometer.
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Each diode has a condenser in parallel, as shown below. Light hitting the diode generates
current that discharges the condenser. The condensers are recharged every 100 milliseconds.
The amount of current needed to recharge the condenser is proportional to the amount of
light hitting that diode in the 0.1 second.

/_

T YT YT

Diode 1 Diode 2 Diode 3

There are about 500 diodes in the instrument and each covers about 1 nm of the spectrum.
These are scanned 10 times (1 second) and the averaged results used to generate a "Digitised"
spectrum. The generated spectra are better than that illustrated below, due to the large
number of sampling diodes:

Diode Array
N I N BN B BN D BN BN B B B B

Absorbance ————

Wavelength ——— >

The advantages a diode array spectrophotometer are:

Rapid spectra generation (1 second).

Wavelength accuracy (no moving gratings or prisms).
Improved sensitivity (average of 10 scans per spectrum).
Less stray light (less components to scatter light).

e
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Readout Systems.
(a) Meters.

Moving coil meters are the most common form of meter readout; however, mirror
galvanometers are used in some old colorimeters.

The simplest form of meter readout is to use the meter directly as an ammeter to monitor the

output from the detector unit. The meter is then calibrated with a linear transmittance scale
and/or a logarithmic absorbance scale.

A linear absorbance scale can be produced by using the exponential voltage decay of a
capacitor or the logarithmic characteristics of a diode to convert the linear detector output

into a logarithmic form for display on the meter. This linear absorbance response can then be
amplified so that direct concentration readings can be made.

A galvanometer can be employed as a nullpoint indicator where the output from the detector
unit is balanced by that from a potentiometer. The potentiometer is fitted with a linear
transmittance scale and a logarithmic absorbance scale. This gives more accurate results than
direct meter readings, as meters are seldom completely linear.

(b) Digital Displays.

These are less likely to be misread than meters and are now common on new
spectrophotometers. They are also more linear than meters and hence more accurate.

These can take the form of numerals in an evacuated tube. The appropriate numeral is
illuminated by passing a heating current through it.

Another common type is the 7-bar light emitting diode. The I system has appropriate
bars illuminated to give the numbers from 0-9.

A Typical Single Beam Spectrophotometer.

The Pye Unicam SP6 is an example of a single beam spectrophotometer.
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! Detector Sample : ’ Monochromator ! Lamphouse !
i\ Compartment " (Cuvette) ' i ; :
: i Compartment ! / Tungran
! y : L. O S
N H 2
L : oo :
. i b ! W
: )
Okt PR !
O ; o Owismtame |
H ! : " :
: : i L SN ]
! : Lo e
L : i F : Filters G : Grating
e , L :lenses M : Mirrors
S : Slits W : Windows

The instrument is fitted with tungsten-halogen and deuterium lamps. The desired lamp is
selected by a lever that moves the lamp mirror (M1) to the correct position (Tungsten-
halogen: 325 - 1,000 nm, Deuterium: 195 - 325 nm).
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The monochromator is a focus compensated version of the basic Monk- Gillieson arrangement
(a plane grating operating in a convergent beam).

The grating is a holographic master with 600 grooves per mm and blazed at 240 nm. The

grating and mirrors are in a sealed unit to protect them from dust and fumes. The spectral
band width for the instrument is 8 nm.

A filter (F1) is automatically placed in the light beam between 270 and 410 nm to remove
stray light.

The detectors are blue and red sensitive vacuum phototubes. The desired detector is selected
with a lever on the left-hand front of the instrument. (The red sensitive one for 570 - 1 000

nm and the blue for 195 - 570 nm). A filter (F2) is permanently mounted in front of the red
detector to absorb 2nd and 3rd order spectral emission.

A third photocell, which is blackened so that no light reaches it, is wired into the circuit with

opposite polarity to the other two detectors. Thermally induced "dark current" is thus
compensated in the other two photo-detectors.

The output from the phototube is amplified and displayed on a meter readout or as a digital
display. The meter can be set to 10% T, 100% T, O-1 Abs, O-2 Abs or concentration.

The digital version of instrument can be switched to 100% T, 0-2 Abs or concentration. In the
concentration mode, the absorbance can be multiplied by 0.2 up to 10, by altering the gain of
the amplifier. 1.0 absorbance units can also be subtracted from absorbance readings on either
instrument to give more accurate readings in the absorbance range of 1.0 - 2.5.

Double Beam Instruments.

Single beam instruments have the disadvantage that the output from the photodetector varies
rapidly with a change in wavelength. This is due to variation in the source output,
monochromator efficiency and detector sensitivity. Voltage fluctuations and temperature
changes can also produce a change in output from the photodetector. These disadvantages
can be overcome by using a double beam instrument.

The essentials of a double beam spectrophotometer are shown below:

Reference
Rotating Mirror Cuvette

(Beam Splitter)

From —3» - - > - = \Mirror

Monochromator

|
| Sample
I Cuvette

I
i
| Detector

Rotating Mirror
(or Other Means of
Beam Recombination)
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Light from the monochromator is split by a beam chopper into two alternating light pulses
that pass alternatively through the reference (blank) and sample cuvettes. These two beams
are then recombined before they reach the photodetector.

The signal from each light beam is resolved as square wave alternating currents. These are
rectified to direct currents. The ratio of the sample current (I) to the reference current (lp) is
calculated to give transmission. After logarithmic conversion, the result can be displayed as
absorbance. In effect, the absorbance of the blank is continuously subtracted from the
absorbance of the sample.

Variations in source energy, monochromator efficiency or detector sensitivity effect both
beams almost simultaneously, as the beam is split 50 or 100 times per second. As a result, the
ratio of the two beams will remain unaltered. This means that the monochromator can be
motor driven to produce an absorption spectrum without having to readjust the instrument
with each change in wavelength.

Hlustrated below is a single beam absorbance scan of 1% H;SO4, 200 mM cobalt ammonium
sulphate in 1% H2SO4 and a double beam scan of the cobalt ammonium sulphate read against

the 1% H»SO4, between 360 and 620 nm, in a Varian 635 spectrophotometer with a 1 nm
spectral bandwidth:

L

360 620 360 620 360 620
A B
19 Hp04 200 mM Co(NH4)2(S04) 2 B read against A
Single Beam in 1% H2%04 Double Beam

Single Beam
A Typical Double Beam Spectrophotometer.
The Shimadzu Graphicord UV-240 is an example of a double beam spectrophotometer.
This instrument is fitted with tungsten-halogen and deuterium lamps. The lamp is selected
automatically by inserting a mirror into the light path of the deuterium lamp, when the

tungsten lamp is being used. The microprocessor normally changes lamps at 330 nm, but
changeover can be selected anywhere in the region 294 - 364 nm.
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The monochromator is of the Czerny-Turner mounting type, where two mirrors (M3 and M4)
are located symmetrically so as to eliminate aberration. The grating is holographically blazed

with 1,600 lines per mm. The spectral bandwidth can be set between 0.02 nm and 5 nm in
0.01 nm steps.

The light, leaving the monochromator, is alternately directed via the reference and sample

cuvettes by the rotating mirror (M9), at 50 Hz. The non-absorbed light is then detected by a
photomultiplier tube.

The photomultiplier output is fed through a pre-amplifier and separated into sample and
reference signals. The reference signal is fed into a feedback system on the detector gain, so
that there is a constant output from the reference signal. Thus the sample signal becomes
proportional to the sample transmittance, irrespective of wavelength changes, etc.

The instrument operates over the wavelength range of 190 - 900 nm.

Monochromator
M S D, : Deuterium lamp
: '“ (’lz'oroidal mirror) W1 : Todine-tungsten lamp
F :  Filters
Continuously variable slics S5 ¢ 51“'_
7/ G ¢ Grating
M1 ~M 11% Mirrors
S, R + Sample and reference
cells
M,
compartment == My (Rotating mirror)

Sam.

& —— /M,

The recorder uses temperature sensitive paper and is microprocessor controlled. The
microprocessor can undertake some simple calculations as well as recording the absorbance at
up to 3 different wavelengths.

The wavelength accuracy is automatically checked, during the warm-up procedure, using the
deuterium emission lines. The baseline is also automatically corrected during the warm-up
period. This warm-up period takes 9 minutes.

Instrumental Photometric Error.
Making photometric measurements usually involves 3 steps:

1. Setting the instrument to 0% transmittance with no light reaching the photodetector.
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2. Setting the instrument to 100% transmittance (Zero Abs) with light passing through the
reagent blank.

3. Reading the absorbance or transmittance of the sample.

Errors can occur at any of these steps. On a statistical basis this will produce the largest errors
in results when the sample has a high or low absorbance. Between the transmittance range
20-60% (Abs 0.22-0.7) this error will be at its minimum and increases outside this range.

Modern digital display instruments, with stabilised electronics, produce much smaller
instrumental error than older ones. Reliable readings can be obtained between 0.01 and 2
absorbance units. The upper limit is set by thermal and shot noise of the instrument.

Thermal noise is due to heat induced motions in electron carriers. This is proportional to the
square root of the absolute temperature.

Ultimately, shot noise reduces precision at high absorbance. Shot noise is due to the
discontinuous nature of light energy and electrical current. For example, photons arrive at
the cathode of a detector at random, even though the overall intensity of the light beam is
constant. These variations become more obvious as the light intensity is reduced.

The precision profile is illustrated below:

Relative Error

Absorbance

"Warm up" period.

After switching the instrument on, a finite time is required for the electrical circuits to
stabilize. During this period the readout device will tend to drift and so no analytical
measurements should be made. With most instruments this period lasts for about 10 minutes,
after which the instrument should be quite stable.

Optimum Spectral BandWidth.

Three parameters define the shape of peaks in an absorption spectrum. These are (1) peak
height (2) wavelength of maximum absorption (Amax) and (3) the natural bandwidth.
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The natural bandwidth is the width of the absorption band at half the peak height. These are
illustrated below:

Amax Peak Height

Absorbance

Natural
< Band Width —

Wavelength

Coloured solutions usually have fairly wide natural bandwidths in the visual range. Correct
absorbance values can be obtained, on these solutions, using fairly wide spectral bandwidths.
However, many solutions that absorb in the UV (and some that absorb in the visual range)
have fairly narrow natural bandwidths. In these cases, it is very important to use the right
spectral bandwidth. This is illustrated below, where the narrow absorption bands (Amax :
445.7, 453.4 and 460.0 nm) of a holmium oxide filter are scanned with 5.0, 1.0, 0.2 and 0.08
nm spectral band widths in a Shimadzu UV-240:

'. - 1

e e

Al
|
1 S

---:5.0 nm Band Width 0.2 nm Band Width 0.08 nm Band Width
——: 1.0 nm Band Width
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It will be noted that the peak heights are reduced with the spectral bandwidth of 5.0 nm,
compared with 1.0 nm. This is due to increasing amounts of poorly absorbed light away from
the Amax. A bandwidth of 0.2 nm only gives a slight improvement over 1.0 nm, and there is
too much instrumental noise when a bandwidth of 0.08 nm is used.

To obtain the correct spectrum, the spectral bandwidth should bell—0 , or less, of the natural

bandwidth of the peak. However, care must be taken with very narrow bandwidths so that
instrumental noise does not become a problem.

The value of the Amax is also shifted, when the 1 and 5 nm bandwidth scans are compared.
This shift is partly associated with the scan speed at which the spectrum was obtained.

As mentioned above, scan speed is also very important in obtaining the correct spectrum.
This is illustrated below, where the same absorption bands are scanned between 30 and 1,200
nm per minute in a Hitachi U-3000:

2.000 4 L — i

1.800 4 l“_. 600 nm/Min B

1.600 7 1 200 nm/Min —>»/ |
1.400 A

30-120 nm/Min I~

300 nm/Min

Ji

.200 A
.000 -+
.800 o

.600 A
.400 -+

.200 A

o o o © o »

.000

440.0

Note the shift of the Amaxs to lower wavelengths with scans faster than 120 nm per minute
(The instrument scans from the high to low wavelength). Also note that with the fastest scan

(1,200 nm per minute) only a few data points are collected and an angular absorption
spectrum is generated.

Stray Light.

Stray light is light, of wavelengths other than that which has been selected, which reaches the
photodetector. The most likely source is the scattered light emerging from the
monochromator. Scattering can occur from scratched or dirty optical surfaces and from the
edges of the monochromator slits and baffles. However, with grating instruments, imperfect
ruling of the grating leads to many surfaces where light scatter can take place. This is the
major source of stray light with grating instruments.

Light of different spectral orders, from the grating, is also a source of stray light. This is
usually removed by "Order Sorting" filters. In this case the shorter wavelengths of the second
and third (etc.) order spectra are absorbed by the filters.
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The major source of stray light in prism instruments is usually dust on the optical surfaces,
causing light scatter.

Room light, entering the cuvette chamber or the photodetector compartment, is not a usual
source of stray light. However, this can become a problem with damaged spectrophotometers.

Stray light can have an effect on spectral shape and on absorbance. False peaks can occur at
the lower end of the spectrophotometer range and the absorption maxima wavelengths can
shift when stray light is a problem. This is illustrated below, where a series of Nal solutions
are scanned in the UV, using the Shimadzu UV-240:

<-100mg/l ——J]-

~<— 80 mg/| ———-
a @ 60 mg/l

1< 30mg/l T _

Absorbance

)

% 2 Wavelength (nm) 2

As can be seen, the response of the instrument, at 225 nm, tails off above about 50 mg/l. At
190 nm, the response tails off above 10 mg/1 and the maximum absorbance reached is about
1.2. The peak at 195 - 200 nm is a false peak, as the real absorbance increases below 200 nm.

When there is no stray light, a plot of absorbance against concentration will give a straight

line. With the presence of stray light, the Absorbance/Concentration plot is no longer linear
at high concentration:
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30—

20 <

0% STRAY LIGHT

OBSERVED ABSORBANCE

I I { 1
1.0 20 3.0 4.0
CONCENTRATION
At low absorbance, the major light component reaching the photodetector is of the desired
wavelength. At high absorbance, most of the desired wavelength has been absorbed and so
most of the light reaching the detector is of the unabsorbed stray light wavelengths. Hence,
the measured absorbance is less than the true absorbance:

Selected
Wavelength

Cuvette

Stray light is expressed as a percentage transmission.

The effect of stray light is worse at the extremes of the wavelength range of
spectrophotometers. At the UV end of the spectrum, the light output of the deuterium lamp is
low compared with the stray light of a longer wavelength. At the red end of the spectrum, the
detector response is poor compared with stray light of a shorter wavelength.

In the 325-400 nm region, there will be less stray light from a deuterium lamp than from a

tungsten-halogen lamp. This is due to the high output of visual range light from the tungsten
lamp that contributes to the stray light.

The American Society for Testing Materials has suggested that stray light figures for
spectrophotometers should be based on the following, using a light path of 10 mm:

220 nm, Deuterium lamp : 10g/1 Nal
340 nm, Tungsten-halogenlamp : 50 g/l NaNO;
370 nm, Tungsten-halogenlamp : 50 g/1 NaNO;
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The Nal solution absorbs all the emitted light at 220 nm, but lets through light above 265 nm.
The NaNO; absorbs all light at 340 and 370 nm, but lets through light above 400 nm.

Correction for Background Absorption.

Turbid solutions or complex samples containing plasma or homogenates have background
absorbance spectra due to lipid or protein light absorption and/or light scatter. These
backgrounds are superimposed upon the absorption spectra of the analytes of interests. A
number of methods are available to reduce or eliminate this type of interference.

(a) Bichromatic Measurements.

Absorbance measurements are made at (or near) the Ayax of the analyte and at a wavelength
at (or near) the base of the absorption peak. The latter is then subtracted from the former.

(b) The Allen Correction.

Absorbance measurements are made at the Apax of the analyte and at 2 wavelengths

equidistant from the absorption peak. The latter two are averaged then subtracted from the
former.

(c) Difference Spectrophotometry.

Where the analyte has different spectra at different pHs, the sample can be split into two. The
pH of each is adjusted appropriately and the absorption spectrum of one (sample) is recorded

against the other (reference). This is illustrated below for salicylic acid, the active metabolite
of aspirin:

2.500. \
\
1
Abs
i / PH 13
/ pH 10.5
a.aae — —— Y T T v ——T Tt T
2598.98 3090.88 352_pa
220.00 388.08

The absorption spectra of salicylate at pH 10.5 and 13.
The Amax values of interest are: pH 10.5 : 296 nm and pH 13 : 299.
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Difference spectra of salicylate (pH 13 read against pH 10.5).
The Amax of interest are 246 and 317 nm.

The chemical structures of salicylate, at pH 10.5 and 13, are illustrated below:

COO” COO"

pH 10.5 pH 13
(d) Derivative Spectrophotometry.

This plots the rate of change in absorbance per wavelength unit, against actual wavelength.
This produces a 1st derivative spectrum. A 2nd derivative spectrum is the rate of change of
the 1st derivative plotted against wavelength. 3rd, 4th and 5th derivatives can be produced,
each producing a more complex spectrum than the previous.

The only derivative spectra of use are the 1st, 2nd and 4th. Amax values of broad peaks can be

obtained accurately from the 1st derivative. These correspond to zero crossing points (see
below).

2nd derivative spectra produce sharp negative peaks corresponding to Amax values; whereas,
4th derivative spectra produce even sharper, but positive, peaks corresponding to the Amax
values. Peak heights, generated in 2nd or 4th derivative spectra can be used in quantitative
work.

Mlustrated below are the zero order (normal), 1st, 2nd and 4th derivative spectra of a double
absorption band from a didymium filter obtained on a Shimadzu UV-160, between 560 and
610 nm. This instrument has a fixed bandwidth of 3 nm. The absorption bands have Apax
values of 573 and 586 nm. The values obtained are about 1.5 nm lower.
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Problems with derivative spectra include instrumental noise, which will produce extra peaks to
complicate the spectra. Instruments that can not store the initial spectrum generate derivative

dA dA
spectra as “3= rather thana . As a result, Amax values depend on the wavelength scan rate,

with the generated Ayax shifting from the true Ayax as the scan rate is increased.

Below is an example of the use of 2nd derivative spectra to identify the presence of
amphetamine in a liver sample (Amphetamine has Amax values of 251.5, 257 and 263 nm):
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: Zero order spectrum of amphetamine (pH 2).

: 2nd derivative spectrum of amphetamine (pH 2}.

: Zero order spectrum of liver homogenate (pH 2).

: 2nd derivative spectrum of liver homogenate (pH 2).
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CHECKING INSTRUMENT PERFORMANCE.
Wavelength Alignment.

The absorbance of a solution is usually read at the wavelength corresponding to its maximum
absorbance (Amax)- This gives the greatest sensitivity and precision to the method. Apax is the
top of an absorption peak. With a broad peak, the absorbance values at wavelengths close to
*max Will be almost the same as those at Mmax. However, with a narrow peak, the absorbance
values will rapidly fall as the wavelength moves away from Amax-

If one is using the molar absorption coefficient (g) to calculate the concentration of a solution,

and the instrument wavelengths are not correctly aligned, considerable errors can occur in the
assay. (e values are given for specific wavelengths).

Amax values are useful in the identification of drugs and other xenobiotics. Hence, it is very
important that the instrument is correctly aligned.

In checking the alignment, at least 2 wavelengths should be examined. An instrument could
be correct at one wavelength and incorrect at a second, due to an error in the dispersion
calibration.

The common ways to check wavelength accuracy are to use the emission lines of a discharge
lamp or to use the absorption bands of specific filters.

Most UV instruments use deuterium (or hydrogen, in the older instruments) discharge lamps
as their UV source. These have continuous emission in the UV, but have specific emission
lines in the visual range. Two of the hydrogen emission lines are the 486.1 nm [D3 : 486.0]
(medium intensity) and 656.3 nm [D7 : 656.1] (strong). These can be used to check the
alignment, if the hydrogen or deuterium lamp (and single beam) can be selected for the visual
range. Modern double beam instruments align themselves, by this method, during the warm
up period.

Holmium oxide glass is the most commonly used filter for wavelength alignment checks. This
had a number of sharp absorption bands. The ones at 360.9 nm and 536.2 nm are convenient
for checking alignment.
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Wavelength Repeatability.

This measures the ability of the spectrophotometer to return to the same wavelength, after
being moved away from that wavelength. Poor repeatability involves "slack" in the
mechanism that moves the grating or prism. On a good grating instrument the repeatability is
about = 0.05 nm. This may be in the order of + 2 nm in a poor instrument. With the non-

linear dispersion of a prism instrument, = 0.1 nm in the UV can be associated with = 5 nm in
the red.

A means of measuring this is to measure the absorbance of a substance that has sharp
absorption peaks and to make the measurements at a wavelength that is on the steep side of

the peak. Any small variations in the wavelength setting will give large changes in the
absorbance values.

Using the green food colouring (see photometric accuracy and linearity, below) 370 nm and
650 nm are suitable values for measuring wavelength repeatability. Note that the same

cuvette must be used for these measurements, as variations in cuvette absorption will effect
the results.

Spectral BandWidth.

The spectral bandwidth is the wavelength interval between points on the transmission curve
that are half the peak height.

The 656.1 nm deuterium emission line can be used to check spectral bandwidths. This
emission line is less than 0.001 nm wide. If this line is scanned, the detector output
corresponds to the proportion of the emitted light that passes through the monochromator:

H

AW

Detector response to the 656.1 nm deuterium emission line when scanned with the 0.2,
0.5, 1.0 and 2.0 nm band width slits in a Varian 635 spectrophotometer set in the
transmission mode. The emission line was scanned between about 653 and 659 nm.

lnmg
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Stray Light.
Stray light can be checked with Nal and NaNO;, as mentioned on page 1-29.
Photometric Accuracy and Linearity.

If one is using the molar absorption coefficient to calculate the concentration, then it is
essential that the instrument displays the correct absorbance value, over a reasonable
concentration range.

The American National Bureau of Standards gives the following absorbance values for a 36.7
mM solution of cobalt ammonium sulphate, in 1% (v/v) H2S04:

Wavelength (nm) Absorbance
400 0.0125
450 0.077 3
500 0.163 5
510 0.174 2
550 0.077 5
600 0.0137

Increasing concentrations of cobalt ammonium sulphate (up to about 400 mM), in 1% H;SO4,
can also be used to check photometric linearity.

Potassium dichromate solutions (dilutions from 200 mg/1), in 10 mM H,SO4, can be used to
check photometric linearity at 257 nm and 350 nm.

Another useful solution is a green food dye solution (5 parts of FDC yellow No 5 and 1 parts of
FDC blue No 1 [25 g/1 in H20 + polypropyl glycol]). This is diluted 1 in 2 000 to give a stock

solution. This stock is further diluted, and used neat, in the linearity check. Measurements

are made at 257 nm, 410 nm and 630 nm (the Amaxs Of the dye). These values cover the most
used wavelength range of the instrument.

These solutions are known to obey Beer's law.

EXERCISES

Where cuvettes are used, they should be thoroughly cleaned. This includes an ethanol wash,
if they are to be used below 220 nm.

Always handle them by the ground (non-optical) surfaces and wipe the optical surfaces with
soft paper tissues before putting them in the spectrophotometer.

Always fill cuvettes to about 15 mm from the top. Do not use Pasteur pipettes to fill, empty or
stir cuvettes as they can scratch the optical surfaces.
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EXERCISE 1-1
PHOTOMETRIC ACCURACY AND LINEARITY

It is advisable to check the photometric accuracy and linearity of spectrophotometers every
now and again; especially when the instrument is getting older.

As mentioned above, cobalt ammonium sulphate solutions are one of the recommended
reagents for doing this. A correction for mis-matched cuvettes will be made prior to the
absorbance measurements.

REAGENTS AND EQUIPMENT:

1. 1% (v/v) Sulphuric Acid.
2. 200 mM Cobalt Ammonium sulphate in 1% Sulphuric Acid.

Dissolve 39.46 g of dry CoSO4(NH4)2804:6H20 in 1% sulphuric acid and make to 500 ml
in a volumetric flask.

Glass Cuvettes.

Soft Paper Tissues.

S and 10 ml Bulb Pipettes.

Single Beam Spectrophotometer(s).
Double Beam Spectrophotometer(s).

PROCEDURE:
1. Using the 200 mM cobalt ammonijum sulphate solution and 1% H3SO4, prepare the
following solutions, in test tubes:
A B C
ml of cobalt ammonium
sulphate solution 50 10.0 15.0
ml of 1% HS04 15.0 10.0 50
2. Fill two glass cuvettes with 1% H;S0O4 and place them in a single beam
spectrophotometer.
3. Select one cuvette as the blank and the other as the sample.

4. For each of 400, 450, 500, 510, 550 and 600 nm, set the blank to read 0.100 absorbance
units and read the absorbance of the sample.

5. Replace the sample 1% H2SO4 with solution A (Wash the cuvette, 2 or 3 times, with this
solution before filling).

6. For each of the above wavelengths, reset the blank to 0.100 and read the absorbances of
solution A.
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7. Repeat the above with solutions B, C and the neat 200 mM cobalt ammonium sulphate.

8. Subtract the mis-match values (Step 4) from the other absorbance values, at their
appropriate wavelength.

0. Fill two glass cuvettes with 1% H;SO4 and place them in a double beam
spectrophotometer.

10.  Set the instrument to scan between 360 and 620 nm, with an absorbance range of O -
1.0, a bandwidth of 2 or 5 nm and overlay scans.

11.  Autozero the instrument at the start wavelength (600 nm) and run the scan.
12.  Use the cursor to obtain the absorption values at the above wavelengths.

13. Repeat the scan, using the 4 cobalt ammonium sulphate solutions, but do not autozero
the instrument before each scan. Obtain the absorbance values as in step 12.

14.  Subtract the mis-match values (Step 12) from the others, at their appropriate
wavelength.

For each instrument, plot corrected absorbance values against concentration, including each
wavelength as a separate line on the graph.

If linearity is obeyed (Beer's Law), these lines should be straight.

If linearity is obeyed, use the graph line values to calculate the absorbance values of a 36.7

mM cobalt ammonium sulphate solution and compare these values with those quoted by the
NBS.

If linearity is not obeyed, use the values from solution A (50 mM) to calculate the 36.7 mM
values and compare these with the NBS values.

EXERCISE 1-2

SPECTRAL BAND WIDTH

The emission lines from a deuterium lamp in the visual region, or from metal cathode lamps,
are very narrow and can be considered as fine lines (Bandwidths of less than 0.001 nm). If
one of these lines is scanned by a spectrophotometer, the detector output corresponds to the
proportion of the emitted light that passes through the monochromator at wavelengths at, or
near, the emission wavelength.

The 656.1 nm deuterium line will be scanned with each of the available bandwidths on a
suitable spectrophotometer.

The spectral bandwidths are then calculated as the wavelength interval between points on the
transmission curve that are half the peak height (See page 1-14).
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EQUIPMENT:

A scanning spectrophotometer that can be set to single beam and with a deuterium lamp that can be
used in the visual region (Eg. The Varian 635).
A recorder connected to the spectrophotometer recorder output and set for 10 mV input.

PROCEDURE:

The procedure is written for the Varian 635. Instrument bandwidths may be different on
other instruments.

1. Select the UV lamp, %T and single beam on the 635.

2. Select a bandwidth of 2.0 nm and locate the 656 nm emission line (Should be within 1
nm of the value on the indicator scale).

3. Alter the "Wavelength" control, gently, to give maximum meter response (maximum
transmission).

4. Adjust the "Energy" control to give a meter reading of 0.9 (90%). The recorder input
should be adjusted to give a value of about 90% (9 on the chart).

5. Set the wavelength to 660 nm and adjust the recorder "Zero" to give a recorder pen
reading of about 2% (0.2 on the chart paper).

©. Start the chart at 10 cm/min.

7. Then press the "Scan rate" of 10 nm/min on the 635.

8. After the pen returns to the base line, stop the scan and then stop the chart.

9. Repeat steps 2-8 for the 1.0 nm, the 0.5 nm and the 0.2 nm band widths.

The chart response should be similar to that on page 1-35.

For each scan, measure the peak height above the base line. Divide this value by two and
mark this value on the trace. Measure the distance between these two points, on the emission
trace, to the nearest mm.

1 mm=0.1 nm

Compare these measured values with those stated on the instrument.

EXERCISE 1-3

SPECTRAL CHARACTERISTICS OF A FILTER

The bandwidth ("Half Band Width") and the nominal wavelength (Peak transmittance), of a
filter, are important characteristics of a filter. This information is required when selecting
the right filter for a filter instrument.
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The technique of wavelength scanning with a single beam instrument will be employed in
this exercise.

EQUIPMENT:

Single Beam Spectrophotometers.
Green Colorimeter Filters (EEL 624, or equivalent).

PROCEDURE:
1. Select a green filter and a single beam instrument.
2. Record the transmittance values (against air) of the filter, at 5 nm intervals, between

450 and 650 nm. Make measurements at 2 nm intervals, near the transmission peak,
to obtain the peak value.

Remember to set the instrument to 100% T, on air, for each wavelength, before
reading the %T of the filter.

Plot these values against the wavelength and read off the nominal wavelength and
bandwidth.

EXERCISE 1-4

WAVELENGTH CHECK

A holmium oxide filter will be used to check the wavelength accuracy of a double beam
spectrophotometer.

EQUIPMENT:

Holmium Oxide Filter.
Double Beam Spectrophotometer.

PROCEDURE:

1. Set the instrument to scan between 300 and 700 nm, 0-2 absorbance units, on a scan
speed of 100 nm/min or less, using a 1 nm band width.

2. Insert the holmium oxide filter in the sample holder and carry out a scan.
3. Obtain the peak absorption wavelengths.
4, Compare these peaks with:

333.8 nm 453.4 nm

360.8 nm 460.0 nm

418.5 nm 536.4 nm

445.7 nm 637.5 nm
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EXERCISE 1-5

SPECTRAL BAND WIDTH AND RESOLUTION

The absorbance value measured by an instrument is the average value of absorbance for the
light of all the wavelengths that leave the monochromator. The narrower the spectral band
width, the closer the measured absorbance is to the true absorbance. As the bandwidth is
increased, wavelengths that are absorbed to a lesser extent are averaged with the absorption
peak wavelength; and so the overall absorption is reduced.

With increasing band width the ability of the instrument to resolve narrow absorption peaks is

reduced and these peaks can even be lost, as they become incorporated into an overall broad
absorption band.

Also, with a wide bandwidth and relatively narrow absorption bands, Beer-Lambert's law is no
longer obeyed; and so standard curves have to be run with each assay.

To obtain true peak heights, the spectral bandwidth should be less than 1/10 of the natural
bandwidth of the absorption peak. However, instrumental noise can be a problem with very
narrow bandwidths.

These effects will be illustrated in this exercise by scanning a triple absorption peak of
holmium oxide glass, using 0.05 (or 0.08) nm, 0.2 nm, 1.0 nm and 5.0 nm spectral bandwidth.

The effect of scan speed will also be examined.
EQUIPMENT:

Holmium Oxide Filter.
Double Beam Spectrophotometer.

PROCEDURE:
1. Set up the instrument as follows:
Absorbance : 0-2
Wavelength : 430-480
Scan : Overlay
Scan speed : 100 nm/min or less
Line type : Solid
Band width : 5.0 nm
2. Place the holmium oxide filter in the sample holder and close the lid.
3. Autozero the instrument.
4, Carry out the scan.
5. After the scan, select a bandwidth of 1.0 nm and dashed line. Autozero the instrument

and run the scan.
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o. After this scan, select a bandwidth of 0.2 nm and dashed/dot. Autozero the instrument
and run the scan.

7. Feed the chart paper and select a new overlay scan.

8. Select a bandwidth of 0.05 or 0.08 nm and a solid line. Autozero the instrument and
run the scan. Select the bandwidth to illustrate moderate instrumental noise.

9. Feed the chart paper and select a new overlay scan.
10. Repeat steps 1-4, but use a 0.5 nm bandwidth.

11. Repeat the scan with a range of faster scan speeds, using a different line type for each
scan.

Comment on the scans, including peak absorption and wavelength accuracy (The triple peak
hmax values are 445.7, 453.4 and 460.0 nm).

EXERCISE 1-6

CUVETTE CUT-OFF WAVELENGTHS

Knowing where cuvette material absorbs UV light is very important in selecting the correct
type of cuvette for UV work.

UV absorption by glass, quartz and plastic cuvettes will be examined in this exercise, using a
double beam spectrophotometer.

EQUIPMENT:

Glass, Quartz and Plastic (Polystyrene) Cuvettes.
Double Beam Spectrophotometer(s).
Soft Paper Tissues.

PROCEDURE:
1. Set the instrument for:

Transmittance : 0-100%

Wavelength : Lowest-340

Scan : Overlay

Scan speed : 300 - 500 nm/ min

Line type : Solid

Band width : 2.0 nm
2. Fill the glass, quartz and plastic cuvettes with distilled water.
3. Place one of these cuvettes in the sample holder of a double beam spectrophotometer.
4, Auto zero the instrument and run the scan.
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5. Repeat the scan with the other 2 cuvettes, but use a different line type for each.

Note the wavelength at which the transmission has been reduced by 10% (ie. 90% T on the
trace). The cuvette should not be used below this wavelength.

EXERCISE 1-7

THE ABSORPTION SPECTRUM OF BENZENE

Benzene has a number of electronic energy levels, which show up as absorption bands in the
ultra violet. Superimposed upon this electronic spectrum are bands associated with changes
in the vibrational energy of the molecules. These vibrational energy levels can be seen as fine
line spectra when benzene vapour is examined. This vibrational "fine structure" is lost when a
solution of benzene, in a transparent solvent such as ethanol, is scanned. In this case only the
electronic energy levels are seen as broader peaks.

To pick up the fine spectra, a narrow spectral bandwidth has to be used in the
spectrophotometer. One has to pick an optimal bandwidth because, if one uses a too narrow
one, the background "noise" starts to dominate the spectra and the signal to "noise" ratio falls
below an acceptable value. 0.1 nm is the bandwidth used in this exercise. This gives good
resolution of the fine structure of the benzene absorption spectrum with only a small amount
of background "noise". A double beam spectrophotometer will be used to scan benzene
vapour and then benzene in ethanol, between 220 and 280 nm.

REAGENTS AND EQUIPMENT:

1. AR Benzene.
2. 1/1,500 Benzene in Ethanol.
Add 100 ul of AR benzene to 150 ml of AR ethanol and mix.

Quartz Cuvettes with Lids.
Double Beam Spectrophotometer.
Soft Paper Tissues.

PROCEDURE:
1. Set the instrument for:
Absorbance : 0-2
Wavelength : 220-280 nm
Scan : Sequential
Scan speed : 100 nm/min or less
Line type : Solid
Band width : 0.1 nm
2. Pipette 50 ul of Analar benzene into a quartz cuvette and place the lid on the cuvette.
3. Place the cuvette in the sample cuvette holder on the instrument and close the lid.

Autozero the instrument.

4, Run the scan.
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5. Place a cuvette containing 1/1,500 benzene in ethanol in the sample cuvette holder and
a cuvette containing ethanol in the reference cuvette holder. Close the lid and autozero
the instrument.

6. Run the scan.

Note the fine-line structure in the vapour spectrum, which is lost in the solution.

EXERCISE 1-8

THE ABSORPTION SPECTRA OF NAD AND NADH

NAD and NADP are the coenzymes involved in most biological oxidation-reduction reactions.
These coenzymes are reduced to NADH and NADPH as the substrate is oxidised.

The reduced form of these coenzymes has an additional absorption band (Amax of 340 nm) in
the UV, not present in the oxidised form. The spectra of the 2 coenzymes are very similar.

Oxidation-reduction reactions can, therefore, be monitored by observing the change in
absorption at 340 nm. Other enzyme catalysed reactions can be linked to oxidation-reduction
reactions, which can then be monitored at 340 nm.

The absorption spectra of NAD and NADH will be examined in this exercise.
REAGENTS AND EQUIPMENT:

1. 50uM NAD.
Dissolve 7 mg of NAD in 200 ml of distilled water.
Make up fresh and keep on ice.

2. 50 uM NADH.
Dissolve 7 mg of NADH in 200 ml of distilled water.
Make up fresh and keep on ice.

Quartz Cuvettes.
Double Beam Spectrophotometer.
Soft Paper Tissues.

PROCEDURE:

1. Set the instrument for:
Absorbance : 0-1
Wavelength : 220-400 nm
Scan : Overlay
Scan speed : 300-500 nm/min
Line type : Solid
Band width : 2 nm

2. Fill a quartz cuvette 50 uM NAD and place in the sample holder of a double beam
spectrophotometer.
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3. Fill a quartz cuvette with distilled water and place in the reference holder of the

instrument.
4. Autozero the instrument and run the scan.
5. Obtain the Amax values.
6. Replace the NAD cuvette with one containing 50 uM NADH, autozero the instrument and

run the scan using a dashed line.
7. Obtain the Amax values.

Compare the 2 spectra.

EXERCISE 1-9

STRAY LIGHT

Stray light is light, of wavelengths other than that which has been selected, which reaches the
photodetector. The most likely source is the scattered light emerging from the
monochromator. Scattering can occur from scratched or dirty optical surfaces and from the
edges of the monochromator slits and baffles. However, with grating instruments, imperfect
ruling of the grating leads to many surfaces where light scatter can take place. This is the
major source of stray light with grating instruments.

Light of different spectral orders, from the grating, is also a source of stray light. This is
usually removed by "Order Sorting" filters. In this case the shorter wavelengths of the second
and third (etc.) order spectra are absorbed by the filters.

The major source of stray light in prism instruments is usually dust on the optical surfaces,
causing light scatter.

Room light, entering the cuvette chamber or the photodetector compartment, is not a usual
source of stray light. However, this can become a problem with damaged spectrophotometers.

Stray light can have an effect on spectral shape and on absorbance. False peaks can occur at
the lower end of the spectrophotometer range and the absorption maxima wavelengths can
shift when stray light is a problem.

When there is no stray light, a plot of absorbance against concentration will give a straight
line. With the presence of stray light, the Absorbance/Concentration plot is no longer linear
at high concentration (See page 1-29).

At low absorbance, the major light component reaching the photodetector is of the desired
wavelength. At high absorbance, most of the desired wavelength has been absorbed and so
most of the light reaching the detector is of the unabsorbed stray light wavelengths. Hence,
the measured absorbance is less than the true absorbance:
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Stray light is expressed as a percentage transmission.

The effect of stray light is worse at the extremes of the wavelength range of
spectrophotometers. At the UV end of the spectrum, the light output of the deuterium lamp is
low compared with the stray light of a longer wavelength. At the red end of the spectrum, the
detector response is poor compared with stray light of a shorter wavelength.

In the 325-400 nm region, there will be less stray light from a deuterium lamp than from a
tungsten-halogen lamp. This is due to the high output of visual range light from the tungsten
lamp that contributes to the stray light.

In this exercise, sodium iodide solutions with concentrations between 10 and 100 mg/1, will be
scanned between 190 and 300 nm in a double beam spectrophotometer. This will illustrate
the deviation from Beer's law and the presence of false absorption peaks in the far UV.

REAGENTS AND EQUIPMENT:

1. 100 mg/1 Sodium lodide.

Dissolve 100 mg of Nal in 1 1 of distilled water.

High Grade Quartz (Silica) Cuvettes.
Test Tubes.
10 ml Graduated Pipettes.

Double Beam Spectrophotometer capable of reaching 190 nm.

Soft Paper Tissues.

PROCEDURE:
1. Set up the following, in test tubes, using the 100 mg/1 Nal solution:
1 2 3 4 5 6 7
ml of 100 mg/1 Nal 101201 30)]40 | 60| 80 |=10
ml of distilled water 901 80| 70 60| 40 | 20 -
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2. Set the instrument for:

Absorbance : 0-3or 4
Wavelength : 190 -300 nm
Scan : Overlay
Scan speed : 300-500 nm/min
Line type : Solid
Band width : 2 nm
3. Place a quartz cuvette containing distilled water in the reference holder.
4. Place a quartz cuvette containing solution 1 in the sample holder and close the lid.
5. Autozero the instrument and run the scan.
6. After the scan, repeat the scan on each of the other 6 solutions, autozeroing before each

scan.
Results similar to those on page 1-28 should be obtained.

(a)  Plot a graph of absorbance against concentration for the 225 nm peak and at 190 nm,
on the same piece of graph paper.

(b) Note the wavelength of the first absorption peak (lowest wavelength one) at each Nal
concentration.

(¢)  From the absorbance values of the 100 mg/l Nal solution, calculate the percentage
transmission (stray light) at 190 and 225 nm.

EXERCISE 1-10

DERIVATIVE SPECTRA

Didymium filters will be used to demonstrate 1st, 2nd and 4th derivative spectra. These
derivatives will be used to obtain accurate Apmax values for an absorption double peak (Amgaxs of
573 and 586 nm) of didymium glass.

EQUIPMENT:

Didymium Glass Filters.
Double Beam Spectrophotometer Capable of Generating Derivative Spectra.

PROCEDURE:

1. Set the instrument for:
Absorbance : 0-2
Wavelength : 550-620 nm
Scan : Overlay
Scan speed : 100 nm/min
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Line type : Solid

Band width : 2 nm

2. Place a didymium filter in the sample holder of the spectrophotometer and autozero the
instrument.

3. Run the scan to generate the zero order spectrum.

4, Obtain the 1st derivative and use the zero points to accurately read off the two Amax
values.

5. Select sequential scans and generate the 2nd derivative spectrum.

0. Obtain the trough values to give the Amaxs.

7. Generate the 4th derivative spectrum.

8. Obtain the peak values to give the Apaxs.

If the instrument uses a o generate the derivative spectra, the Apax values will not be

accurate.

EXERCISE 1-11

THE DETERMINATION OF SERUM CALCIUM

This exercise is an example of a colorimetric method.

Calcium forms a complex with o-cresolphthalein complexone (phthalein purple), which is
violet in alkaline solution. The absorbance of this complex is measured
spectrophotometrically at 578 nm.

Other divalent metal ions also form complexes, and so 8-hydroxyquinoline is included in the
reaction mixture to chelate magnesium etc. Urea is also included to diminish turbidity
produced by lipaemic specimens and to enhance the complex formation. Ethanol is also in
the reaction mixture to inhibit colour development in the blank.

Diethanolamine is used as the buffer (with acetic acid) to maintain the pH of the reaction
mixture at 11.7. It also enhances the colour intensity.

As haemoglobin complexes also absorb at 578 nm, a correction has to be made for this.
Hence, after the initial absorbance has been measured, the calcium-phthalein purple complex
is dissociated by the addition of EDTA. The absorbance is then read again (this absorbance is

due to the haemoglobin complexes only). Hence the difference in the two absorbances is due
to the calcium present in the sample.

Bilirubin, in high levels, tends to produce decreased values and some drugs will yield elevated
results.
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Case History.

The plasma is from a 58 year-old female. 20 years ago, she had a partial thyroidectomy as
treatment for hyperthyroidism. She has now been admitted to hospital for cataract removal.
She is showing signs of increased neuro-muscular excitability. A request had been made for
serum calcium and phosphate determinations to confirm a tentative diagnosis of
hypoparathyroidism.

. The parathyroids are small organs that sit on the back of the thyroid:

Phyrynx
Right Lobe of Thyroid

Parathyroids

Their total weight is only 100 - 200 mg and they can easily be damaged during a partial
thyroidectomy. They secrete parathormone (PTH) in response to a low extracellular calcium
concentration. Parathormone is an 84 amino acid protein hormone.

It acts on the kidney to decrease phosphate reabsorption and to increase calcium
reabsorption. It also acts on the kidney to increase the activation of Vitamin D (25-
Hydroxycholecalciferiol — 1,25-Dihydroxycholecalciferol). This, in turn, increases calcium
and phosphate absorption in the intestine. Parathormone also acts directly on bone,

stimulating the osteoblasts to mobilise calcium. Hence, the plasma calcium level is increased
and the phosphate reduced.

With hypoparathyroidism, the opposite occurs. The low extracellular calcium leads to
increased neuromuscular excitability. This can be seen as abnormal reflexes and spasms.
Finally tetany and death can occur if the level goes low enough. Cataracts and psychiatric
conditions can be seen in conditions of prolonged hypocalcaemia.

REAGENTS AND EQUIPMENT:

1. Diethanolamine Buffer (2 M, pH 11.7).
Dissolve 300 g of urea in about 500 ml of distilled water. Add 210 g of diethanolamine
and dissolve. Adjust the pH to 11.7 with glacial acetic acid. Make to 1 1 with distilled
water.
Stable for 2 months.
For reagent 3.

2. Chromogen.
Dissolve 64 mg of o-cresolphthalein complexone and 1.16 g of 8-hydroxyquinoline in
250 ml of ethanol. Add 2.5 ml of glacial acetic acid and mix. Add 300 g of urea and
about 300 ml of distilled water to dissolve the urea. Make to 1 1 with distilled water.
Stable for 3 months.
For reagent 3.

3. Colour Reagent.
Mix equal volumes of reagents 1 and 2.
Use within 1 day.
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4. 0.1 MTCA.
Dissolve 16.3 g of TCA in 1 1 of distilled water.
For reagent 5.
5. 4.0 mM Calcium Standard.
Dissolve 200 mg of dry AR CaCO3 in reagent 4 and make to 500 ml in a volumetric flask,
with reagent 4.
6. 150mMEDTA.
Dissolve 558 mg of NaEDTA:2H0 in 10 ml of distilled water.
7. 0.9% NacCl.
Dissolve 450 mg of NaCl in 50 ml of distilled water.
For reagent 8.
8. Patient's Serum.
50 ml of serum (or heparinised plasma) + 30 ml of 0.9% NaCl.
Keep on ice.
9. QC Control Serum.
Reconstitute a QC sample with a known calcium value.
Keep on ice.

Test Tubes.

10, 20 and 50 ul Pipettors.

Reagent dispenser for reagent 1, set to 5.0 ml.
Glass Cuvettes.

Spectrophotometers.

Soft Paper Tissues.

PROCEDURE:
1. Set up the following tubes, using the standard calcium solution (4 mmol/1):
A|BJC|DJ|EJ]F [U;jU;|[QC1]|QCy

ml of colour reagent 5050150 |50|50|50{50|50]| 50 | 50
ul of Ca standard
(4 mmol/1) 0O |10 20130 {40 |50 | - - - -
ul of H20 5040 (30 j20110{ O | - - - -
ul of unknown serum - - - - - - |50 |50 - -
ul of control serum - - - - - - - - 50 50

Equivalent serum calcium

concentration (mmol/1) 0 (08|16 (243240 - B - B
2. Mix the tubes and stand for 30 minutes.
3. Read the absorbance of all tubes, against tube A, at 578 nm. Pour each solution back

into the tube after the reading (Abs 1).
4, Add 50 ul of 150 mmol/1 EDTA to tubes A, U4, U,, QC; and QC, and mix.

5. Read the absorbance of the unknown and control tubes against A, at 578 nm (Abs 2).
1-49



6. Calculate Abs 1 - Abs 2 for the controls and unknowns and take the average of each
duplicate.

Plot a standard curve and read off the values of the unknown and control sera.

Reference Range: =~ 2.1 -2.6 mmol/l.

EXERCISE 1-12

THE DETERMINATION OF CARBON MONOXIDE IN BLOOD

Carbon monoxide is a colourless, odourless, tasteless and non-irritating gas, resulting from the
incomplete combustion of organic matter. CO is the most abundant pollutant in the lower

atmosphere. A large number of accidental and suicidal deaths occur each year from its
inhalation.

Carbon monoxide is toxic because it can displace oxygen from haemoglobin, thus reducing the
availability of oxygen to the tissues. The iron of haemoglobin has an affinity for CO, which is
220 times greater than for O,. This means that 0.1% CO in air will result in a 50% carboxy-
haemoglobinaemia. Hence, CO is potentially dangerous, even in very low concentrations.

The rate at which arterial blood approaches equilibrium with CO in the inspired air depends
upon a number of factors. These include the diffusion capacity of the lungs and the alveolar
ventilation, which depends upon the level of exercise of the subject.

Not only does CO have a greater affinity for haemoglobin than oxygen, but it also has an effect
on the oxygen dissociation curve:

200 -+ og e
50 mi/!
¢ «<— Normal Blood
g ______________
e
=
L 50% COHb
S 100F-3---=-/------ oo
=
o
? 50 mi/i
o “«<— 50% Anhaemia
A
0 T T T T T
0 20 40 60 80 100

PO, (mm Hg)
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In a haemoglobin molecule that has bound two molecules of CO and two of O, then only two
0, molecules are available for dissociation as the oxygen partial pressure is reduced. The CO
tends to hold the molecule in the arterial (R) form and, hence, the molecule does not revert to
the venous (T) form as the two oxygens are removed. As a result, a lower partial pressure of
0, has to be reached before the molecule gives up its oxygen (ie. the curve is shifted to the left
and becomes hyperbolic rather than sigmoidal). This is illustrated above, and compared with
a case of 50% anaemia, as regards the release of 50 ml of oxygen from one litre of blood (at
the points marked with a filled circle).

Factors that govern the toxicity of CO include the concentration of CO in the inspired air, the
duration of exposure, the respiratory minute volume, the cardiac output, the oxygen demand
of the tissues and the haemoglobin concentration of the blood. As a result, a poor correlation
exists between the carboxyhaemoglobin content of blood and the signs and symptoms of
poisoned patients.

Anaemic persons are more susceptible and people with a high metabolic rate tend to succumb
earlier. Canaries were used to detect CO in mines because of their high metabolic rate. They
die before toxic symptoms are noted in man. Children, due to their higher metabolic rate,
tend to be more affected than adults.

The signs and symptoms of CO poisoning are characteristic of hypoxia. Even though there is
poor correlation between the blood level of carboxyhaemoglobin and symptoms, an indication
is given in the table below:

CORRELATION BETWEEN % COHb AND SIGNS AND SYMPTOMS OF CO

POISONING
% of Blood Signs and Symptoms
Saturation
0-10 No symptoms.
10-20 Tightness across forehead; possibly slight headache, dilation of
cutaneous blood vessels.
20-30 Headache; throbbing in temples.
30-40 Severe headache, weakness, dizziness, dimness of vision, nausea
and vomiting, collapse.
40-50 Same as above with greater possibility of collapse and loss of
consciousness; increased respiration and pulse.
50-60 Loss of consciousness, increased respiration and pulse; coma with
intermittent convulsions. Cheyne-Stokes respiration.
60-70 Coma with intermittent convulsions, depressed cardiac function
and respiration, possible death.
70-80 Weak pulse and slowed respiration; respiratory failure and death.

The foetus is particularly susceptible to the effects of CO, as the gas readily crosses the
placenta. This can lead to brain damage.
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Delayed toxicity can sometimes be seen. This is associated with an autoimmune response
resulting from damage to the blood-brain barrier. This has a sudden onset after apparent
recovery from poisoning. The symptoms consist of behavioural changes, confusion,
disorientation, fever and neurological disturbances. The condition is usually progressive, with
death resulting within a few weeks.

Treatment for CO poisoning is to displace the CO with O,. The patient must be removed from
exposure and given oxygen to breathe. Hyperbaric O, will displace the CO faster than O, at
atmospheric pressure; however, care must be taken to avoid O; poisoning. Exchange
transfusions have been used with moribund victims.

The major source of CO is from the burning of fossil fuels. Furnaces and cars are the major
producers of CO, which result in CO poisoning. This is usually associated with poor

ventilation. It is also noteworthy that most victims of fires die from acute CO poisoning rather
than from burns.

Another source of exposure to CO is smoking. The average carboxyhaemoglobin level of heavy
smokers (>40/day) is 5.9%.

The average concentration of CO in the atmosphere is 0.1 ml/m3 (0.1 p.p.m.). The level can

reach 100 ml/m3 in heavy traffic and in underground garages. The toxicity associated with
various atmospheric levels of CO is indicated in the table below:

CARBON MONOXIDE TOXICITY

% (v/v) in Air Response
0.01 Allowable for an exposure of several hours.
0.04-0.05 Can be inhaled for 1 hour without appreciable effect.
0.06-0.07 Causing a just noticeable effect after 1 hour's exposure.
0.1-0.12 Causing unpleasant, but not dangerous symptoms after 1
hour's exposure.
0.15-0.20 Dangerous for exposure of 1 hour.
0.4 and above Fatal in exposure of less than 1 hour.

An indication of high levels of CO in the blood is given by an abnormal red colour of the skin,
mucous membranes and fingernails. This is due to the cherry-red colour of
carboxyhaemoglobin.

CO in biological specimens can be determined by two methods:
(a) Release and measurement of the CO from carboxyhaemoglobin,
and

(b) Measurement of carboxyhaemoglobin.

An example of B will be used in this exercise.

1-52



Oxyhaemoglobin is deoxygenated to haemoglobin by sodium dithionite; whereas,
carboxyhaemoglobin is unaffected by dithionite. This fact, together with use of the
characteristic absorption bands of these compounds, is used in this method.

The absorption peaks (in nm), in the visual range, are listed below:

a p

Hb 555 —
HbO; 577 542
COHb 567 539

The wavelengths used in this method are 539 nm (the g band of COHb) and 555 nm (the Hb
band). The absorbance of the diluted bloods at these wavelengths are measured, after
treatment with dithionite, and the values of A539/A 555 ratios are calculated.

Case History.

A 25 year-old man was found unconscious in his garage. The car's engine was running and

the garage doors were closed. On admission to hospital, a blood sample was taken for carbon
monoxide determination.

REAGENTS AND EQUIPMENT:

1. Dilute Ammonia Solution.

Make 4 ml of conc (SG 0.880) Ammonia to 1 | with distilled water.
Place in a 25 ml dispenser.

Normal Blood.
Keep on ice.

3. Patient’s Blood.

Add 10 ml of normal blood to a 250 ml conical flask. Tilt the flask slightly and very
gently bubble CO through the blood from a Pasteur Pipette, for a few minutes. Make
sure that the rate is slow enough for the blood not to froth too much.

Add 10 ml of normal blood and decant into 50 ml reagent bottle and then mix.
Keep on ice.

4, Sodium Dithionite (Sodium hydrosulphite).

This tends to oxidise on storage, so it is a good idea to remove the top layer of crystals
before use.

5. Watch Glass with 10 mg of Sodium Dithionite.
An indication of how much to use in the assay.

N

Small Spatulas.
Oxygen Cylinder with Regulator and tube to a Pasteur pipette.

Carbon Monoxide Cylinder, adjacent to a fume cupboard, with Regulator and Bubble Flow Meter to a
tube and Pasteur pipette.

150 ml Separating Funnels.

Wassermann Tubes.

Double Beam spectrophotometer, capable of measurements at 2 wavelengths.
Glass Cuvettes.

100ul Pipettors and Tips.

Soft Paper Tissues.

Parafilm.
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PROCEDURE:

Preparation of Standards:

1. Add 4 ml of normal blood to two 150 ml separating funnels.

2. Displace the air of one funnel with O, and the air of the second with CO.

3. Replace the stoppers and rotate the funnels to spread the blood over the surface of the
funnels. Rotate gently for about 1-2 minutes.

4. Repeat steps 2 and 3, twice. This gives the O and 100% COHb standards.

5. Run about 1 ml of each blood into Wassermann tubes and cover with parafilm.

Assay:

1. Add 100 ul samples of the standards and the patient's blood, to 25 ml of dilute
ammonia solution (This prevents protein precipitation) in test tubes and mix well.

2. Programme a double beam spectrophotometer for 2 wavelength absorption
measurements and enter 539 and 555 nm. Select a 1 nm bandwidth.

The instrument should calculate the A539/A 555 ratios.
Autozero the instrument with nothing in the light paths and the lid closed.

3. In turn, add about 3 ml of each solution, from step 1, to a cuvette followed by about 10
mg of sodium dithionite and mix well by placing a piece of parafilm on the cuvette and
inverting it several times.

4. Place the cuvette in the sample holder of the instrument, together with a dilute
ammonia blank in the reference holder.

5. Press "Start". Wait for the values to appear on the screen before removing the cuvette.

0. After the last sample, obtain a copy of the results.

Calculate the As39/A 5355 ratios, if the instrument has not done this.

Subtract the As3zg/Asss ratio of the 0% COHb from the 100% COHDb ratio. This value is

equivalent to 100% saturation. Subtract the 0% COHb from the patient's ratio and calculate
the % saturation.

Reference Values:

Non-smokers : 0.5 - 1.5% saturation.
Smokers : 4-5% saturation.
Heavy Smokers (above 40/day) : up to 8-9% saturation.
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Major symptoms can be expected with values above 25%. Lethal levels range from 50% and
upwards, although this can be lower in old or diseased persons. Levels of 60-70% will result in
death if not treated.

EXERCISE 1-13

THE DETERMINATION OF PLASMA SALICYLATE

The chemical structures of the common salicylates are shown below:

COOH ﬁ COOH COOCH3
O-C-CH; OH OH
Aspirin Salicylic Acid Methyl Salicylate

Salicylic acid is so irritating that it can only be used externally. However, less irritating
derivatives can be used internally. The most common is aspirin, the ester of acetic acid.
Methyl salicylate is the methyl ester of salicylic acid and is used externally in lineaments etc.

Aspirin is absorbed, as such, by the gastric mucosa; but is hydrolysed by the mucosal cells
and, hence, enters the circulation as salicylic acid.

Aspirin is the most commonly used analgesic. It also has anti-pyretic, anti-inflammatory
properties and is used as an anti-rheumatic agent. Accidental, or intentional, overdoses with
salicylates are still very common in both children and adults. The symptoms of overdose are
tinnitus, deafness, nausea and vomiting. More severe cases result in severe vomiting,
hyperventilation, hyperthermia, convulsions, coma, acid-base and blood glucose disturbances.

The clinical course may progress to pulmonary oedema, haemorrhage, acute renal failure,
oliguria or death.

Treatment is by emesis or by gastric lavage if the patient is comatose. This is followed by the
administration of activated charcoal to absorb the remaining drug in the intestine. Fluids are
then give orally to combat dehydration that is a common finding with salicylate overdose.

The administration of bicarbonate, to make the urine alkaline, also speeds up the elimination
of the drug from the body. This forced alkaline diuresis is recommended with adult salicylate

levels above 500 mg/1 and above 300 mg/1 for children. The bicarbonate also helps to combat
the metabolic acidosis seen with salicylate overdose.

There are a number of methods available for the determination of salicylate in the body
fluids. One of the simplest methods is that of Trinder, where salicylates react with ferric salts

to produce a violet colour. However, difference spectrophotometry of salicylates at pH 13 and
10.5 will be used in this exercise.

Salicylates are strong acids. They will be rendered non-ionised by the addition of 6 M HCl and
extracted into chloroform. The salicylates are then ionised by the addition of an excess NaOH
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and extracted into the aqueous phase. pH 10.5 and 13 solutions are then prepared and the
pH 13 solution scanned against the pH 10.5 (reference), between 225 and 380 nm.

Case History.

A 25 year-old woman presented at casualty saying that she had swallowed an unknown
number of aspirin tablets about 2 hours previously. She was lethargic and gasping for breath.
She complained of ringing in the ears. A Trinders spot test for salicylates in urine was positive
(A purple colour with Hg and FeCl). Treatment for salicylate overdose was started and a blood
sample collected for a quantitative plasma salicylate determination.

The patient's plasma and 3 standards will be treated by the method described above. This
procedure removes most of the interfering material present in plasma.

REAGENTS AND EQUIPMENT:

Chloroform.
6 M HCI.
Add 60 ml of Conc (11.6 M) HCI to 56 ml of distilled water and mix well.
3. 0.45 M NaOH.
Dissolve 18 g of NaOH in 1 1 of distilled water.
4. 160 g/1 Ammonium Chloride.
5. Salicylic Acid Standard (500 mg/1).
Dissolve 290 mg of sodium salicylate in 500 ml of distilled water.
6. Patient's Plasma.
Dissolve 35 mg of sodium salicylate in 50 ml of plasma.
Keep on ice.

N =

25 x 150 ml Screw-capped Culture Tubes.
200ul, 500 pl and 1.0 ml Pipettors with tips.
Wassermann Tubes.

Quartz Cuvettes.

Double Beam Spectrophotometer.

Soft Paper Tissues.

Centrifuge Tubes.

Bench Centrifuge.

PROCEDURE:
1. To 4 25x150 mm screw-capped culture tubes, add 20 ml of chloroform.

2. Add 1.0 ml of the patient's plasma to one tube and 0.2, 0.6 and 1.0 ml of the 500 mg/1
salicylic acid standard to the remaining tubes.

3. Add 0.8 and 0.4 ml of water to the 0.2 and 0.6 ml standards to make a total of 1.0 ml of
aqueous solution in each tube.

4, Add 1.0 ml of 6 M HCI to each tube, cap and shake vigorously for one minute.

5. Stand for 1 minute and then remove the aqueous layers (top), by aspiration, and
discard.
0. Filter the chloroform layers into clean dry screw capped culture tubes.

7. Add 8.0 ml of 0.45 M NaOH to each tube, cap and shake vigorously for 1 minute.
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10.

11.

12.

13.

14.

When the layers separate, transfer the aqueous layers to centrifuge tubes and centrifuge
for 5 minutes.

Transfer two 3.0 ml aliquots of each aqueous layer, to Wassermann tubes.

To one of the two tubes of each set, add 0.5 ml of 160 g/l ammonium chloride and mix.
This gives the pH 10.5 solution.

To the other tube in the set, add 0.5 ml of 0.45 M NaOH and mix. This is the pH 13
solution.

Set the instrument for:

Absorbance : 0.3to 1.2
Wavelength : 225-380 nm
Scan : Overlay

Scan speed : 300-500 nm/min
Line type : Solid

Band width : 2 nm

Place the pH 10.5 solution, in a quartz cuvette, in the reference light path and the pH 13
solution, in a quartz cuvette, in the sample light path. Autozero the instrument.

Record the difference spectrum, for each set. Autozero before each scan and use a

dashed line for the patient's sample. After each scan, obtain the peak absorption
values,

Plot the absorbance values of the standards at 246 nm (for low concentration) and 317 nm
(for higher concentration) and read off the patient's value. Extrapolate the standard curve, if
the patient's value is above the top standard.

Reference Values:

Therapeutic values range from 50 mg/! for mild analgesic levels to 150-300 mg/1 for optimal
anti-inflammatory effect in rheumatic patients.

Tinnitus occurs in the range 200-400 mg/1. Hyperventilation usually occurs with levels above
350 mg/1. Acidosis, and other signs of intoxication, are seen with levels above 450 mg/1.

The Done nomogram, below, is useful, in interpreting the result in relation to the time of the
collection of sample after the ingestion of salicylate.
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Done Nomogram for Salicylate Poisoning
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EXERCISE 1-14

THE DETERMINATION OF PLASMA PARACETAMOL

Phenacetin and its active metabolite, paracetamol (acetaminophen), are effective alternatives
to aspirin, as analgesics and antipyretics. However, unlike aspirin, their anti-inflammatory
activity is weak. They lack many of the side effects of aspirin and so both were commonly
used. In normal doses, paracetamol is less toxic than phenacetin and so phenacetin has now
been withdrawn from use in Australia.

Paracetamol, however, is very hepatotoxic in large doses. This is due to the production of a
minor metabolite (Acetimidoquinone).

The majority of paracetamol is detoxified by conjugation with glucuronate or sulphate
(Approx 949%). About 2% is excreted unchanged, which leaves 4% to be oxidised by the
cytochrome P-450 system to acetimidoquinone. This is then detoxified by conjugation with
glutathione.

However, the liver's glutathione tends to be used up when paracetamol is present in large
amounts. This leaves the acetimidoquinone free to have its effect, which results in liver cell

necrosis. Hepatic damage is seen when about 70% of the liver's glutathione is depleted.

This is produced by about 16 grams of paracetamol in adults and 4 g.rams in children. The
actual] value depends on normal absorption and metabolic activity.
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However, liver damage is associated with higher plasma levels of paracetamol in children, than
in adults. This is probably due to a lower rate of acetimidoquinone production in children,

than in adults.

The chemical structure of the paracetamol is shown below, with some of its metabolites:

Paracetamol

NHCOCH;3 NHCOCH;
94%
Glucuronic Acid
or Sulphate
OH Glucuronide
or Sulphate
4%

COCH;

=ty € --————-—-

NHCOCH;

Glutathione

L
>

i Acetimidoquinone Glutathione
OH

Reaction with
Hepatocyte Macromolecules

Cell Necrosis

The paracetamol overdose patient presents with the following:

Stage | -

Stage 11 -

Stage 11 -

2-24 hours.
Anorexia, nausea and vomiting.
A general feeling of malaise not unlike the common cold or flu.

1-3 days.

Improvement.

The patient begins to feel better - may be hungry and want to get out of
bed. At this time, the LFTs (alanine and aspartate aminotransferases,

bilirubin, prothrombin time, etc) become abnormal. Right quadrant pain
may occur.

3-5 days.

Hepatic necrosis with peak abnormalities in liver function. Very high levels
of LFT enzymes may be found, usually peaking at day 4.
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Stage IV - 7-8 days.
Hepatic function returns to normal with general clinical improvement.

A small percentage of patients progress to hepatic encephalopathy and death. However, some
survivors may have long-term liver damage.

The patient's plasma level of paracetamol is crucial in deciding on treatment. The plasma
level peaks 3-4 hours after ingestion and then falls off exponentially. The relationship of

plasma levels at specific times after ingestion and the probability of liver damage is shown as
follows:

Rumack-Matthew Nomogram for Acute Paracetamol Poisoning
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If the value falls above the line then treatment must be given. Rapid treatment is essential
and should be started before the laboratory results are available, if there is any suggestion of
paracetamol poisoning (Treatment is not effective after 16 hours post-ingestion).

The treatment is gastric lavage and administration of N-acetyl cysteine (preferably
intravenously). This supplies -SH groups depleted by the loss of glutathione.

Even though phenacetin is converted to paracetamol, its other metabolic pathways are more
significant when large doses are taken. Lethal doses of phenacetin do not produce liver
damage. However, a metabolite causes the oxidation of haemoglobin to methaemoglobin, with
cyanosis, respiratory depression and cardiac arrest resulting.

A number of methods are available for the determination of paracetamol. The most common
ones are (1) hydrolysis to p-aminophenol and then coupling with o-cresol to form an
indophenol blue, and (2) nitration to form a yellow product (The Glynn and Kendal Method).

However, deproteinised solutions will also be used in a direct UV absorption method in this

exercise. The Allen correction will be used to reduce the interference caused by other UV
absorbing material in the sample.
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Paracetamol is first converted to its phenoxide, by the addition of sodium hydroxide. This ion
has an absorption peak at 255 nm. The phenoxide ion has an absorption trough at 233 nm.
This wavelength and 277 nm are the additional wavelengths used in the Allen calculation.

Case History.

On return from work, a man found his 23 year-old wife vomiting. She complained of nausea
and dizziness. On admission to hospital, she admitted to swallowing a number of Paracetamol
tablets as a parasuicidal gesture, because she was experiencing difficulties in her marriage. A
blood sample has been collected for a plasma paracetamol determination.

REAGENTS AND EQUIPMENT:

1. 1/3 M H204.

100 ml of M H2%04 + 200 ml of distilled water.
2 10% Sodium Tungstate.

Dissolve 10 g of NapW04:2H70 in distilled water and make to 100 mlL
3. 0.1 M NaOH.

Dissolve 4.0 g of NaOH in 1 1 of distilled water.
4, Paracetamol Standard (500 mg/1).

Dissolve 250 mg of paracetamol (p-Acetamidophenol) in 500 ml of distilled water.
S. Patient's Plasma.

Dissolve 20 mg of paracetamol in 50 ml of plasma.

Keep on ice.

Eppendorf Centrifuge and Tubes.
Spectrophotometer, Preferably Double Beam.
Quartz Cuvettes.

Soft Paper Tissues.

100 and 200 ul Pipettors and Tips.

Test Tubes.

Wassermann Tubes.

PROCEDURE:

1. Pipette 300 ml of 1/3 M H,S0,4 and 300 ml of 10% sodium tungstate into 2 Eppendorf
tubes and mix.

2. Add 400 ul of the patient's plasma to each tube and mix well.

3. Centrifuge for two minutes, at 14 000 g.

4, Set up the following standards, in Wassermann tubes, using the standard paracetamol

(500 mg/1) and mix well:

A B C D E

ul of standard paracetamol (500 mg/1)
0 | 100 | 200 | 300 | 400

ul of H20 400 | 300 | 200 | 100 | ©
wl of 1/3 M H3SO04 300 | 300 | 300 | 300 | 300
ul of 10% sodium tungstate 300 | 300 | 300 | 300 | 300
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5. Add 3.0 ml of 0.1 M NaOH to 7 test tubes labelled A, B, C, D, E and 2 of U (Unknown).

o. Add 100 ul of the solutions from step 4 and 100 ul of the supernatants from step 3 to
their appropriate tubes and mix.

7. Read the absorbance of each solution, against tube A, at 233, 255 and 277 nm in a
spectrophotometer.

Calculations:

Calculate the corrected absorbance from:

Absorbance at 255 nm - (

Abs at 233 nm + Abs at 277 nm )
2

Plot a standard curve and read off the duplicate unknowns and average them. The patient's
blood sample was collected about 6 hours after ingestion. Will antidote therapy be of use to
this patient?

Reference Values:

Use the Rumack-Matthew nomogram on page 1-61 to assess the likelihood of hepatic damage.
Treatment should be applied when there is a likelihood of liver damage.
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