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yto
hrome 
 (sample X) of unknown 
on
entration. We aimed to �nd the
on
entration by 
omparing it with that of a known referen
e solution.1



2 Method2.1 Determining the peak absorption wavelength (λ
max

) of 
yt 
The absorption of a sto
k solution (0.1mg/ml) of 
yt 
 was measured in a spe
trophotometerat wavelengths between 380 and 420nm, at 5nm intervals. Before ea
h reading, the spe
tropho-tometer was zeroed using distilled water. The results were plotted on a graph.2.2 Plotting a 
alibration graphSix 10ml samples of the sto
k 
yt 
 solution in distilled water were prepared at 
on
entrations be-tween zero and 0.1mg/ml, at 0.02mg/ml intervals. The absorption of ea
h sample was measuredat λmax, the results were plotted on a graph, and a line of best �t drawn.2.3 Measuring the 
on
entration of sample XThe absorption of sample X was measured, and the 
on
entration was read o� the graph.3 Results3.1 Peak absorban
eThe absorption of the sto
k solution is shown in the table below:
λ (nm) Absorption380.0 0.262385.0 0.253390.0 0.318395.0 0.386400.0 0.463405.0 0.562410.0 0.606415.0 0.544420.0 0.424407.5 0.626412.5 0.599The result shows 
learly that the peak absorban
e is at 410nm (±5nm).As an afterthought, in an attempt to determine the lo
ation of the peak more pre
isely, twoadditional readings were taken at 407.5nm and 412.5nm. These showed the peak to be 
loser to407.5nm than 410nm, but we nonetheless de
ided to use the original value of 410nm for λmax insubsequent measurements.
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3.2 Calibration graphThe absorption of various dilutions of the sto
k solution are tabulated below:Con
entration (mg/ml) 0 0.02 0.04 0.06 0.08 0.1Volume of sto
k solution (ml) 0 2 4 6 8 10Volume of distilled water (ml) 10 8 6 4 2 0Absorption at λmax 0 0.141 0.280 0.443 0.536 0.682(The zero value for the absorption of distilled water was by de�nition.)Happily, these data show good proportionality.There was an unexplained 
hange in the systemati
 error of the spe
trophotometer between parts1 and 2 of the experiment, whi
h prompted us to retake a measurement that 
ould otherwisehave been done only on
e, namely the absorban
e of undiluted sto
k solution at 410nm.3.3 Con
entration of sample XThe absorban
e of sample X at 410nm was 0.434. From the graph, this indi
ates that its
on
entration was 0.062mg/ml (2 s.f.).4 A

ura
y4.1 Spe
trophotometerThe error of the spe
trophotometer is ±0.02. In part 1, the expe
ted normal distribution 
urvearound the peak was marred slightly by the reading at 385nm. Nonetheless, this measurementwas within the bounds of expe
ted experimental error.More worrying was the unexpe
ted and unexplained 
hange in behaviour of the spe
trophotome-ter between parts 1 and 2 of the experiment. The meter was entirely 
onsistent before and afterthan 
hange; lu
kily, with the ex
eption of the purity 
al
ulation, we were only interested inrelative measurements so this did not unduly a�e
t the out
ome of the experiment.The a

ura
y of the spe
trophotometer was by far the largest sour
e of error. Other potentialsour
es of experimental error (e.g. a

ura
y of the pipette used to prepare dilute samples) werenegligible by 
omparison.4.2 Purity of the sto
k solutionThe molar absorption 
oe�
ient of pure 
yto
hrome 
 is 125, 000molar−1cm−1 at its (unspe
i-�ed) peak wavelength λref , and its relative mole
ular mass is 13300.The 
on
entration of the sto
k solution was 0.1
13300

= 7.52µM (3 s.f.), and its expe
ted absorban
eat the peak wavelength was 0.940 (3 s.f.).The purity of the sto
k solution was therefore 0.682
0.940

= 73% (2 s.f.). However, a number ofassumptions have been made in the above 
al
ulation:3



1. That λref was exa
tly the same as our value for λmax. This is unlikely to be true, and
annot be fully 
ompensated for even by �nding out the value of λref , due to systemati
error in the wavelength setting of the spe
trophotometer we used. (We were advised to useonly a single spe
trophotometer for the duration of the experiment for this reason: thisimplies that the error is signi�
ant.)2. That any impurities present in the sto
k solution did not absorb light in the 410nm region.If they did, this would in
rease the purity value, thus the value obtained is a
tually amaximum.3. That the Beer-Lambert law holds under the 
onditions of the experiment. In parti
ular,the expe
ted value for the absorban
e of pure 0.1mg/ml 
yto
hrome 
 quoted above isperilously 
lose to 100% absorban
e, and it is un
lear to me whether proportionality holdsall the way to 100%.4. That, of the two behaviours exhibited by the spe
trophotometer, the latter was 
orre
t(thus yielding the 0.682 �gure instead of 0.606). I have no basis for assuming this, but theprevious behaviour was unreprodu
ible.In this 
ase, I assume sample X was prepared from the sto
k solution. Were this not the 
ase,the la
k of purity of the sto
k may have adversely a�e
ted the a

ura
y of the value obtainedfor the 
on
entration of sample X.4.3 A

ura
y of the measured 
on
entration of sample XThe a

ura
y of the spe
trophotometer resulted in an error of ±0.02 in the absorban
e of sampleX, whi
h equates to approximately ±4.6% or ±0.003mg/ml in the resulting 
on
entration.The 
alibration graph is assumed to be relatively a

urate due to amortization of errors overseveral samples. The error in λmax is not relevant, nor is the purity of the sto
k solution assumingthat sample X was prepared from it. We assume, however, that the known 
on
entration of thesto
k solution was a

urate.5 Con
lusionsThe 
on
entration of sample X was 0.062±0.003mg/ml (2 s.f.).The purity of the sto
k solution 
ould not be determined to any reasonable a

ura
y due tosigni�
ant sour
es of error, but was likely less than 80%.Spe
trophotometers are �
kle.
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