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We would like to invite you to participate in the Analytical
Challenge, a series of puzzles to entertain and challenge our
readers. This special feature of “Analytical and Bioanalytical
Chemistry” has established itself as a truly unique quiz series,
with a new scientific puzzle published every other month.
Readers can access the complete collection of published prob-
lems with their solutions on the ABC homepage at http://www.
springer.com/abc . Test your knowledge and tease your wits in
diverse areas of analytical and bioanalytical chemistry by
viewing this collection.

In the present challenge, isotope amount ratios is the topic.
And please note that there is a prize to be won (a Springer
book of your choice up to a value of €100). Please read on…

Meet the challenge

Isotope amount ratios play an important role in several
scientific fields, ranging from geochemistry [1] to food
safety [2] and from meteorology [3] to metrology [4].
Usually, relative deviations from internationally agreed-
upon reference materials (so-called delta-zero materials)
appear to be fit for purpose [5]. Nevertheless, isotope
ratios that are accurate on an absolute scale are

indispensible in some cases. Unfortunately, mass spec-
trometers yield signal intensity ratios that are related to
the isotope ratios but are frequently biased due to inher-
ent properties of the mass spectrometers (so-called mass
bias). Therefore, the measured isotope ratios must be
calibrated [6]. Determination of the calibration factors,
and hence the absolute isotope ratios, is best achieved
using gravimetrically prepared mixtures of at least two
distinct isotopically enriched materials [7]. Depending
on the number of isotopes involved, the mathematical
solutions become rather complex, and for several de-
cades iterative calculations were thought to be unavoid-
able in this context. In the meantime, analytical solu-
tions have been derived [8].

The challenge

In a cupboard in your laboratory, you find two bottles (let’s
call them A and B) containing solutions of copper. The label
of bottle A reads “w(Cu)=851.63 μg/g, x(63Cu) > 0.99 mol/
mol,” and the label of B states “w(Cu) = 725.47 μg/g,
x(65Cu) > 0.97 mol/mol” (see Fig. 1).

Unfortunately, at this very moment your boss enters
the laboratory, notices the two bottles, and says:
“Excellent, you’ve already found them! Would you
please be so kind as to determine the exact isotopic
composition of copper in each solution?” After recover-
ing from the encounter, you remember that isotope mix-
tures can be used to figure out absolute isotope ratios.
So you take the mA= 2.2561 g solution from bottle A
and mix it in a third bottle (AB) with the mB = 2.6432 g
solution from bottle B. After allowing for complete
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equilibration of the isotopes in bottle AB, you perform
thorough mass spectrometric measurements of the three
solutions, yielding the following signal intensity ratios:

rA ¼ IA
65Cu
� �

=IA
63Cu
� � ¼ 0:003 701 25 V=V;

rB ¼ IB
65Cu
� �

=IB
63Cu
� � ¼ 48:6537 V=V; and

rAB ¼ IAB
65Cu
� �

=IAB
63Cu
� � ¼ 0:985 414 V=V :

In order to correct these measured intensity ratios,
you need a calibration factor K which allows you to
calculate the absolute isotope amount ratios Ri:

Ri ¼
ni

65Cu
� �

ni
63Cu
� � ¼ K � ri ⇒ K ¼ RA

rA
¼ RB

rB
¼ RAB

rAB
ð1Þ

Here, n denotes the amount of substance and i the bottle
identifier A, B, or AB. You also know the relations between
the isotope ratios and the isotopic abundances (the amount
fractions) xi:

xi
63Cu
� � ¼ 1

1þ Ri
xi

65Cu
� � ¼ Ri

1þ Ri
ð2Þ

The isotope mixture (AB) was meant to help you.
Therefore, you calculate its theoretical (true) isotope ratio:

RAB ¼ nAB
65Cu
� �

nAB
63Cu
� � ¼ nA

65Cu
� �þ nB

65Cu
� �

nA
63Cu
� �þ nB

63Cu
� � ð3Þ

The amount of 65Cu isotope in mixture AB originat-
ing from bottle A (nA(

65Cu)) can be expressed via the
isotopic abundance of 65Cu in bottle A (xA(

65Cu)) and

the total amount of copper in mixture AB from bottle
A (nA) as

nA
65Cu
� � ¼ xA

65Cu
� �� nA ð4Þ

The total amount of copper in mixture AB from bottle A
(nA) can be rewritten using the molar mass of copper in bottle
A (MA) and the total mass of copper inmixture AB from bottle
A (mA(Cu)):

nA ¼ mA Cuð Þ
MA

ð5Þ

The total mass of copper in mixture AB from bottle A
(mA(Cu)) is defined by the mass fraction of copper in bottle
A (wA) and the mass of the solution from bottle A (mA) you
used to prepare mixture AB:

mA Cuð Þ ¼ mA � wA ð6Þ

The molar mass of copper in bottle A (MA) can be
calculated from the molar masses of the isotopes and
their respective amount-of-substance fractions:

MA ¼ xA
63Cu
� ��M 63Cu

� �þ xA
65Cu
� ��M 65Cu

� � ð7Þ

To solve this challenge, you may use the following
v a l u e s : M ( 6 3 C u ) = 6 2 . 9 2 9 5 9 8 g / m o l a n d
M(65Cu) = 64.927 790 g/mol [9]. The following addi-
tional advice might also be helpful. Starting from
Eq. 3, you should replace all quantities on the right-
hand side of the equation using Eqs. 4–7 and Eq. 2
until only the masses (mi(Cu)), the molar masses (Mi),
the mass fractions (wi), and the isotope amount ratios
(Ri) remain. Then you should use Eq. 1 and replace the
isotope amount ratios (Ri) with the signal intensity ra-
tios (ri) and the calibration factor K.

(1) Obtain the analytical equation for K in terms of known/
measured quantities

(2) Obtain the numerical value of K
(3) Now you should be able to do what your boss asked you

to do and calculate the isotopic abundances of copper-63
and copper-65 in bottles A and B.
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We invite our readers to participate in the Analytical Challenge by solv-
ing the puzzle above. Please send the correct solution to abc-
challenge@springer.com by October 1, 2016. Make sure you enter
“Isotope amount ratio measurement challenge” in the subject line of your
e-mail. The winner will be notified by e-mail and his/her name will be
published on the “Analytical and Bioanalytical Chemistry” homepage at
http://www.springer.com/abc and in the journal (volume 409/issue1),
where readers will find the solution and a short explanation.

The next Analytical Challenge will be published in 408/27, November
2016. If you have enjoyed solving this Analytical Challenge you are
invited to try the previous puzzles on the ABC homepage.
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