Chemistry 6330
Winter Quarter 2018

Midterm Exam
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(1) [15 pts] Consider a mathematical group.

Lg}:‘a (a) [8 pts] List the properties that define a group. .
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(b) [3 pts] What is a subgroup?

A%MP ol ocder lowres  Hamn Hae (o.o%er %r@u\p\& order,
IC N b o st'-de.(‘“\J\“ conktT NS G w\eﬁmude ol ecder

[ 2

SN L e
|C:>" .

(c} [4 pts] What is a class?
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(2) [10pts] Suppose that a S4 rotation about the y-axis operates on a general Cartesian point (a,b,c).

(a) [7 pts] What is the Cartesian coordinate of the transformed point? Show your work.
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(b) [3 pts] What is the general 3x3 matrix for a reflection through a plane that contains the z-axis and the
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(3} [20 pts] For the following products of symmetry operations, determine (i) a single symmetry operation
that is equal to the product and (ii) if the symmetry operations commute.
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(4) [15 pts] A blank character table for the D,y symmetry point group is shown below. Use your
knowledge of the properties of groups and representations to generate the five irreducible
representations Aj, Ay, By, B, and E. Show your work (i.e. explain how you arrived at answers)!
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(5) [25 pts] Consider ethene drawn below.

H\ /H
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(a) [6 pts] Identify all the symmetry elements and symmetry operations of the molecule (it may help to draw

them on the molecule)
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(b) [4 pts] What is the point group of ethene? b 2o

(c) [10 pts] Write the representation for transposing the four H atoms in ethene.
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(d) [5 pts] Is the representation in part (c) reducible or irreducible? Explain your answer.
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(6) [15 pts] The following questions pertain the Dy}, point group (character table included).

(a) [10 pts] Find the direct product E*E,, and reduce to a sum of irreducible representations.
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(b) [5 pts] Show that the irreducible representations By and E, are orthogonat to one another.
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