Chemistry 236 — Hour Exam
December 1, 1999 — Tellinghuisen
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Honor Code Pledge: I have neither given nor received aid on this exam.
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I. @2) Least Squares. Statistician Marge Inovera has collected some data (x;,y;) which she thinks
should follow the relationship, y = ax + bix2.

A. Help Marge with her analysis by obtaining the least-squares equations for an unweighted fit of data to
this equation. Then express these using matrix notation. (Note: It is NOT necessary to solve these
equations. Assume, as we have always done, that x is error-ree.)
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B. Suppose the fit has been carried out and the values of aand b determined. Give an equation Marge
can use to compute the estimated variance in y, syz (Be wﬁ .)
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Before beginning Part II, please enter here the names
of your lab partners and the number of peer points
you wish to award to each. The total must sum to
25, with max/min of 18/7 for groups of 3, 13/6 for
groups of 4.

II.  Error Propagation, Confidence Limits, etc. Do 2 and ONLY 2 of the following.
[Note: They are not all equal in point value.]

A. ( This

is a continuatiol m t

1. Fora 2x2 matrix A = ( ':_ g) , the inverse A-1=D-1 _i _g) , where D is the determinant,

D =ps —qr. Give expressions for the estimated variances (s, and s52) in the parameters from
the least-squares fit of data to y = ax + b/x2. (Your answers should be in terms of the quantities
obtained in your solution to Problem I, including syz).
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2. Desctibe a way you could transform the (x;,y;) data into a form that would permit you to fit to the
straight-line relationship, ¥ = a+ b X. Specifically, (a) How would you define X; and Y; in
terms of x; and y;? (b) Assuming the original y; values have constant uncertainty oy = 1, what
should the weights be in this transformed fit?
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3. Suppose you actually carry out both fits, with a data set consisting of 100 points. Should the
results be (a) noticeably different, (b) roughly the same, or (c) identical within the limits of the
numerical precision of the computation.
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(20) Sampling Statistics.
1. A physical quantity x is measured N times. Give expressions for its average X, its estimated
variance 5,2, and its estimated variance in the mean s 2. .2
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2. Jones measures x 16 times and obtains X = 35, 5,2 = 1 (units unimportant). If she now makes
one more measurement, the probability that she observes a value larger than 36 or smaller than

34 is about
(a) 0.50 (b) 0.68 - (d) 095 (e) 0.05 () >0.99 (g) <0.01

3. Now Jones repeats the entire experiment (16 measurements). The probability that she obtains an

X value larger than 36 or smaller than 34 is about e
(a) 0.50 (b) 068 (c) 032 (d) 095 (e) 005 (f) >0.99 /(g) :6@
4. Smith does the same experiment using the same equipment and procedures, but makes 100
measurements. Estimate his standard deviation in the mean and compare it with Jones's value
for the same quantity.
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5. Prof. Stern makes his entire class of 1111
students repeat this experiment, with each
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student making 16 measurements. He then
prepares a histogram of their estimates of sy2.
This histogram should resemble which of the
curves in the accompanying figure. Explain
your choice briefly.
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(12) Exror Propagation.
Cheatham and Howe carry out measurements of the vapor pressure of water from —20 Cto
20°C and estimate from their analysis of the data, AHyap = 40.738 + 0.107 kJ/mol and AHgyh
=47.597 +0.072 kJ/mol. Calculate from these data A?Ifus and its uncertainty, and give your
result with the correct number of significant figures.

2l = gy -2 o =(41.597 -

by
A = 6.8359 =
>

Sae, = S = (0.072) + (o. 07) = 0. ovbés

< Sakg, = 011 % = oH =6.851(12) o 6. 86(13)

4o7138) ‘ﬁt

2. Morely Smartt does very careful vapor pressure measurements on water and obtains AHyap =
44.000 + 0.003 kJ/mol, while Bud Wizer breezes through and obtains 43.0 + 0.9 kJ/mol. The
literature value reads 44.012 kJ/mol. Which of the two determinations — Smartt's or Wizer's
— is the greater cause for "concern"? Explain.
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A priori and a posteriori errors. In Problem Set 2 you fitted the 12 points in the data set
PROB1.DAT to a straight line through the origin, y = ax, obtaining the following results:

1. unweighted: 0, = 0.02883656, x2 = 23.782247.
2. weighted, oy; = 1.0: 0= 0.01961161, x2 = 23.782247.
3. weighted, oy;=1.5:  0g=0.0294174, x2 = 10.569.
Give a quantitative explanation of these differences.

wwtde Uses o pastoriavt o.85esswerk Vv = SbZ A"} e
WA e o pravk \ = () = xR , becanac
ng)-k =1 75 ovemed U pmsth Bk KT 2{’&/&\1 ik

mu,m V¢ 2 5 suthe ',,,«} fodq;lﬂg)
w3 S (1) 5(>)x33=ab)x()

= 3 0) x @B /)2 I G3) = 1.5x 3 (2) s
Ip K a%;

-‘b SJJN_,U’\



-5

IIl. (60) Short Answers to Tall Questions.

A. One of the compounds you studied in bomb calorimetry was naphthalene (Clng). (1) Giye a
balanced equation for the complete combustion of naphthalene in the bomb calorimeter, b_emg sure to
identify the states (s, , ) of all reactants and products. (2) Then obtain an equation relating AU' for
this reaction at temperature T to AH® at the same T. (3) Which of these did you measure in this
experiment?

(1 Cply (s) +100,(5) = 10 Co,(5) + 41,0(Q

(1) AH = all+ 2(P) = 2l + & (nRT)
= AU+ 20 RT
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B. The density of ethanol in the range 20-90°C can be represented as p = 0.76302 exp(bx + cx2 + dx3),
where p is in g/mL and x = 6(°C) — 50°C. (1) Obtain from this an expression for the thermal - -
expansivity a for ethanol in this temperature range. (2) The coefficients b, ¢, and d, are ~0.00118,
-2.262x10-6, and —1.3639x10-3, respeciively. Calculate p and o at 6 = 30.0°C.
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Les Cool carries out freezing-point depression experiments on a weak acid HA in water, obtaining a

freezing point of ~0.423°C for a molality of 0.2053 mol/kg. Using K¢= 1.855 K/m" and showing all
work clearly, calculate the fractional ionization & and the ionization constant K,. (Assume all activity
coefficients are 1.00.)

RA = |+ A K= O mo®
g (1m) Mok Mol m (1 -a) =

Astel mwa @ ogulibrom. is m()1+a) = m’
AT, = Kem D m = 00260 m]

1

= M _ 0.22% _ | = 510
o w ! 03033 | 7

G OKRo= 2.83x(6°

Inversion Kinetics. Honey Sweetwater studies the acid-catalyzed inversion of sucrose, using
polarimetry to measure the changing rotation of polarized light from a sodium discharge lamp. The
angle of rotation « is proportional to the optical path length, the concentration of solute, and to the
specific rotation [a]{. The latter is given in units degrees decimeter-! c-1, where the concentration ¢
isin g/mL. Values (in these units) for sucrose, glucose, and fructose, for measurements at the
sodium wavelength and 20°C, are +66.4, +52.5, and -88.5, respectively.

1. Help Honey derive an expression for the kinetics of inversion, which is pseudo-first order.
Taking the initial concentration of sucrose to be [Slo, express the concentrations of all three
reagents in terms of [S]o, ke, and the time ¢,
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2. Honey does her experiments at 20°C, using solutions that contain 75.0 g sucrose per liter, in a

polarimeter that has a path length of 25.0 cm. Calculate the rotation a expected in her
experiments (a) at the start (ap), and (b) after the inversion has proceeded to completion ().

@)y = [0 -0-c =664 ma5n0075 = [34°
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3. Obtain an expression for a(?), in terms of ke, the time ¢, ag, and ceo.

Al)= A + Be~ Kewt
A) = A+ B = o, 5O<°0=A D f=d,-d,

G AH)= oy + (do—d@)e‘k‘c‘w*
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E. Equilibrium and spectrophotometry. Justin Tyme studies an equilibrium complexation reaction of
form Iz + M <> [3*M by spectrophotometry at a wavelength of 350 nm, where only the complex
I2*M absorbs light . He uses absorption cells (cuvettes) having a path length of 1.000 cm and does
the experiments at 22.0°C in CCly4 solvent, which is inert with respect to the reaction and does not
absorb light at 350 nm.

Suppose that €350 is known to be 8.95 x 103 L mol-1 cm-1. Tyme mixes 1.00 mL of 0.330 MM
with 3.00 mL of 0.00136 M I, and measures an absorbance of 0.4566. (M = mol/L) Calculate (1)
the transmittance, 1/1,; (2) the concentration of I2°M; (3) the concentrations of M and I3 at equilibrium;
and (4) the equilibrium constant K

0 T=T/g = wh = 0.3as .
@) A=e-c-& > [N = Oqg“o ¥ = 510, %10

SQSM 3 L
@) L+M21MN (M, = L0330 =00%525 N
[12),= 2 -6.00136 N = 0.00102 M
G (1) = [Rl,~ 3% = 94420 ‘H’\

WB:: = [hy, - [P = p.0824s W

@) K= M= 0.439

Ay
F. G ition. Klthough many gas-phase thermal decomposition processes display first-
order kinetics, they are actually bimolecular in nature. .(1) Give chemical equations for the «
bimolecular excitation of A to A*, the bimolecular deactivation of A* to A, and the unimolecular decay - : ¢
of A* to products; and then use the steady-state approximation to obtain an expression for d[A*)/ds '
that can yield the observed first-order kinetics. (2) Define the characteristic times #1/3 and #3/2, and
express them in terms of the effective first-order rate constant k.
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