Chemistry 236 — Hour Exam
December 2, 1998 — Tellinghuisen

Honor Code Pledge: 1 have neither given nor received aid on this exam.

{Signature)

I. (35) Least Squares. Statistician Marge Inovera has collected some data (x;,y;) which she thinks
should follow the relationship, y = a /x2 + bx2.

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-free.)
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B. Suppose the fit has been carried out and the values of a and b determined. Give an equation Marge
can use to compute the estimated variance in y, syz. (Be specific.)
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II.  Error Propagation, Confidence Limits, etc. Do 2 and ONLY 2 of the following.
{Note: They are not all equal in point value.]
A. (25) lem is a conti
1. Fora2x2 matrix A = ( 1:_ 2) , the inverse A-1=D-1 ( _i _g) , where D is the determinant,
D = ps — qr. Give expressions for the estimated variances (s42 and sp2) in the parameters from
the least-squares fit of data to y = a /x2 + bx2. (Your answers should be in terms of the
quantities obtained in your solution to Problem I, including syz).
2
A 2
\ = s Csbo vV, os = U
v \3 P,E, ) a (18 /I v A
1 4 L
D= (Tw)@#)-N
z (A
z S
2 S %
S = .3 x ST EE IRV
(78 D A ) b D +
2. Describe 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 ¥; 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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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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B. (20 D. (30) I Walker studies the temperature dependence of a certain first-order reaction and obtain§ k=
1. A desired physical quantity z can be expressed as a ratio of two intermediate quantities x and y, 2.87(9)x 104 51 [i.e., (2.87 £ 0.09)x 104 s~1 ] at 22.0°C and 11.49(44) x 10~ s~1 at 35.0°C.
viz. 7 = x/y. Suppose that x and y are in turn obtained from measured quantities ¢, u, and v,

i inty i mperatures, calculate the activation energy E, and its
according to x =t u2/vandy=tuv. 1. Neglecting any uncertainty in the tempe: gy Eq

uncertainty for this reaction in kJ/mol, and report your answer with the correct number of

(a) Express the relative uncertainty in z in terms of the gelative uncertainties in ¢, «, and v. significant figures.
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(b) What is the percent uncertaintity in z for percent uncertainties of 3.0%, 5.0%, and 2.0% in ¢, a Y - T
u, and v, respectively. T T’b]
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(c) Suppose you discover a systematic error of +2.0% in v. What is the corresponding percent ¥ _ -
systematic error in z? N G i&_ - (0.0014'5) * - 0.035¢8 = MM_J\ ot Uy Eq_
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pé ~ G/}- )AU = - 25— a2 S A_s_ = - & .‘_‘3 = - L},O 70 2. Now suppose that in addition both temperatures are uncertain by 0.8 K and repeat the uncertainty
IV a3 > A calculation.
2. Give answers to the appropriate ngmber of significant figures (follow normal rules here!):
(@) 9.0xmx4.000= |:\3x 107 (b) 71.1113 - 2.000000x103 + 3.57x103 = - |4 2¥.385 Now £ = £(T, ,T2) s dlso wadeis | &
© Wm@En= |13 (d) 529+2.000= 264 .
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C. (15) I B. Thoro measures a quantity y 250 times and obtains an estimated mean ; =46.2311 and
an estimated variance s2 = 19.7442. What error limits should Thoro quote for 80% confidence in his
mean? (See integral table below, last page.) Using this confidence limit, state his average and its —‘—
uncertainty to the proper number of significant figures.
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III. (30) Short Answers to Tall Questions.

IV. (40) Experiments. [DO 2 ONLY — 20 points each.]
A. Inseveral of the experiments in the laboratory, you used a vacuum system, and in each case the

i i D i i i i A. Equilibrium and spectrophotometry. May B. Knott studies an equilibrium complexation reaction of
system was equipped with a cold trap. What is the purpose of this device? More specifically, (a) . .
What does it do? (b) How does it accomplish this? (c) Why is it included in the system? form Ip + M & [*M by spect:ophotome:try. She is able to ascertain that only the uncomplexed
lid(S 4 | reagent I (not M and not Ip*M) absorbs light at 500 nm. Conse)q;eqtly she ‘;,klle;:ts t?h mgqxt&; ‘t:hnel The
G \ . equilibrium at that wavelength, using absorption cells (cuvettes) having a path lengtn of 1. .
( ) o e s ezpcriments are done in CClg solvent, which is inert with respect to the reaction and which also does
Q)) S “" U'W'a Low T.+ Q%"I"L UL MAST Sujoshwu (’M a V 64:-4[\“3(5 not absorb light at 500 nm. The experiments are conducted at 22.0 C.
' e . . . .
mal | Wft# ress wik i 11,\; - 1. Give an expression for the equilibrium constant K for this reaction, in terms of the
S P / dﬁfssﬁ' dr Tt"" 5[”‘" w“s oL ‘S”Q“‘A . concentrations of reactants and products.
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B. A pycnometer is weighed in air on an analytical balance, yielding 39.601 g. It is then filled with
water at 20.0°C (p = 0.998206 g/mL) and reweighed, yielding 138.111 g. Finally, it is filled with an

unknown alcohol and weighed, yielding 114.578 g. Calculate the density of the unknown alcohol ining iust I» in CCls at a concentration of 8.50x10~4 moV/L yields a
(a) neglecting the buoyancy of air, and (b) taking the buoyancy of air into account. (The density of air Z A cuvette containing just I in CCly

may be taken as 1.19 mg/mL, and the effect of buoyancy on the balance weights may be neglected.) transmittance T (= /o) of 0.226 at A= 500 nm. Calculate the absorbance A and the molar

(@) %M (ofper) = 13N - 326019 = QRS = \Jw= ”,%fl: 92.6%TmL

absorption coefficient € for Iy in CCla.
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() V = q ? %O 4 7 ML ') /’M L = 75 .09 4 4 3 -:> 3. A solution is prepared having initial concentrations [I2]g = 9.75x10~4 mol/L and [M]o =
’ 1.755x10-3 mol/L. After equilibrium is established, a cuvette containing this mixture yields T
(‘) = 0.76 OOl,,i E / Un 3 =0.682. Calculate the concentrations of all three substances in this mixture and use these
. concentrations to evaluate X, for the reaction.
C. In analyzing our vapor pressure data for water, we assumed that AH, vap Was independent of .

temperature. Over an extended T range, this becomes a poor approximation. Suppose we include the 1 2 + ‘J\ &« I;_' M
T-dependence in AHp, vap by treating ACp (= Cp,m,g — Cp,m,)) as independent of 7.
1. Obtain an expression for AHp vap(7), in te’nrns of ACp and AHp, yap at the triple point. 0,)\ zi 0 : [T’L’.\o - ¥ m’go_. X X

W

Sy g (1) = 28, M QxS 4CpdT = My OI0R) e £G (2734 ¥

4
anle [’\:bng _LA_\_ ._.—Q‘l’slo(o.(;%'-ﬂ = J.{X-?)L(O m%

2. Use this expression to obtain a version of the integrated Claussius-Clapeyron equation that could L 120 o0 un 4
be used to analyze vapor pressure data to obtain ACp and AH, 273.16 K). = "
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Les Cool considers using freezing point depression to study aqueous solutions of weak and strong

acids. To check out his procedures he first uses acetic acid, for which K, = 1.75x10-5 mol/kg. (This
K, is improperly called K, in the lab text.)

Calculate the fraction dissociated & for a 0.200 m° solution of acetic acid. Then calculate the
freezing-point depression for this solution. (Kr= 1.855 K kg/mol; assume activity coefficients

are all 1.00.) ) -
HAe + 0 <o Hpo' + Ac

m (- ) ol ko * e
K = £ (H30%) @ (Ac) W (H,00) e (AC)
“ a (HhAc) ()
- ot o

mG-a) -4

M= b.200 w’ = ot = 0.0093 = m'= m(1+a)
G'= 0.3019 4> B £T = K, ' = 0,374, K

Based on your experience with this apparatus, do you think Les can succeed in determining K,
for an acid as weak as acetic acid or weaker? Explain.

wo diwscalia , LT = Ko = 0.371 K
T sl £ Ao Dufrmding bt K, 7 adoind tn o

swoll L diffoare. 0.003, K. T, 7 cbad %“/’“‘B“;”*
fr Mot . W slmane §v colibrdia wmedtaice
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Calculate the freezing-point depression expected for 0.250 m® HCl (a) taking activity

coefficients to be 1.00, and (b) taking into account the predictions of the Debye-Hiickel theory.
(See table of o and ka values given below.)
0.928 X

@) sT = »m Ko = 2x 0.asom’x |55 N
) 5T = vm K N '
9, * | - 0.38 M, 5 Ka 2 m' =05
6 4 = 05376 —> Ay X 0.89%
G T = 0.833 K
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TABLE 1

K 020 028 0.30 0.35 040 045 0.50 (155

o 07588 07129 06712 06325 05988 0.5673  (.5376
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C. Bomb Calorimetry. Strangelove uses bomb calorimetry to measure the heat of combustion of an
unknown substance. The instrument is calibrated using benzoic acid (Qspecific = —26.413 kl/g at

25.0°C) and Fe fuse wire (Qspecific = —6.68 k1/g), and for each run is filled with 2.000 kg of water
(cp=4.1796 § K- g~V a1 25.0°C).

1. Inone experiment at ~25°C, 0.923 g of benzoic acid yields a temperature rise of 2.584 K. When
the bomb is opened, Strangelove finds that 34 mg of Fe fuse wire has been consumed. Calculate

(a) the total combusion heat for the benzoic acid and Fe; and (b) from this the heat capacity Cp of
the calorimeter.

La) Qﬁ’x = eru_/BA"/V’\éA = - ;4.37ﬁ‘ kT g ,\—M-_ —ll}é, k‘y
Gre = Qspo,fe*Mp = - 0.337 kT
(b) QR,_O = S MH,}‘ sT = 4.179¢ %le,ooouozj < .SE4K = 21.600T

GOy = 3.00 kT = Cpat T 9 Cpaaw = 163 &

3
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2. Benzoic acid (M= 122.13 g/mol) is C¢HsCOOH. Write a balanced equation for the complete
combusion of 1.00 mol of benzoic acid in oxygen.

CoHsCOOH ) + £0,6) = 70, G) + 3H0()

ohe. o
3. Calculate AU (AE in SGN) and AH for the complete combusion of 68 mol of benzoic acid in
oxygen at 25.0°C.

LU= M~ Qs(m_ = ".3215‘8’; k3 |
ath = AU+ o () = sUE ERRT
sz SNy, =(7‘!—§>M = — sl

Table 4-4. Error Function | erf (1) from 0 o t and Ordinate Values
oS u - 4 M KT

G0 = (1 VInpe -t

S it

- i E
=
am
= -32%7.0, k3 o
6 pa.
perf() G Jert (o Gy

' Ara  Oddinate ¢ Area Ordinate
0 0 0.3989 20 0.4773 0.0540
ol 00398 03970 21 0.4821 0.0440
02 00793 03910 22 04861 00355
03 01179 03814 23 0489 0.0283
04 0.1554 03683 24 04918 00224
0s 0.1915 03521 25 04938 00173
06 02258 03332 26 0495 00136
- . 07 0.2580 onn 27 04965 0.0104
Fundamental Constants and Conversion Factors 08 02881 02891 28 04974 00079
09 0.3159 0.2661 29 0.4981 0.0060
1.0 0.341) 0.2420 30 0.4987 0.0044
Ny = 6.0221 37%1023/mol ¥ 0.3643 0.2179 31 0.4990 0.0033
- - ) 12 03849 01942 32 0.4993 0.0024
R=8.31451 ] K-! mol-! = 0.0820578 L atm K-! mol- ; 13 04032 0IM4 33 04995 0.0017
s ' 14 0.4192 0.1497 3.4 0.4997 0.0012
R = 33%10° Pa & 0.4332 0.1295 35 0.4998 0.0009
Fatm 10133107 P2 1.6 0.4452 0.1109 36 0.4998 0.0006
tcal=4.184 ) 12 04354 0.0941 38 0.4999 0.0003
1.8 0.4641 0.079%0 40 0.5000 0.000t

1.9 04713 0.0656 a4 0.5000 0.0000




