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Useful Equations: 
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2 (Ty = J~~ N Li Yi - y pH = - og [H ] CTy = ~ CTu + av CTv + ... 

The samp le standard deviation for N sampl es is (j X = J N ~II. I ( x , - X r 

R = 0.08206 L·atm /mole K 

R = 8.314 J/ mole K = 1.987 cal/mole K = NAks 

lnKeq = - tsH0 /(RT) + ~S0 /R 

SEM =.!!.... 
✓n 

NA= 6.02 x 1023 particles /mole zepto -atto-femto-pico-nan o-micro-milli-c enti-d eci- base 

°C = °K - 273 .15 P(v)dv = Cv2exp(- mv2/2kT) Ink = (-E a/RT) + In A 

pH = pKa + log([A -J/ [HA]) Kp = Kc(R1) 6° Kw= [H+][o H-J = 10- 14 

Absorbance = E:cl'= log(I o/1) PV = nRT 

pKa = - log(Ka) pH(e.p.) = ½ (pKa1 + pKa2) 
Honor Pledge: At the end of the examination time, please write out the following sentence and sign it, 

or talk to me about it: 

" I pledge on my honor that I have not given or rece ived any unauthori zed assistance on thi s exami nation." 
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1. Absorbance and Fluorescence (38 pts): 
(a; 8 pts) Sketch the different spectro meter geometrie s for the excitation beam and the observed light for 

absor bance vs . fluor esce nce spectrometr y. Explain why we collect fluorescence emis sion at 90° to the 
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(b; 6 pts) For simple imaging of fluor esce nce from a 
spec imen , scatte red light and fluoresce nce emerge 
from the sampl e together; on ly the floresce nce is 
show n in the picture at the right. What do you think 
the "e mission filter " in the light path does , and why is 
it necessary? 
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( c ; 8 pts) Draw a sketch and explain why the number of photons absorbed by a sample is NOT proportional 
to the numb er of absorbin g molecule s in the sample , except for very dilute sampl es . 

~ - f;_wv ,91-.~ s J-lf-ft...,-,.,-t_ w ~ /4,.,.k,.,__ 
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(d; 8 pts) Why is an absorbance reading >3 likely to be meanin gless (for ou~ cs)? How can you obtain an ;... 

accurate absorbance reading for such a sample ? (:tY 
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(e, 8 pts) Sketch the absorbance spectrum that your group obtained in the egg lab, in which we used 
phenanthrolin e to chelate iron and give a red color. For the sample spectrum shown, explain why the 
absorban ce value at the top of the middle "peak" doesn' t mean 
much and what might have gone wrong in the workup. 

Ph-Pt!-~~ 
l- (' ~ , ~-· 

+31fw-ctd' 
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Score for the page __ ....... /_'2---t~-
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2.0 ± 0.3 Accuracy, precision, error analysis (25.0000 ± 0.0001 pts): 2 -M:,J-0'-1---<Xc<t, t fv P .... +-{c.) 
( a; 17 pts) You perform three measurements of absorbance for three 1 :5 dilutions of the same stock solution 

of a dye, and record 0.7822, 0.7964 , and 0.7633. What is the estimated mean± SEM of the values (for a, 
use the formula with the N-1 )? Given that the original stock solution is at 1.451 ± 0.003 M, calculate the 
extinction coefficient of the dye and report it to the appropriate number of significant figures ± 
propagated uncertainty to one sig fig. Path length = 1 cm, considered exact\ 
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(b; 8 pts) From looking at the experimental values , do you think their uncertainty was due to uncertainty in 
the spectrometer reading or to random pipetting errors in the dilution step , and why? Describe one 
additional experiment you could you do to test your conclusion . 
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3. Spectroscopy (18 pts) 
(a; 6 pts) On the Fra nck-Condon diagram below, add in two lines, repre senting the proce ss of absorption of 

a UV /vis photon followed by fluor escence . So and SI are the ground electronic state and the first exc ited 
electronic state respectivel y. 

Energy 

"Molecu lar geometry " 

(b; 12 pts) Refe r to your diagram to explain why fluorescence emission is to the red of absorbance ( or 
fluoresce nce exc itation). The "Stokes shift" is the energy difference between the absorbance Amax and the 
fluorescence Amax- The Stokes shift is different for different molecules. Sketch a Franck-C ondon diagram for 
a different molecule corresponding to a larger Stokes shift than the molecul e in (a). Speculate on possible 
physical origins of the large shift (many possible answers). 
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4. Random lab questions (19 pts) 
(a; 6 pts) If yo u run an enzymatic reaction until all the conce ntration s stop changing and then add additional 

substrate, explain what should happen if everything is go ing we ll. If, instead, nothin g actuall y happ ens, 
give a poss ible explanation. 

- 1)-e,v{ -M'lb-rl'N ~ 1" O'!-,~ J ~I _,,{z_ 

-~ CY" ~ l,i~, "10 ~ --st.\!,~ @w ~>'¼-i 
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(b; 5 pts) What was the basis of our mea surement of the remaining N AD+ concentration in the alcohol 
dehydrogenase lab? (EtOH + NA O+ ~ ace taldehyd e + NADH) 

@r N'lT) ' j , [ N It~ -tJ ;t,.,'M\ - [ NI'( Orlj / ~ iJ>fl) K J , ~ ,-
~J,rv bvu J 3 l{<l fl WI • 

g 

(c; 8 pts) In the rhodam ine lab , the measurement of concentration of the Z 
form shown at the right is based on absorba nce, and the [L] is calculated by 
diff erence. Imag ine that yo u used a lot more of the stock than yo u thought 
you did for one meas ureme nt. How could this give yo u a phys ica lly 
imposs ible number for [L]? How cou ld we modify the exper iment to fix thi s 
prob lem? (H int: one poss ible so luti on invo lves the use of ex pensive and 
frag ile quart z cuvettes that allow mea sureme nt in the UV .) 
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