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1. True/False----Indicate whether the following statements are True or False in the space
next to the statement. Make sure you carefully read each statement ! (2 points each)

Jree a) In gas chromatography, use of a quadrupole mass spectrometer as a
detector will normally provide better detection limits for determining the
concentration of given volatile organic solutes than a thermal conductivity

detector.

L%&Lb) The method of “standard addition™ for quantitating analytes is often used
when the sensitivity of the analytical instrument changes quickly over time
and/or it is difficult to inject the exact same amount of sample each time into
the instrument.

[rls< c) The currents observed with amperometric and voltammetric methods rely on
the mass transport of analyte species to the surface of the electrode by =~
electrostatic attraction forces, once the potential of the working electrode is
made positive or negative enough to pull the species toward the surface.

/rae d) In fluorescence spectroscopy instruments, it is typical to have two separate
monochromators to select the wavelengths of excitation and emission for the

fluorescent analyte species.

7___?"'*"‘;3) Ethylammonium ion is the conjugate acid of ethylamine.

Fels< f)The true pH of 2 0.01 M HCI solution will be lower in the presence of 0.05
M Mg.SO, added to the same solution than if it was absent.

F=lic g) The common ion effect will always cause the solubility of an insoluble salt
to increase, owing to the desire for the ion in common with one ion of the salt
to attract the oppositely charge ion of the insoluble salt.

Jf« € __h) Flameless atomic absorption is typically more sensitive than flame atomic
absorption because the atomization efficiency in the furnace method is much
greater than in the flame-based method.

éE @ Z"-‘ = i) When propagating errors in multiplying or dividing two numbers with a
— certain degree of uncertainty, the final uncertainty will be the square root of

the sum of the two % relative uncertainties squared for the respective
numbers.



fa:;éc j) Systematic or determinate errors in an analytical methods due to limited
selecuvity, matrix effects, improper calibration, etc., will always cause a
positive error in measuring the concentration of a given analyte, because such
errors are not random. .

2. For the following glass membrane based galvanic cell, indicate whether the overall

cell potential (EMF) would increase. decrease, or remain the same, for the actions
indicated. Assume that activities equal concentrations, that the glass membrane is
perfectly selective for hydrogen ions, neglect any liquid junction potentials, and assume
that the volumes of solution in each compartment are no more than 25 ml. (hint: recall
that E_, for such a cell consists of three separate potentials, in which the working
slectrode voltage includes the potential of the inner reference elecirode and the so-called
membrane potential; also note that the acetic acid is essentially the sample in which
thepH electrode and external reference electrode are placed!) (2 points each)

Ag/AgCl,, KCI (0.1 MY acetic acid (0.1 M) / glass pH membrane / buffer, pH 7.0, KCI (0.1 M), AgCl, /Ag

4 Dacx ==-< Adding 1 mL of concentrated NaOH (10 M) to the acetic acid solution (sample)

4 Lecyews<Adding 2 mL of concentrated HCI to a weak buffer (pH 7.0) solution used as the
internal reference solution of the glass pH electrode.

4 Lereess < Addition of 5 grams of sodium acetate salt (FM = 66) into the acetic acid sample
solution.

7‘ Jacreas< Addition of 2 g of AgNO, into the weak buffer (pH 7.0) solution used as the
internal reference solution of the glass pH electrode.
3. Multiple Choice Questions:--Please circle the letter next to the best answer for
each question (3 points each).

1. The Studens t-test can be used for comparison of an

expenimentzl mean with the tue value, at a cermin 2, Which does not affect the solubility iin gL ol an
confidence level. When the rtest reveals no significant insoluble salt in a solution ?

. e and r:hc v ST the number of grams of the salt placed in the solution
accepted confidence level, the implication is that

(B) the temperature of the solution
(C) the ionic strength of the solution

(D) the presence in the solution of an ion common to the
insoluble salt

{A) )no significant systematic error is likely to be preseat.

(B) =2 random emor is aot likely 1o be present.

{C) the random ervor is likely 10 be less than the
SyStematic ermor.

{D) = &fferent confidence level should be tested.



\&’msaemmnﬂyuam:murumnics_peciﬁby

wmwmhbwma!yuammof

molecular species?

{4) Asomic species do not have side reactions.

(B} Molecnhrspeciudommm_lightl. 2

(C) Molecules are Jacger. therefore more difficult to
znalyes. :
wgpemlhummmﬁmmammlcrm
resolve than the features of molecular spectra.

cas: amawgs of sample preparation?

(A} ¥—wjble speciromeTy

(B fucrescencs SpeCROSCODY

(C) som exchange chromaagraphy with UV detection

@mkwwm

£ The chyomium on the Molar Mass. M
s=facsof apiece of Cr 51.996 g-mol~!
ssiomobile UE w3

Sissolved with hydrochloric acid and diluted to 100.0 mL.
A 2500 mL aligoot of the resulting solution was buffercd
w0 pH 5. and 50.00 mL of 0.00862 M EDTA was added.
Tization of the excess EDTA required 9.62 mL of
001247 M Z2*" Caiculate the mass of chromium on the

peccof mim.

Sy ooezs (B) 0.02245
(C) 00624 ¢ (PDoosiTs

&. A solstion of Caly® Bas 2 ransmittance of 19.8% at 475
.:::in;lmgmcel;_mmowabwrpdvityfatlhe "
mpiaxdﬁsu-:hngthiss.ﬂxm‘bmot_' eml.
Wbshzhcmonofcm‘inmesaluwn?
(A} L10x1B5M (B) 196x105M

(52 % 105 M (D) 784 x 108 M

7 A 00100 M solution of Molar Masses. M —

-:,:c(}, has 3 cOmCERIROR | A 108. g-mol i

.-}5"_:&-‘ ion eguivaicnl 10 AgNO; 170. g-mol”
¢A) 1080 ppb 1080 ppm
€) 1700 ppm (D) 10.0 ppm

%, A solution is

F{) - . ’_p_

Frtatar- ik rmation I|:on;:’a.nt_ fi;l; lzlz(EDTAi

* 250 mL of < RIBRLL.
0.0500 M Ni* and 25.0 mL of a 0.0200 M EDTA and
buffered to a pH of 8.5. Calculate the concentration of free
Ni?* in the solution.

7 (A) 1.00x100M 1.sox|o~2M

(C) 250% 102 M (D) 70x 1072 M

g A sample Colors uf Species
?Oalalmﬂa 9‘::"’ (Caln™) wine red
is titrated wi (Haln) red
EDTA using I" (HIn*") blue
Eriochrome

g, L) o

titration solution | lata for Species
s buffercd 0 a K¢ TA)> =5.0x.10'0

pH of 10. Which i
color change will K¢ Caln~ = 2.5 x 108
indicate the pKa(Hsln) = 6.3

pK3(Hiln) =11.6

/%, Which tigation

//. + How many moles [Dissociation constant for CgHsCOOH

endpoint of the
titration (H3In = Eriochrome Black T).
(A) orange — wine red @ wine red — blue

(C) winered — orange (D) blue — wine red

Dissociation constant for HSO 4~
curve most

- 7]
closely K, =126x 100
approximates that expected for the complete titration of a
solution of aqueous sodium hydrogen sulfate, NaHSOy,

with aqueous NaOH?

(A) 14 (B) 14

pH pH
7 7 ;

0 0

volume NaOH

volume NaOH
@ 14 (D) 14
pH : pH
q 7
0 0

volume NaOH volume NaOH

of NaOH must = 5
you add to K, =628 x 10- i
-0.500 mol of benzoic acid to make 1.00 L of a pH 4.50
buffer?

(A) 1.000 @ 0333 (C) 0250 (D) 0.170

—




/<. The isothermal gas chromatographic separation of a I-
mixiure of three compounds produced retention times of -
0.95 min, I.15 min, and 8.40 min. The best means to
shorten the analysis time without sacrifice of resolution

would be to use

(A) 2 longer chromatographic colymin.
(B) acolumn operated at a higher isothermal temperarure.

@mpeﬂ:m programming of the column,
(D) increased flow rate of the mobile phase in the
column.

/23 Which compound is expected 10 have the greatest retention
ume in a reversed-phase HPLC column?

(A) sodium acetate, CH,COONa

(B) phenol. CH,OH
(C) butancic acid, CH,CH,CH,COOH

( (D) )-dodecane, CH,(CH,),iCH,

/9: ﬂum:ﬁtyofﬂwmmhrﬂumumofacompound
is related to 2ll of these parameters except

{A) the power of the excitation radiation.
(B) the ﬁm quantum efficiency of the fluorescing

molecule.
@: molar mass of the compound.

(D) the absorptivity of the compound.




Problems

4. A known mixture of compounds A and B gave the following peak areas when
separated on 2 GC column: 4.80 cm® and 5.40 cm’, respectively . The concentrations. of
each component in the known mixture was exactly the same: 230 pg/mL of A and 230
pg/mL of B. An unknown sample containing A was spiked with B by mixing 1.20 mg of
B into a 10 mL sample containing A, and diluting to 25 mL. A sample of the resulting
mixture was injected onto the GC column, and this resulted in a peak for A that had an
area of 3.30 cm® and for B, 2.20 cm’. Find the concentration of unknown A compound

in the r:rriginal samjple? ) ;,,.( J /,_...’ H{ A% . g Lo ,./O.nyf |
= safiv a/fﬁ!ﬁffufﬁf“f = E.f-?- .95
[_ /

74 ) /Mf OMHE. (RS Sare S
5 Ard o st Sl

[S(] [2;3 /j;;; - éffu-:é;z/?lf/

L4

i -’i-“i o~ LRt 2 20

£ - C.827 wew 48 2slnf
[A3 = f/i [ ; freeces fu-r(e wes Aifoctect rﬁ/oﬂ/_g;f..,
Al = u?_f)‘-ffé-tg(‘ Eq&tféc r f o

5. Sketch the desggn of a Clark Style oxygen sensor that is used to measure the pa.mal
pressure of oxygen in blood samples and explain the role of each component. Is
measuring oxygen with dcvu:e an amperometnc or voltammetric type measurement?

Why? (8)
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6. Pointing to various terms in the Van Deemter equation, explain why the ‘optimal linear
velocity of mobile phase used to achieve the largest number of theoretical,plates in gas
chromatography (with packed column), will generally be much greate‘fq}J ve]oc:ty
required to achieve the largest number of theoretical plates in a liquid chromatography
experiment with a packed. (8)
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7. Carbonic acid, H,CO, has two pKa values, 6.35 and 10.33. Sketch the titration curve
you would expect to see if a 50 mL solution of 0.05 M of Na,CO, is titrated with a 0.50
M HCI. ~Make sure you label your axes (pH on y axis, mL HCI on x axis) and try to

draw the titration curve starting pH, endpoint pH values, etc. to a close approximation to
the true curve you would anticipate obtaining (assume activities equal concentrations)..
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When using release of low levels of nitric oxide (NO) to prevent clots from forming on
the surface of intravascular sensors, what types of cells within the blood stream are
inhibited by the presence of a local increase in the NO level (2). What is the name for an
organic adduct structure between NO and secondary amines that can be embedded in
polymers to create polymers that continuosly release NO for extended time periods (2).
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