Chemistry 4130C

Instrumental Methods of Analysis

Fall, 2008
Problems (Midterm #1)

1.
For each of the following functions, scale, sketch, and label a graph of y vs. x.  Don't use a graphics calculator—the idea is to hand-draw the graph by looking at what happens in limiting cases (x → 0, x → ∞, etc.)
(a)
y = x

(b)
y = x2
(c)
y = 1/x

(d)
y = x1/2
(e)
y = 1/x1/2
(f)
y = exp(x)

(g)
y = log10(x)

(h)
y = exp(-x)

(i)
y = loge(x)

(j)
y = cos(x)

(k)
y = sin(x)

2.
Show that the root-mean-square number of steps away from the origin in a one-dimensional random walk, after N steps, is


 EQ \R(<(m – <m>)2>)  =  EQ \R(<m>/2)  =  EQ \R(N/4) )

3.  Show that the average distance away from the origin after N steps of a one-dimensional random walk is


 EQ \R(<y>)   =  0

whereas the root-mean-square distance away from the origin after N steps of a one-dimensional random walk is


 EQ \R(<y2>)   =  l  EQ \R(N) 
in which l is the length of a single step.

4.  From light-scattering measurements for a polymethylene polymer (i.e., a saturated straight-chain hydrocarbon), the root-mean-square end-to-end distance is determined to be 85 Å (i.e., 8.5 nm).  Assuming that the polymer is freely jointed and unbranched,


(a) Calculate the molecular weight of the polymer (remember to count hydrogens), given that an average C–C bond is ~1.54 Å long.


(b) In the actual polymer, the joints are clearly not free, since a given C––C––C bond angle is about 109.5° (tetrahedral).   Qualitatively, how will inclusion of this consideration affect the result of part (a)?

5.  If radioactive counting has been carried out for a period, t, how much longer will the experiment have to be continued to improve the precision of the measurement by 35%?

6.  Bortkewitch collected the following data showing the chance of a cavalryman being killed by a kick from a horse in the course of a year.  The data derive from the records of ten army corps for 20 years (200 entries):


No. of deaths/year
No. of corps-years in which



that number of deaths occurred


0
109


1
  65


2
  22


3
    3


4
    1


5 or more
    0


(a)  Show that the average number of deaths per corps-year is  EQ \O(––,m)  = 0.61.


(b)  Compare the observed number of corps-years in which a given number of deaths

occurred to that predicted from a Poisson distribution with  EQ \O(––,m)  = 0.61.

7.  A radioactivity counter gives a count rate of 1500 counts/sec for sample A alone, 735 counts for sample B alone, and 2082 counts/sec for samples A and B together.


(a) Calculate the dead time of the counter.


(b) Obtain the true count rates for samples A and B alone.

8.  2.0 grams of a test sample of pure X of known radioactivity, 1000 c.p.m., is mixed thoroughly with a sample known to contain some (non-radioactive) X.  A sample of pure X is then isolated from the mixture, and found to have a radioactivity of 150 c.p.m. per gram.  How much non-radioactive X was present in the original unknown mixture?  (Ignore backgound counts in this problem.)

9.  A certain photomultiplier tube has a gain of 106 –– that is, 106 electrons are produced for every photon that strikes the front of the tube.  If the number of photons hitting the tube per second is 4, and the time constant of the photomultiplier electronic circuit is 0.1 milliseconds, calculate the signal-to-noise ratio for such a signal.  (You may assume that the noise is dominated by shot noise from the photomultiplier.

10.  What is the signal-to-noise ratio for a circuit that carries 5 microamps of current with a bandpass of 20 kHz?

11. The diffusion coefficient for sucrose in water is 4 x 10–6 cm2 s–1.


(a
Calculate the average (root-mean-square) distance (in cm) that a sucrose 



molecule moves in one hour.

(b)
How long will it take for a typical sucrose molecule to diffuse from the



center to the outer edge of a blood capillary of diameter, 8 x 10–6 meter?  This 



result should demonstrate why capillaries have to be so small in order to carry 



out efficient exchange of nutrients and wastes between blood and surrounding 


tissue.












