CHEMISTRY 107 Fina Name
SECTION 03 8:00 am - 9:50 am Monday, December 8, 1997

1)

(2)

For full credit, please show al work clearly.
The following equations describe aformation (i) and a decomposition (ii) of phosphoric acid:

() PHa(@  +  20:(Q) - > HPOL(9)
(ii) 4HsPO; (5) ---------- >POw(s) +  6HO(9)

(a) Please use some of the following datato calculate DH ° for (i). (5 points)

DH(® PH3(g) = +5.4 kdImole  DH° PsOyo (S) = -2984 kImole
DH;° H3PO, (s) = -1279 kmole DH;” H20(g) = -241.8 k¥mole

(b) Please use some of the data above to calculate DH ° for equation (ii). (5 points)
(¢) Now, please calculate DH ° for equation (iii), shown below (5 points)

(iii)4PHs (9)  + 80; (g) ---------- > P00 () +6H,0 (q)

(d) Please represent (i), (i), and (iii) together on an energy level diagram. (5 points)

(e) For reaction (iii), 6.800 g of PH; (g) is combined with 12.00 g of O;
which is the limiting reactant? What is the theoretical yield of P,O10? (5 points)

(f) Please assign the principal intermolecular force which is operating in the molecules below:
(5 points)

(g) IsPH3; apolar or non-polar molecule? Will it dissolve appreciably in water? (2 pts)

(h) Will NH3; be more soluble or less (in water)? Please explain. (3 points)

(i) Phosphoric acid (9.80 g) dissolvesin C,HsOH (50.0 g) at 19 °C. Please calculate the vapor
pressure of this solution, given that the vapor pressure of the solvent is40.0 torr at 19 °C.
(5 points)

() What isthe osmotic pressure, intorr, at 19 °C, of a0.0500 M solution of phosphoric acid in
C,HsOH? Why is the osmoatic pressure of a0.0500 M solution in ethylene glycol, C;HgO,
the same at 19 °C? (5 points)

(Please assume R = 0.0821 Latm/mole/K)

(@) Please calculate the wavelength (in nm) of the photon emitted as the electron falls
from the n=7 level to n=4 in the hydrogen atom? (5 points)

(b) What is the energy of this photon, in J? (5 points)

(c) What isthe energy of this photon, in kJ/mole? (5 points)

(d) What region of the electromagnetic spectrum isthis radiation in? (5 points)

(Please assume: ¢=3.00 x 10® m/s; Rydberg constant=109678 cm'*; h=6.626 x 10°** Js; and
Avogadro’s# = 6.022 x 10* things/mole)



(3)

(4)

5)

Equimolar amounts of the gases N,O3; and N,O are combined in avessel of volume 882.6
mL at 298 K, and the vessel is sedled. The gases react together very slowly, but completely,
to produce 12.00 g of NO(g). (Please assume R = 0.0821 Latm/mole/K)

(@) Please write the balanced equation. (5 points)
(b) What are the names of all these gases? (3 points)
(c) How many moles of NO are produced? (2 points)
(d) What is the pressure in the vessel after the reaction is complete? (5 points)
(e) What was the pressure in the vessel before any N,Os and N,O reacted? (5 points)
(f) After thereaction, 1.401 g of Ar (g) isintroduced, and the vessel resealed; this gas does
not react with NO. What is the new pressure in the vessel, at 298 K? (5 pts)
(g9) The vessal isthen heated to 337 K; what is the pressure at this temperature? (3 pts)
(h) What are the mole fractions, “X”, of NO and Ar? (2 points)
(i) A small valve on the vessd is then opened and the gases allowed to escape:
what isthe rate of effusion of NO relative to Ar? (3 points)
What is the name of the relevant “gas law” here? (2 points)

(@) Please draw a Lewis structure for the nitrate ion, and show possible resonance
structures. What is the hybridization at N? What is the shape of nitrate? (5 pts)
(b) Please draw Lewis structures for the following molecules, and ions:

PHs; S= NO,": SCl,; BeCl,>

Please give the hybridization at the central atom in each, the molecular (or ionic) shape,
and the direction of a dipole moment, if there is one. (30 points)

(c) Please encircle the molecule which possesses a permanent dipole moment from each pair
below: (5 points)

(I) CO, COz (II) SOz, SO3 (III) PH3, NH3 (IV) HzCO, CH4 (V) SnC|2, BeC|2

() What isthe molarity of 96.0% sulfuric acid, H,SO,, given that its density is 1.84 g/mL?
(5 points)

(b) What isthe molality of the above solution? (5 points)

(c) A personismaking tea, and dissolves 34.23 g of sugar in 152.0 g of water before the
water boils. The boiling point of the water is then observed to be 100.33 °C. Please
calculate the molecular mass, M, for the sugar, given that K, =0.51 °C/m for water, and
that the water itself would have boiled at 100.00 °C. (5 points)

(d) Based on the experiment above, is C;,H,,01; areasonable molecular formulafor the
sugar? What is the empirical formula of the glucose molecule, CsH1,06? (4 points)

(e) What isthe freezing point of the sugar solution prepared above? Please assume that Ky
=1.86 °C/m for water. (3 points)

(f) At 20.0 °C, the vapor pressure of ethyl acetate is 72.8 torr. What is the barometric
pressure (in torr) on aday in Monroe, LA, when the boiling point of ethyl acetateis 77.0
°C? Please assume that for ethyl acetate, DH, 4, = +35.8 kd/mole. (8 points) (Please
assume R = 8.314 Jmole/K)



(6.

(7))

(a) Nitrate ion reacts with metalic tin in agueous acidic solution to produce stannous ion
and ammonium ion. Please determine the balanced redox reaction. (5 points)

(b) Suppose you wish to separate and collect the stannous ion by precipitation. Name three
ions you could introduce to effect precipitation of a stannous salt. (3 points)

(c) Please write anet ionic reaction for the precipitation with one of your ions above (2
points)

(d) Please draw the Aufbau diagram for the element tin. (2 points)

(e) Please encircle and identify the core and vaence electrons on the diagram immediately
above. (2 points)

(f) Please write the short-hand electronic configuration for lead (Pb)? (2 points)

(g) Isthe lead atom larger or smaller than that of tin? (2 points)

(h) Gold and silver both “borrow;” please write their short-hand electronic configurations.
(2 points)

Please correlate identity with melting point by writing the best matching letter in the space
given below, using each letter once only: (5 points)

melting point (°C) identity
1495 (A) duminum
63.3 (B) potassium
3550 (C) neon
660 (D) carbon
-248.7 (E) cobalt

Please encircle the one with the lower boiling point from each pair below: (5 points)

(@) Ne, He (b) H2O, H,S (¢) Cly, Br, (d) HCI, HBr (e) SO,, Os



