B
oY%

— IS

Batman and Robin in Chemistry

(Adapted from activity supplied by Larry Duberich. Used by permission of American Chemical Society. See first reference
in References section.)

Batman uses pellets, which he does not identify, to neutralize the acid in the tank into which he falls. He does
not give the size of the tank. Suppose the pellets were NaOH and the tank was 3.00 meters in diameter filled with
98% sulfuric acid by mass to a depth of 1.25 meters (see transparency).

Perform the following calculations and show your work.

Calculate the volume of acid (in cm3) in the tank. (The volume of a cylinder is T[r2h.)

Calculate the mass of acid in the tank, then find the number of moles of H,SO, present. (Concentrated
sulfuric acid is 98% (by mass) H,SO, and has a density of 1.84 g/cm3.)

3. One mole H,SO, produces two moles of H™ ions. With this in mind, write the balanced equation for the
neutralization of NaOH and H,SO, . Determine the number of moles NaOH required to neutralize the
acid in the tank. What mass of NaOH is required?

4. The heatof reaction for neutralization of a strong acid and a strong base is —57.3 kJ for each mole of H,O
formed. How much thermal energy (in kJ and J) was released in the neutralization reaction?

5. Iftheinitial temperature of the acid bath was 20 °C, how much thermal energy would be needed to raise
the temperature of the mixture in the tank (NaOH + H,SO,) to 100 °C? Assume the mass of the solution
is the combined masses of the H,SO, and NaOH. Also, assume the heat capacity of the liquid in the tank
is 4.184 J/g.

6. Was all the generated thermal energy (Question 4) used to heat the liquid in the vat to 100°C (Question
5)? After water reaches the boiling point, an additional 2260 J/g is required to vaporize it. How much
water was evaporated by the heat generated in the reaction of NaOH with H,SO,?

(Ignore the boiling point elevation.)

7. Inview of answers to Questions 3 and 6, how likely is it that the comic strip author passed high school
chemistry?




~e-WHICH MEANS "THE HIGHLY-TRAINED ANIMAL CAREFUL, BATMAN! | NO TIME

AT WomaN LEAPS FROM THE SLIDE OVER IT MAY BE A TO BE
B OUR FELINE FRIEND IS GOING AND HER COHORTS THE WAITING VAT OF DEADLY ACID! TRAP! CAREFUL!
THROUGH THAT wiwpow!  AMUST BE WSiDE! g
T A~
) »
-’-«%"’w
A .
N

DON'T SLIP BATMAN!
THAT VAT OF ACID IS

- TH GOING /X!
‘:ﬁ.‘ﬁ"” AT LEAST I MAY )/
- ':-ff BE ABLE TO BUY // B4rsan !
A< 8%
CERTAIN OEATHS g

A OON'TY

I CAN'T
EVEN GET TO
MY YTHITY
BELT! BUT---

Z P L Aad>uw

Dees THIS
SELFLESS
SUPE TO
SAVE HIS
SIDERICK'S
SKIN MEAN
CURTAINS
FOR THE
CAPED

CRUSADER?

BUT AT LEAST WE'LL WHY...IT'S | WATER AOW, ROBIN: T HADA
BE TOGETHER IN ,_»"| | NOTHING | 7O GAMBLE THAT THE

DEATH As WE 3/ 4 BUT---, / NEUTRALIZER-PELLETS IN MY
‘:JERE IN HFES A 7 WATERZ / UTILITY BELT WOULD RENDER

WENT INTO
THE ACID-

R VAT TO SAVE

P Y LIFE---
i- AND HIS
SJF SACRIFICE

R was W vamw/

Z P L Aad>uw

Vouee"
NOT our
OF THE
woops YET,
MEN ! THE

STAINLESS

STEEL

TWO - MEN
GUILLOTINE

GADGET ST/iL

Awairs you!

Used by permission of American Chemical Society (see first reference).
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