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1) [3 points] For each of the following items, determine whether it would be most appropriate
to measure in nanometers (nm), micrometers (um), or millimeters (mm). Circle your answers.

a. The width of a sodium ion: @ um mm
2 |
- b. The width of a human hair: nm pm @
c. The surface area of a single bacterial cell: nm? @ mm?

2) After completing PhySci7, you land a job at Thomas Keller's French Laundry. On your first
day, you are responsible for cooking lemon pudding cakes for their brunch tasting menu
using a classic bain marie, where the batter is placed in a ceramic cup (or ramekin) that is
placed in a water bath in the oven at 350°F (or 177°C). The water bath has already been
heated in the oven.

a. [2 points] On the drawing below, label the temperatures (in °C) of the oven and the

i% bain marie.
’ \ T:—LLOC ramekin
batter
water bath
w | Teugrie ,,. /’ // (bain marie)
Wb el |

b. [2 points] Describe 2 phase changes the cake batter and the bain marie undergo in
the oven during the baking time of 30 minutes.

2 - (ale boer wa,yg@g '(;'vm lu‘q\aid Slute o - S\)L‘(J CHate
— water bath chorges from lquid State 4o vapw (gas Sate)
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: which are essential for the texture of the
. batter contains 2 €ggs, W! .
c. [1 c;;)(;)lmt] lezscaé(fplain how phase changes in the pudding cake occur on the
pudding ¢ .
molecular level.
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d. [2 points] You are also responsible for preparing fried eggs _o_ '

the brunch tasting menu. As discussed in class, the egg tran§|t|on tgmpera’ttl:]re |sh Se
around 65°C. Calculate the thermal energy in kJ that is required to induce this pha

change (ks = 1.38 x 102 kJ/K).

Lhowselves

armesan crisps for

B = 6508 = 240K
*—H/\Q('(’/I"C’( Q&e»&\\} = kB T

Z - ";SX/Obe 240
= 3212 yp® kj

3) [3 points] During the first week of class, Dolores Hernandez taught us about healthful
eating. For the following questions, determine if the statement is either true of false.

(True/@) You should blend your food or cook it to maximize the amount of
fiber your body can absorb.

5 @/False) The number of calories per gram of proteins, carbohydrates, and fats
is described by the 4-4-9 rule.

(True/Fé@ One serving of Omega-3 fatty acids contains 23.9 Calories: this is
equivalent to 5.7 kJ of energy.
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' while reading On Food and Cooking, you encountered an amazing table of common fats
and oils that details the proportions of saturated and unsaturated fats.

Saturated and Unsaturated Fatty Acids in Foods and Cooking Fats

Proportions of fatty acids are given as a percentage of the total fatty-acid content.

Saturated Monounsaturated Polyunsaturated
Fat or Oil Far ids Fatty Acids Fatty Acids

Burter é? } 29 4
Beef 42 4
Lamb 47 42 4
PPork 40 45 11
Chicken 30 45 21
Coconut oil 86 6 2
Palm kernel oil 81 11 2
Palm oil 49 37 9
Cocoa butter 35 2
Vegetable shortening 1 51 14
Cottonseed oil 26 18 50
Stick margarine 59 18
Tub margarine 17 47 31
Peanut oil 17 46 32
Soybean oil 14 23 58
Olive oil 13 74 8

Corn oil 13 24 59
Sunflower seed oil 13 24 59
Grapeseed oil 11 16 68
Canola oil 7 55 33

Safflower oil 9 12 75

Walnur oil 9 6 70

2
a. J4points] Based on your understanding of the different interaction energies between

saturated and unsaturated fats, rank these substances in order of melting
. i . . . .
temperatures with the Wankmg going to the substance with the lowest melting

temperature.
2 FAT RANK (1-4)
butter
palm oil

stick margarine
cocoa butter

xN...(\l..p

b. [1 point] Now compare your ranked list from the previous question to the actual
melting temperatures: butter T, = 30-35 °C, cocoa butter T, = 35 °C, stick margarine
Tm = 33-35 °C, and palm oil Tr, = 33-39 °C. What could be a reason for this

mismatch?
" a. Butter is typically a solid at room temperature
. Margarine is derived from vegetable oil
é Melting temperature also depends on chain length
d. Palm oil has a lower pH than the other three fats
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5) [2 points] Consider the phase diagram for water below. Describe how the entropy of water
changes as the system goes from point #4 to point #8.
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6) [2 point] Jim lives in Denver, Colorado. He wants to make ice cream by depressing the
freezing temperature of ice to -10°C. The “Mile High City” is indeed about a mile above sea
level. What advice do you give your friend? (Hint: the phase diagram above may be useful to
understand how the freezing point )ﬁz\hanges with changing pressure.)

0

{> a. Add more salt to the ice bag; water freezes at a higher temperature in Denver
b. Add more salt to the ice bag; water freezes at a lower temperature in Denver

(©D Add less salt to the ice bag; water freezes at a higher temperature in Denver

d. Add less salt to the ice bag; water freezes at a lower temperature in Denver
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é;é,ktgg;];;l—g\:\,”;}isn:‘;out gf robck salt. He digs around in the cupboards and find only a
r and a box of baking soda. He has no choic
' : e but
ugar, add baking soda or not make ice cream. What should he cho u’? 1o add brown
‘a. Add brown sugar >
. Add baking soda _ s..f oo f
— Svefie~  beadiade — a Th A S
c. Not make ice cream. meaa et b s

8) In Jim’s Ki ) .
) dfi\SJSl(r)T;VS clj(lﬁchen you find both sodium chloride (NaCl) and calcium chloride (CaClz). When
ed in water, one molecule of calcium chloride becomes one calcium ion and two

chloride ions.

a. [2 p.oints] Cglculate the freezing point depression in °C (AT ) if Jim adds 10 g
calcium chioride to 100 g of water. (Hints: K = 1.86 °C kg/mol, the M.W. of calcium
chloride is 110.98 g/mol).

v

Dase ;% = 090l mo/B
ZAT-P: Boyge > ¢ x Ve

= 090lx 3 x .26
= <. 0279 °C o Ahe feeziap ‘,o\wf Jrl;res;\'aw_

If Jim only had sodium chloride

ssion would be effected if the same amo
g point above. Here, assume you add the same
de be more or less efficient for making ice cream than

available to him, describe how the freezing

unt of NaCl was dissolved into the

b. [2 points]
number

point depre
water compared to the freezin

of moles. Would sodium chlori
calcium chloride?

S ATpr Bowe X U< Ko,
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9) In this picture above, eggs were placed i
solution along with red cabbage. Over time,

causing them to be dyed pink. You scoreq
working for Martha Stewart. She is enamo

- -

4 the recipe.

a. [2 points] The key to an Insta
the pink outline to be 5 mm thick, how

€ggs in the pink pickling solution for? (Daye = 5.8 x 107'° m¥/sec)

Qo = d 2D

2
(Ixﬁxj = 2x £2x0™x £

+ = 210,95 ¢

- 210172
- = -
60 60 9 howrs

b. [2 points] Include 2 tips on how you could advise readers to speed up the
pickling/dying process.

-

\/ / You (on gpwza' mr +the P)‘dd/’yg pracess b‘/ l‘nclf&zs,\g
e demperstue o 4he <oluhin,
2. Yow om sperl up +he procss Dy decenting 4he

9@ +e [7\‘4('""3 solvtion
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n a pickling

the red color
molecules from the cabbage moved into the eggs,

your dream job

red with these
pink pickled eggs for the Easter issue of her magazine.

. Based on your PhySci7 expertise, she asks you to write

gram-ready egg is in the pickling time. If you only want
many hours do you instruct readers to leave their
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s] She thinks readers will be fascinated to learn more about the science of the

c. [2 point .
pickling and coloring process and _encourages you to draw a schematic illustration to
include with your recipe. Draw a simple picture showing: 1) the egg, 2) the concentration

of dye molecules inside and outside of the egg, and 3) the direction of the flux.

= hows dileching
dve wolotrles rave
A randew dvections

akdown of gelatin by enzymes in fresh pineapple juice,

10) Inlab we monitored the bre
canned pineapple juice, and meat tenderizer.

[2 points] Which solutions contained active bromelain? Circle all that apply.

a.) fresh pineapple juice
. canned pineapple juice

meat tenderizersy, — (). ¢
“d. control solution

[2 BONUS points] Using only the materials supplied in lab except for the fresh
pineapple, what could you do to make the canned pineapple juice break down the
gelatin? Explain on a molecular level how this would work to receive extra points.
~

o

Ingredients:
- water
- canned pineapple
- meat tenderizer

G Comning pro@sts A
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