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Read this

+ Before beginning this video course, take a couple of days to get the bird’s
eye view on the shape of the project. Look at the bold headings, figures
and formulas in your MCAT bookset from cover to cover. Do this with ev-
ery book from physics to biology. Visit every topic and show it to yourself,
one big cycle before you start the course. Ask yourself ‘What is the world
of this topic?’ ‘What are the main learning goals?’ Then move on as if it
were a scouting expedition.

» After you begin the course, use Kaplan or Berkeley Review to prepare a
basic understanding of any topic before watching our particular video on
that topic. Study their teaching materials on the topic and do some bread-
and-butter problems from them before watching the video here. You will
need to skip around in the books to follow the course. In other words, do
basic homework first before watching my videos. That is how my students
would do it. They had homework before the session. The course videos
were painstakingly edited from real-world one-on-one sessions in order
that they could be more lively and interactive for people watching than
ordinary MCAT videos. Pauses are built into the discussions for you to
answer the questions in the videos.

* The videos of this MCAT course ARE NOT standalone topic videos you
can watch in any order. This is a spiraling course. In a spiraling curriculum
design. ideas are introduced early and returned to with greater complexity.

« This content review does not have videos beyond the molecular level in
biology. In other words, some topics in cell biology and human physiology
were self-studied by my students and quizzed by me. My students started
early and performed spaced repetition study cycles with the cell biology
and physiology.

* |t can take time to get used to the scale of MCAT science. As your knowl-
edge-base takes on better completeness and structure, you will begin to
see how reading MCAT passages is a kind of performance.
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Fundamentals of Mechanics and Electrostatics
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KINEMATICS

Displacement, Velocity and Acceleration

- 't- = xu V — 1_}
P=——o - 4]
A ad = —m
The Kinematics of Constant Acceleration
v=y,+at x—.l;]=%(v+v;.r
| 1.2 22 i
X=X =W+ sat vV =y +2£J(.L—.\;D

Matian in Two Nimencinn
Projectile Motion

¥
_ v =
G = W=, =8l
Uniform Cireular Motion W=W, = constant




Fundamentals of Mechanics and Electrostatics

Four Equations of Kinematics for Constant Acceleration

V="V, +at x—% =5+ w)
V2=V02+2a(x—%) X— X = (]t+%atz
DYNAMICS

Newton's Laws of Mation

>F=0 then a=0 F=ma EN=EF
Free Body Diagrams

Friction Force

F<uN F.=WN
The Fundamental Forces
( l
Fe=ikdd
mnt,

=G—= .
F 7 F=¢gBvsin®
Gravitation Electromagnetism




Fundamentals of Mechanics and Electrostatics

WORK, ENERGY, AND POWER

Work
W= (F cos B)s

Kinetic Energy Potential Energy
K =L1pm? U=mgh U, = Lk U=k

2

Conservation of Energy

K+U=K+U

Power

P=% P=Fv

+ + + + + + + + + + +




Fundamentals of Mechanics and Electrostatics
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Fundamentals of Mechanics and Electrostatics

Velocity

Vo= average velocity
x-x, = change in position
Af = change intime

Acceleration
V - VU
f = average accelertion
At v-¥, = change in velocity

Af = change intime

a =




Fundamentals of Mechanics and Electrostatics

Velocity as a Function of Time

v=\y,+al

Af

Y A
— -~

¥ o= velociy
v, = initial velocity
a = acceleration {constant)
f = tme
V= VU + at
———
5

Displacement Equation

X— X =Ww+ %atz

change in position
initial velocity
change in time

acceleration {constant
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Fundamentals of Mechanics and Electrostatics

The tallest apple tree in the
world 15 12 meters tall.

Approximately how long
would it take an apple fall-
ing from the highest branch
to hit the ground?

Displacement is the Product of Average Velocity and Time
1 X=Xy = change in position
x - — V + v t ¥ o= velocn
) 0 RIS
Vg = initial velocity
constant aeceleration P
V .
%( v+v)
vll
Premed Village f
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Fundamentals of Mechanics and Electrostatics

Velocity as a Function of Displacement

V=, +2a(x—x)

constent aeceleration

o= welocity
v, = initial velocity
a@ = acceleration (constant)
X-x = change in position (displacement})

¥ (cm's)
The accompanying graph was derived from
measurements of blood velocity within the port ¢
of a hemodialysis catheter carried out over ten 1
seconds. Which of the following is the nearest f '

approximation of the average acceleration of a
volume element within the blood during that
time period?

2 |
A. 0001 nvs* j
B. 001 m/s’
C. 01ws
D. 10m/s’

(s}
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Fundamentals of Mechanics and Electrostatics

Discounting air friction, approximately
how far will the boulder have fallen in
3 seconds?

a. 20m
b. 45 m

c. 30m

d. 90m

¥o

[+ F+ F+ + + + + + + +]
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Fundamentals of Mechanics and Electrostatics

. 2.0X107%s

L2

The application of heat causes emission of an electron by the positive
plate of a parallel plate capacitor. The electron moves into the uniform
electric field between the plates with an initial velocity of 2.0 X 10% m/s
perpendicular to the plate. The electron undergoes an acceleration of
magnitude 4.0 X 107 m/s? perpendicular to the plates within the electric
field. How long is the electron in flight?

5.0X107% s E
1,0 X 10" s 6 cm! -

L 4.0X107s {

N I S N O S O 2 O O S

Projectile Motion

W = W, = constant W, = W, — gf

'I'\ = horizontal \.r,'h'lci!_\' V. = wertical Lclm.'i[_\
¥oo= anitial hoeizomal velocity voo= mtal ventical velocny
Al 5 M
E o= acceleration due 1o eravity (9.8 mis’h
I = time
v, =0
——

v

Al

¥y =¥y

The shape of the patl of projectife motion is a parabola.
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Fundamentals of Mechanics and Electrostatics

Acharged particle experiences constant acceleration within a region oc-
cupied by a uniform electric field. A negatively charged particle moves
inte a uniform electric field with an initial velocity at an angle, 8, to the
electric field. What kind of kinematics results?

[+ + + + + + + + + + + ]

h& Lﬁ
Ar—
a. uniform circular motion c. constant speed
b. constant velocity d. parabolic motion

[ 30‘:\(}] +
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Fundamentals of Mechanics and Electrostatics

The Classical Fundamental Forces

Gravitation Electromagnetism

S
_— ’ mnt _ffl o,
F= 'G T F= r!; —1'

Cerervitestiomend fewee r Flectrostatie foree between
Berween Do ieessey Tw'n pr;i”.r t'."Jn'r'_'_'- -

'
=

(o —

W=myg F =FEqg

Corgavitertionrgd fovee am g sy witliir Electrasranie foree o o podint cligeee within
the wnitorm pravivatiomal foeld o mniform electvic ficfd

am s cartlhe N surfoce
¥, X
i F
s — =

Megaedic fovee on et
Jreatul elicrge moving

F = qB 1—'Siﬂ 9 theengh o magnctic ficld

Newton’s First Law

An isclated object at rest will remain at rest. An object moving with
uniform velocity will maintain that motion unless acted on by a net
external force.

Newton's Second Law

F=ma

Newton’s Third Law

F12=_ 21
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Fundamentals of Mechanics and Electrostatics

A motionless, 20 kg, positively charged sphere is suspended in a weightless
environment. An externally applied electric field subjects the sphere
to a 10 N force for 4 seconds. At the end of four seconds, what is the
speed of the sphere?

a. 0.08 m/s

b. 0.5m/s o)
c. 2.0m/fs

d. 8.0m/s 1 |
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Fundamentals of Mechanics and Electrostatics

hiomedecnles

huetfer ions
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Fundamentals of Mechanics and Electrostatics

Mechanical Work

W =(F cos O)s

Work equals force parallel to the displacement times the displacement.

Feosi
)

Kinetic Energy

l ] K = Kt energy
B h— —mv M= miss
2 § = speed

— s

A fed witl quesederiple e mass
nroving af hall the specd of the
smmatler for possesses an egtal
amenint of kinetic energy
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Fundamentals of Mechanics and Electrostatics

Potential Energy

U= potential enerey

l '] — m h o= mass

— + g .
£ o= avceleration doe o gravity (9.8 mos®)
h = leight
———,
11 :
g h

What is the minimum work required to raise a 500 kg piano from street
level to a window at 20m elevation?

a. 10,0007
b. 250001
c. 100,000 ]
d. 2.0X10°)

20




Fundamentals of Mechanics and Electrostatics

A 1kg block is released from a vertical height of 5m to begin sliding down
a frictionless 45° inclined plane. What is the speed of the block when it
reaches the base of the plane?

kg
3 Sm
A 45° '
a. 1.7 m/s c. 10 m/s
b. (5) (¥2) mis d. 45 m/s

Shown below are the locations of three electrons within the electric field
between the plates of a parallel plate capacitor. If electric force from
the plates is the only significant force on the particles, which electron
has greater potential energy?

L+ + + + + + + + + + + |

©

A

c Uniform

6‘ electrie
; freld

21



Fundamentals of Mechanics and Electrostatics

intermembrane
space

What 1s the kinetic energy of an electron entering the
cathode ray tube shown below?

25000V

(e )
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Fundamentals of Mechanics and Electrostatics

+ + + + + + + + + + +

P = U=k

Gravitational and Electrostatic Potential Energy

VST B D MRS er D ol olrargzes

L 1, 44, @ o

Fonfike Clesnes

H r e
r - ——

Lk Clraesgzas
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Fundamentals of Mechanics and Electrostatics

electron (=) proton

@
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Fundamentals of Mechanics and Electrostatics

‘Which of the following occurs with an increase
in electrostatic potential energy?

A paseous sodium ion captures an electron.

B. Negative charges introduced at a point on
a neutral metal sphere spreads over its sur-
face area with uvniform distribution.

C. One glucose molecule reacts with six mol-
ecules of oxygen to form six molecules of
carbon dioxide and six molecules of water.

D. A globular polypeptide unfolds from its
native configuration in high temperature
conditions.

25



Atomic Theory, Periodic Trends, Chemical Bonding & Intermolecular Force
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Atomic Theory, Periodic Trends, Chemical Bonding & Intermolecular Force

The Internal Energy of an Ideal Gas Depends on Temperature
® o e
- ¥ Q
» W i P
8. N7 o / P °
o @°
@ o ) q'\ Ho"-
v ~ o if
—Q@ e L
< /, & ~
-\é/ Q 9_10
U=3NkT  U=3nRT
U = internal enerey n = moles of gas
N = number of molecules R = ideal 2as consiant
k = Bolizmann's constant
- R f‘ Avogadro’s number
T= empermure

The graph at right shows two isotherms
corresponding to pressure vs. volume of
a sample of ideal gas at 400K and 300K |
respectively. Path A shows the isobaric %
compression of the gas from initial state -
i to final state /,. Path B shows isovolu- NOA

metric cooling from initial state / to final "%

state /,. Which of the two transforma- B T, 400 K
tions represents the greatest internal g

300
energy decrease for the gas? Jy ‘J( K

a. Path A G, The internal energy changes are equal

b. Path B d. Both paths increase internal energy

Premed Village
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Atomic Theory, Periodic Trends, Chemical Bonding & Intermolecular Force

A piston containing ideal gas is slowly compressed in
thermal contact with a heat reservoir. Constant tem-
perature is maintained throughout the compression.
Which of the following must have occured?

a. Heat flowed into the reservoir.

b. The pressure of the gas decreased.
c. The internal energy of the gas increased.

d. The internal energy of the gas decreased.

w © O

U = k Uniike Charges
p =
r I
F
U
U Like Charges

28



Atomic Theory, Periodic Trends, Chemical Bonding & Intermolecular Force

Which of the following changes represents an increase in electrostatic
potential energy?

Two oppositely charged  particles are moved

a. == (4
@ @ 9 closer together.

@ 0 Qj A sphere containing a uniform distribution of a fived amount of
b. 4 positive charge increases in radins.

9 e A sphere containing a uniform distribution of a fived amount of

ative ol ] ses i radivs.
3 negative charge increases in radius.
dlis @ I§ fncredase v
The distance is increased between
S s = the positive and negative plates of a
d' =""0

capacitor containing a fived amount

Em ey
of chrge.

Premed Village

AE ? — W AU = internal energy change
e - Q = heat Now

= macroscopic work

PAV
Q - P' = constant pressune

AV = volume change

work

Internal energy change resulis
from the combination of freat
Sfow and wark between the
svstem and its survoundings.
In this example, the internal
energy of onr ideal gas sysiem
hecame greater (the particles
are moving faster in the final
state) because more energy
entered the system through
work than departed the system
as heat flow,

Premed Village
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Atomic Theory, Periodic Trends, Chemical Bonding & Intermolecular Force

Internal energy change in most chemi- . dgnition

3 G : stirrer wires .'!::'_i_jrmmc'!-:'r
cal reactions mainly derives from the \
difference in the energy of old versus

new chemical bonds in the reagents

me - -

versus the products. Which of the fol-  /sited 1

lowing is a direct, practical method for et \ T reagents
determining the internal energy change N

in a chemical reaction? bomb

A Bomb Calorimeter

a. measure the thermodynamic work performed by the system during
the reaction at constant temperature

b. measure the strength of the intermolecular forces in the reagents

c. measure the heat absorbed or evolved by the reaction at constant
volume

d. measure enthalpy change, i.e. the heat of the reaction at constant
pressure

The heat of vaporization of water (cal/g)

A. equals the internal energy change per gram
of water in transforming from liquid to gas
at 1 atm of pressure

B. 1s greater than the internal energy change
per gram of water in transforming from
liquid to gas at 1 atm of pressure

C. equals the electrostatic potential energy
increase among water molecules along
lines of intermolecular force

D. results in an increase in the kinetic en-
ergy of water vapor molecules at 100°C
compared to molecules of liquid water at
100°C

30



Atomic Theory, Periodic Trends, Chemical Bonding & Intermolecular Force

In biochemical processes enthalpy change and
internal energy change are often essentially
equal because

A. biochemical processes normally occur in
liquids and solids

B. biochemical processes are most likely to
be carried out at constant pressure

C. biochemical processes are often coupled

D. biochemical processes are most likely to
be carried out at constant temperature

Premed Village

Wikimedia Commons
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Atomic Theory, Periodic Trends, Chemical Bonding & Intermolecular Force

Wikimedia Commons

Energy Excited States

hsz"_El

Ground state
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Atomic Theory, Periodic Trends, Chemical Bonding & Intermolecular Force

Wikimedia Commons

In the Bohr theory of the atom the enerey of the

pi-th level for any atom 1s given by the follow-

ing equation

—1367°
n’

E= eV

where Z 15 the atom’s atonue number. Wilueh
of the following is a true statement according to
the theory?

A. A ground state hydrogen electron has
about 13,6 ¢V less energy than an electron
far from the nuclens.

B. The ionization energy of hydrogen is ap-
proximately 50 eV.

C. The munimum energy possible for a hy-
drogen electron 15 zero,

D.  Less energy is required to elevate an elec-
tron from the ground state to the 2nd en-
ergy level than from the 2nd to the 3rd.

Premed Village

33



Atomic Theory, Periodic Trends, Chemical Bonding & Intermolecular Force

Quantum Numbers and Atomic Orbitals
n = principle quantum number

Electron energy within an atom mainly depends on the principle quantum nurmber, », which can
have values of 1, 2, 3. . . Orbitals with the same principle quantum number are said to belong
to the same shell, Shells are designated with the letters 1 = K, 2 = L, 3 = M, and so on,

{ = angular momentum quantum numbe

I determines what kind of subsirell contains the electron. [

values are constrained by . For a given value of n. [ can be o x
any integer: 0, 1, 2 . . . n - 1. The subshell determines the

shape of the electron orbital. Subshells are designated with

letters correspondingto 0 =5, 1=p, 2=d. 3 = f eic. < subshell »subshell

m,; = magnetic quantum number orbital orbital
iy, determines the orbital within a subshell.

It's values are constrained by . Fora given |,

mi; can be any integer between -/ and /. Thus, / “

an s subshell (f = 0) has one orbital, while ap

subshell {(/ = 1) has three (m, =-1, O or 1). |

: The three orbitals of a p subshell.
m_ = spin quantum number :

In addition to orbital angular momentum. characterized by [, electrons possess quantized angular
momentum corresponding o rotation about their own axis. The \Imluus of electron spin are
designated by the spin quantum number, m . which can be either +7 or —3.

Premed Village
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Atomic Theory, Periodic Trends, Chemical Bonding & Intermolecular Force

The graph below shows the vanation across the
2nd period of the periodic table of this property

ol_Li

T*——+ Ne

A. ionization energy
B. electron affinity
C. atomic radius
D. electronegativity
Premed Village
electronegativity increases
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Atomic Theory, Periodic Trends, Chemical Bonding & Intermolecular Force
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Bond endrgy = 432 kJ mole

‘074 A Internuclear distance

Premed Village
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Atomic Theory, Periodic Trends, Chemical Bonding & Intermolecular Force

U d - bond dissociation energy

Potential Energy

T Internuclear distance

Premed Village

Premed Village
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Atomic Theory, Periodic Trends, Chemical Bonding & Intermolecular Force

The Frequency of a Mass-Spring

[ k Lk
(D - m f_ ﬁ ﬁ ’ ; ;'n:mll:-nur;llil:lt- o

Kk = spring constant

m = miss

LAY, \/\va\_ tow frequency

A stvong spring thigh &) owith a small mass oscillares ar a higher frequency than o weak
spring with a large mass,

Premed Village

The stretching vibrations along the bond axis

of a C-H bond in ethane absorb infrared radia- " "
tion of lower frequency than the IR radiation 0
absorbed by a C-H bond of ethylene. Which

of the following statements can be deduced " i W

from this evidence?

a. The carbon-hydrogen bonds in ethylene
are stronger than the carbon-hydrogen
bonds in ethane ethylene

b. Ethane has free rotation about the C-C
bond axis

c. The C-H bonds are shorter in ethane.

d. The percent composition of ethane is
greater for hydrogen.
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Atomic Theory, Periodic Trends, Chemical Bonding & Intermolecular Force

A monotomic gas molecule such as o T ©
He possesses only kinetic energy \(T- 0\ /\
deriving from its linear motion. © ©

> o s transiational motion - three degrees of freedom
A diatomic gas molecule, like Cl,,
in addition to translational motion,

can also rotate and vibrate. What 6—_::; 6}
does this difference tell us?

rotational motion - two degrees of freedom

0@ = -0

. = vibration - two degrees of freedom
a. Helium is a noble gas.

b. Chlorine has a higher molar heat capacity than helium.

c. At a given temperature, helium molecules have greater average
translational kinetic energy than chlorine molecules.

d. The chlorine molecules have greater average translational kinetic

Heats of Combustion of Nutrient Molecules

Triglyceride 626 kl/mol carbon
Glucose 466 kl/mol carbon
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Atomic Theory, Periodic Trends, Chemical Bonding & Intermolecular Force

e

Fermentation
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r
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Atomic Theory, Periodic Trends, Chemical Bonding & Intermolecular Force

o0
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Wikimedia Commons
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Atomic Theory, Periodic Trends, Chemical Bonding & Intermolecular Force
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Stereochemistry

Isomers
Stereocisomers Constitutional
MOH
\/I\OH
Conformational Optical Geometric
HyCCH, CH; CH CHy
H CHy H H b f —
LoH H H Hy, M H -
H CH, alse technically
diasfereomers
Enantiomers Diastereomers
Ch |,]CHQ\ .,_-?;‘“H H.SI” ,CHZCH'J CHO _CEO

C—CH HO—C\ HO——H H UH
cﬁj CHy H——OH H——0OH
H——0H H——0H
CH20H CH;OH

Premed Villag
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Stereochemistry

H
] 1
H Ny
H“f )
H H |
H
H
H H H
\ /
H H\\*f &
HH ’ H
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Stereochemistry
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Stereochemistry

S W

2 \ 7 <<§tmol 10.8 Kcalimol

4

<\> % 5.5 Kcal/mol ¢ m
3 5

1

CHs

CH
o = e

CH
CH;  —»
CHy =+

CHj
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Stereochemistry

CHy
CH
K%\ Sl mrcw,
C(CHz)s
HOH HOH
H
H%O . H H%O L OH
® O
H OH H H

a-D-glucopyranose p-D-glucopyranose
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Stereochemistry

H4C, CH,CHj HsC
c—= c—=
\ /

H H i CH,CHj
cis trans
l—\ > CH
Gy HyC H
HaC fC (“\ :Base H,CH,C S — H_CHJ
H;CH,C Br Alkene
Alkyl halide
l:’-aa-;e::f—\af i
P\ . é'l;l-CH:s Hiade }-\_ J,‘CH;
HaC 5~ s HyC - lt‘\ ——  hencmC=C ey,
H;;CHQC Br ECH_ZCJ -[;l'}-
anti periplanar transition state
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Stereochemistry

Br

I..MQ.I
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m-u
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C1S trans
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Stereochemistry

au.ﬁ
w
Polarization \
orientation \
Light beam qf— - \&-:
Optically Active
Compound

|/
H,C—C C\
! on

Lactic Acid
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Stereochemistry
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Stereochemistry
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Stereochemistry

H

CH3CH,al .

HsC
Alkyl halide

I

H i 2
CH,C 3*-.?_]31_ Nu

:Nu

CH3CHo a2

NU.;/_s }:

HaC

£, /

H

/
Nu—C
TN NCH CH,

CH,
Substitution product
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Stereochemistry

CH,CH,CH, . H,CH,CH, CH3CH,CH,
CH;4 h.\ii H :Nu Cth\
. —C + —
C—0H ———>» Nu ';:"CHZ. ;;: Nu
CH3CH; CH,CH, CH5CH,
CH3CH,CH, CH;CH;CH, H
T 7 TN CHial
CH;”‘}C —OH HY ——» 3"7 —& —>
CH,CH, CH,CH; H
CHyCH + u
3 2 C _'g H-;C —C ::.:CHECH‘_CHi
> / \_I > CH,CH;
H.C
/\ CH,CHCH; CHCHCH,
- + F ]
R Nu:  HiC— C;E::E:zCHs —_—  Nu— ] + CH3""7_
2 3
\_/ CH,CH, CH,CH,

Nu
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Stereochemistry

1-(R),2-(5) 1-(5),.2-(R) 1-(5),2-(5) 1-(R),2-(R)
Ephedrine enantiomers Pseudoephedrine enantiomers
H——OH
H——OH
H—1—OH
CH,—OH
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Stereochemistry

Fischer Projection of D- Aldoses.
CHO
H OH
CH.OH
CHO /Dglyceraldehyde\\_ CHO
H——F1+—0H HO——1—H
H——0H H———0H
CH-0H CH-0H
D-erythrose P D-threose
CHO / \ CHO CHO CHO
H——0H HO——H H—1—0OH HO———H
H OH H———0OH HO——+—H HO——r—H
H———0H H———0H H—+—0H H——3—0H
CH,OH CH,OH CH.OH CH-OH
D-ribose D-arabinose D-xvlose D-yxose
/N / N\ /N / N\
CHO CHO CHO CHO CHO CHO CHO CHO
H OHHO H H OH HO H H OHHO H H OH HO H
H OH H OHHO H HO H H OH H—f—OHHO—F—H HO——H
H OH H OH H OH H OHHO H HO H HO H HO——p1+—H
H OH H OH H OH H OH H OH H OH H OH H OH
CH,OH CH-OH CH-OH CH-OH CH,OH CH-OH CH,OH CH-OH
D-allose D-altrose D-glucose  D-mannose  D-gulose  D-iodose  D-galactose  D-talose
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Stereochemistry
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Temperature and Heat Flow

Zeroth law

If two bodies are each in thermal equilibrium with a third body, then all
three bodies are in thermal equilibrium with each other.

no net hear
Sflony

ne net heat
Sflew

Svstems al the same temperature are in thermal equilibrivm,

Converting Celsius and Fahrenheit
( )
(4n'c HH HH g4
12°C - — - 2URF
T ) 5 (T 32) o' ;‘.‘.ml_?_fh"”“ o
—_— o HH-----1 Equilibricm |-----HH 212°F
C 9 f r:u o
R0'C L HH 176 F
'C HH HH 140°F
W'C HH 14
T — ET _I_ 32 w'c HH I — 08'F
e e Weirer-foe
f 5 C o HH----- F—.'qmj'l.lﬂ:u'iuuj ce---HH 32
aryF
-NC HH B — -4F
) 9
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Temperature and Heat Flow

Kelvin Temperature

T= L4 21315

T

0K 273.15K 373.15K
—273.15°C 0°C 100°C

Pressure-Temperatire Graph for a Constant Volwme Gas Thermometer

How does the constant veolume gas ARG
thermometer pictured at right measure N
temperature? !

h

a. It measures the pressure of the gas.

b. It measures changes in the volume

of the mercury. .
c. It measures the thermal expansion Mexible mibe

of the gas.

d. It measures the ratio of the density of the mercury to the density of
the gas.
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Temperature and Heat Flow

Specific Heat Molar Heat Capacity
_lem, ! -

e

! «  Lmole 6.02 X 10

2+ medecnles
1 cm| ram '

2

Hear per gram per Heat per mole per

:JrL'J.:.F'l'.'(.' Celsins M t.’t'_&{i'r_'r.’ Celsins

0 =mcAT QO =nCAT

Q = heat flow Q = heat low

m = mass n = number of moles

' = specific heat (' = molar heat capacity
AT = rempermure change AT = remperaure change

According to the rule of Dulong and Petit the molar heat capacity of
metals with atomic weight above 35 is relatively constant (about 26 1/
mole +"C). From the information presented, which of the metals in the
table below has the lowest specific heat?

Atomic Molar Heat Capacity
Element Weight at STP

Ni 58.70 26.0 J/imoles'C
Ag 107.868 25.5
Cd 112.40 26.0
Pb 207.2 26.8

a. Ni c. Cd

b. Ag d. Pb
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Temperature and Heat Flow

The table below gives the heat capacities of ice, liquid water, and
steam as well as the heats of transformation for melting and boiling
water (P = 1atm).

LatentHeat Latent Heat
Cice of Fusion cwater of Vaporization C“eam
(callg -'C) (calig) {ealig - "C) {cal/g) (calig -'C)
0.5 80 1 540 0.48

How much heat must be added to transform 1g of ice at -100°C into
steam?

a. 48 cal c. 621.5 cal
b. 580 cal d. 770 cal

The easiest path has four steps: 1) heating the ice from -100'C to 0°C; 2) melting
the ice; 3) heating the liquid water from 0'C to 100°C; and finally, 4) boiling the
water. The amount of heat which must be added for temperature change equals
the product of the mass, specific heat and temperature change. For the phase
changes, the amount of heat equals the product of the mass and the heat of
transformation. Here are the computations for each of the four steps:

Q-orcore =(12)(.50 S4L) (100°C) = 50 cal

Q!'Lh'mn ={| g:l {Hﬂ L+:I} = 80 cal

g

Qn c=ionec = (1 g) (1 l"—é]( 100°C)

Q\'II|N!I’iI.‘IIIII11 = | i.'} {54“ L+':I} o 54':) cal

100 cal

T

sum = 770 ¢al

THIS IS AVERY COMMONLY OCCURING TYPE OF PROBLEM. (ALTHOUGH THE COMPUTATIONS HERE ARE
SUPPOSED TO BE EASY ENOUGH TO DO IM YOUR HEAD, IT'S A GOOD IDEA IN A TEST ENVIRONMENT
TO WRITE THE COMPUTATIONS DOWN TO AVOID MISTAKES.

Premed Village
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Temperature and Heat Flow

The Dewar flask at right contains 100ml

of water at 25'C.

Aftera 1 volt (1 joule per coulomb) battery
begins to deliver 1 ampere (1 coulomb per
second) of current through the resistance
immersed in the water, approximately
how long does it take the water tempera-
ture to reach 35'C? 1Q

a. 10 seconds c. 1000 seconds

b. 32 seconds d. 4200 seconds

1V

Three Modes of Heat Transmission

!

condnction convection

/7 radiation
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Temperature and Heat Flow

Premed Village

Transmission of Heat by Conduction

Q

g O ot KA ﬁ
N e { Ax
.‘.’_/:J:J/ \\ /
i T }
. o
A ,'/ Jl' \ N\ Q = heat Mow
W [ 4 . — | § = lime
S e L - K -
Y \: \\ 0 K = thermal conductivity of
« |\ oy g material
it —{\__\‘r " ] ' A = cross-sectional area
,“-‘ .. P b AT = temperature difference
/ —r, : across the conductor
/“,\_'/; iTr,-T))
e ] X A Ax = conductor thickness

When warmer (faster) molecules collide with cooler (stower) molecules, the warmer molecnles
transfer part of their energy to the cooler moleciles. Conduction of heat is acewring,

Night or day, the interior of a house is maintained at a constant tempera-
ture of 27°C. During the day, the outside temperature is 17°C. At night,
the outside temperature is 7°C. What is the approximate percentage
increase in the rate of heat lost by conduction through the walls of a
house at night versus the day?

in oul

. 9% c. 50% d. 100%
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Temperature and Heat Flow

Q
f

.‘
T -
unw mwnn

The tungsten filament (¢ = (04} of a

rvpical TOOW bulh has a surface area of T
S’ and an aperaring temperature

of ahowr 200K,

Premed Village

Transmission of Heat by Radiation - Stefan’s Law

= AeoT"

heat (light) emitted

e

surface arca of emitler
CMIssivity

Stefan- Boltzmann constant
(57X 10" Win' - K
emitter absolule lemperature

Scientists predict that in approximately five
billion years the energy from a changing
hydrogen fusion dynamic within our sun will
push the outermost layers of the star out-
ward. Expanding and cooling, the sun will
become a red giant, perhaps even engulfing
the earth. If its temperature decreases from
6000K to 3000K and its radius undergoes a
40 fold increase, what will be the resulting
change in the luminosity of the Sun? (lumi-
nosity is the rate of total light emission)

red
e ol
!

Y
resent
- sun

Gronvth of the sun into a ved gi-
ant will occwr imapproximately
five billion vears.

a. 16 fold decrease c. 20 fold increase

b. 80 fold decrease d. 100 fold increase
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Temperature and Heat Flow

Premed Village

Engineers designed the Apollo capsule/command
module to be constructed with a silvered exterior
to control heat exchange with the environment
during space travel. Which of the following were
among the effects of this design feature on heat
exchange?

a. Maximizing the absorption of energy from the surroundings
b. Minimizing the radiation of energy to the surroundings
c. Minimizing convection currents within the vehicle

d. Maximizing conductive diffusion of heat along the vehicle
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Ideal Gas and the 1st Law of Thermodynamics

Premed Village

Boyle’s Law

P V = P V {{'EHI_\'J'EHHJ'I'.’FHP('!'(HHF'(‘}
IR 2 "2

1 isothermal
COMPIESSion
feanstant
femperaline)

Thermal equilibwivm with the heat sink alfows the gas to be compressed at constant temperatare,
isothermally. With constant temperainre, Bovle’s Law applies. The pressure and volume are
inversely praportional (PV is constant). Pressure increases as volume decreases,

Premed Village
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Ideal Gas and the 1st Law of Thermodynamics

Wikimedia Commons

Charles’ Law

W _ b

i P ¥ (canstant pressie)

L L

Weight for pressire
regulation
isoharic
exXPansion
feomnstant
pressue)

)
Heating a gas makes its particles move faster. Collisions are stronger. Thercfore, 1o exert the
same pressure, the particles must be more spread out. The voltne must have increased.

-Heat somce

Premed Village
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Ideal Gas and the 1st Law of Thermodynamics

How does the thermometer at right measure
temperature?

a. It measures the pressure of the gas.

b. It measures changes in the volume of the
mercury.

c. It measures the volume of the gas.

d. It measures the ratio of the density of the
mercury to the density of the gas.

O, VECHNIR

HIEFCHEY
Mug

low density
gas

Premed Village

The Ideal Gas Law

— P = pressure
— n V = volume
T = temperature
n = #of moles of gas
R = ideal wits constant
[8.31 Jimoke - K]
0.2 hiter = atm/mole « K|
0"-- e i a
i ‘@
\ 7] \
| . ‘e i
@ o. - el @7
Q Q o
Qg —¢ _o
- -9 « o
/e
: Rl (=]
] 0—'__0 ﬂ - :

I mole of an ideal gas occupies 22.4 fiters at STE

68




Ideal Gas and the 1st Law of Thermodynamics

To serve as an apparatus for collecting gaseous substances a flask is
completely filled with water and inverted with its mouth submerged

within a larger container of water.

Student A collects methane gas (CH, ) in this manner, and student B collects
propane gas (C H,). After each has collected one gram of substance:

a. the gaseous phase in student A’s flask has greater volume

b. the gaseous phase in student B's flask has greater volume

the volume of the gaseous phases of both flasks are equal

5

. the gaseous phase in student B’s flask has greater pressure

[«

The Temperature of an Ideal Gas Depends on the Average
Translational Kinetic Energy of the Particles

| ) 3 M= mass
i m vz —_ i kT 1‘_:: average square speed

k = Bolzmann’s constam

R Avagadro’s number)

IVRTE T = temperature

r
.
= Jiddeal P tLRY W ¥l
a ar K et A
Nl / e “ill
E fdleal LR
£ at Sk
\\

Molecular Speed (v)

The difference in the velocitv distribution curves for ideal gas particles at 100 K and 300 K shows
the dependence of the average ranslacional kinetic encrgy of the partictes oin temperarure

Premed Village
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Ideal Gas and the 1st Law of Thermodynamics

The Internal Energy of an Ideal Gas Depends on Temperature

LY Q
9 u\‘i o _ ¥ _::D
. ™ L 7] d
Q'- Q\. = ?
g g W
—@ e [}
[ *]

U=3NKT  U=3nRT

U intermal energy N = moles of gas
number of molecules R = ideal 2as constant
Boltzmann's constant

R/ Avogadro’s number
;= lemperature

y -
[V TR T

RMS Particle Speed Is Inversely Proportional
to the Square Root of Particle Mass (for a given remperaire)

= mass
¥V = ool mean sguane .\?Pl'l'{l

{sqpuare root of avernge
VB " sgquare speed)

vool mean squcre speed for a gas sample

2y

_______________________________ M —

‘Average (roof mean squere ) speed s inversely proportional o the sqguare roor of molecular
mass, For nvo samples of ideal gas ar the same temperanre, if the molecules of one gas are
four times larger, the roor mean square speed is half as grear.
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Ideal Gas and the 1st Law of Thermodynamics

SURROUNDINGS

BOUNDARY

Wikimedia Commons

The First Law of Thermodynamics

A — W Al = internal energy change
L =] (0 = hemflow

w = MECTOSCORIC W wk

Q-PAV ..

= consiant pressure
AV = volume change

work

fiternal ciicrgy change resulfis
from the combination of heat
flow and work benwveen the
svstem and §ts surronndings.
In this example, the internal
enerey of our ideal gas svstem
hecame greater (the particles
are moving faster in the final

— ——
staie) !Ff_‘t'UH'_\'l' more ﬁh’ry}'
entered the system through
' e work than departed the system
—S——— hear = as heat flow
Sflow '

Premed Village
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Ideal Gas and the 1st Law of Thermodynamics

s s Emsssssssmssssskes s s m e

SN

Y

The straight line on the graph
shows the path between the
initial and final states in the
expansion of a gas. How much
work is performed by the gas
during the expansion?

a. 900)
b. 11501
c. 90,000
d. 9X10°)

4 X 10° Pa

3 X 10°Pa

2X10°Pa

1 X10°Pa

’J

o ¥

iL

2L

L 4L
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Ideal Gas and the 1st Law of Thermodynamics

An ideal gas is taken from the same initial state and same final state by
the three alternative pathways:

P o P, ! A
i i J,q__‘_
Y \\
\
f - o
— v T
(n (2) (3)
Which of the following are equal for all three pathways.
I. work done by the gas a. Il only
Il. heat flow between the gas and the b. Il and IV
surroundings
c. lland IV

lll. internal energy change
d. I, 11,1, and IV
IV. temperature change

Premed Village

Adiabatic Process

o 0=0
L QU:_W

First law af thermodvramics

fusulared — for an adiahatic process

Pisien
Q = heat how
AU = imemal energy change
;‘“=—-_ e W = II1.‘1L‘I'UM.'U|]iL' work
Nea Hear Flow

I an adiahatic process. no heat flow ocewrs, so internal energy change divectly corvesponds
to the work performed.

Premed Village
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Ideal Gas and the 1st Law of Thermodynamics

Isothermal Process

AU =0
Q=W

First law af thermodvaamics
Sfor an isothermal process

imternal energy change

heat flow

AU
o
W

K W n

macToscopic work

Hear Sink

I at isothermal process on an ideal gas, the femperature is constant. Because temperative is
constan, internal encrgy must be constant. {f internal encrgy is constant, any work that eccurs
miist be balanced by heat flne

Premed Village

Wikimedia Commons
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Ideal Gas and the 1st Law of Thermodynamics

\ Isotherms

Work done

Wikimedia Commons

Isovolumetric Process

W=0
AU=0

First law of thermodvnamics
_ﬁu’ an isevalnmetric JOCess

W =
AU = mternal enerey change

= heat flow

mactoscopic work

flear Sink

I an isovolumetric process, no thermodvnamic work occenrs. The onlv wav internal energy
changes is Hworgh heat flow.

Premed Village
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Thermochemistry

The First Law of Thermodynamics

AU — ‘ 1 ; AU = intemal energy change
— - Q = hear flow
%] W = macroscopic work
— —
[ Q P AV P = constami pressure
AV = volume change

wark

Imternal enerey change results
Sronin the combination of heat
_ﬂrm' ancd work between the
svstent and its surrovndings,
In this example, the imternal
eaergy of one icleal gas system
became greater (the particles
are moving faster in the final
state) becanse more energy
entercd the svstem throwgh
H'I')J'." Hl]'{.Hf{!{'If’c'ﬂ'h-'(!f}f{‘.\:l'.uft'"f
as freat flon

= hear
. fow

Premed Village

The Internal Energy of an Ideal Gas Depends on Temperature

U=3NKT  U=3nRT

U = imernal energy o= moles of gas
N = number of molecules R = ideal gas constant
k = Bolizmann's consiant
= R f.—\\ng.‘l:lrﬂl'\ number
T= temperature

Premed Village
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Thermochemistry

Molar Heat Capacities (J mol™ K'")

He 205 N, 29.5 H,0 335
At 205 F, 314 co, 87.2
Errmd = KErrfm.'c KE!TJF + KE\'H)

U=KE_,+ PE_,

kel

Premed Village

e

transtational motion - three degrees of freedom
e

Sre- 4%

rotational motion - two degrees of freedom

@@ = -0

vibration - two degrees of freedom

....................

H+H“.\ ........................... punennnsanaaneeaans

H.(g) + 432 kJ mole-!

' Bond energy = 432 klmole '

0.74 A

Premed Village

Internuclear distance

7




Thermochemistry

stirrer

ignition "
] thermometer
wires then

AU

== Q (constant volume, # = 0)

.r‘nsula.'edJ
container
reagents
water—|
~ A
bomb
Li*(g) + F(g) + e
step 3 | Li+(gy) + ¥2Fz(g) + e step 4
ROUTE 2
w Li*(@) + F-(9)
step S
step 2 | Lifg) + ¥2 F:
ep i(e) 2(0) e
Start - step 1 T Li(s) + % Fa(g)
ROUTE 1 ﬂHof
w LF(s)
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Thermochemistry

A positive value of AH for a reaction means
that:

A. The internal energy of the substance has
increased.

B. Heat is given off to the environment dur-
ing the reaction.

C. Heat is absorbed from the environment
during the reaction.

D. The reaction 1s exothermic.

Which of the following statements is true about
the following exothermic reaction, when car-
ried out at constant temperature and pressure?

2H,(2)+0,(g) —= 2HO(2)

A. The magnitude of the change in internal
energy over the reaction is greater than the
magnitude of the enthalpy change.

B. The magnitude of the change in internal
energy over the reaction is less than the
magnitude of the enthalpy change.

C. The magnitude of the change in internal
energy over reaction is equal to the
magnitude of the enthalpy change.

D. Impossible to determine any of the above
from given information.
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Thermochemistry

| 6§ 0—c—o
Hi—&———0H

HO—C—H
H—G—OH H H
H——C——OH

CH,OH

| 6 O—ec—o

+ 60 —

HO—C—H
| 5] - 2 S
H—C—0OH H H
H—C—OH
CH.OH Bond Enargy
K.)/mole
H-C 411
C-C 346
H=0 458
c=-0 359
C=0 799
=0 494
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Thermochemistry

Given these bond energies:

H-H (435 kJ/mol)
Br-Br (192 kJ/mol)
H-Br (368 klJ/mol)

Which is following would be the best estimate
of the enthalpy change of the following reac-
tion?

H, (g) +Br,(g) —> ZHBr(g)

A, 26K

B. -109kJ
C. 259K
D. 109kJ

& C(graphite)

Clgraphite) + O, (g) CO, (g) AHO = -393.5 kJ mol”!
Ho(g) + %0,(g) —= HO () AH® = -285.8 kJ mol!
BH; (g + 30:(g) —= CgH20; (1) ANP = 1250 kJ mol™’

+
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Thermochemistry

Elements in their Standard State

Chemical Compound Phase (matter) | Chemical formula | A A in kJimol
Ammonia (Ammonium Hydroxide) | ag NHz (NHa0H) -80.8
Ammonia g NH3 -46.1
Copper (Il) sulfate aq CuS04 -769.98
Sodium carhonate g MNazCO43 -1131
Sodium chloride (fable salt) g NacCl -411.12
Sodium hydroxide aq NaOH -469.6
Sodium hydroxide g NaOH -426.7
Sodium nitrate = MNaNOs -424.8
Sulfur dioxide d 502 -297
Sulfuric acid | Hz2S504 -814
Silica s Si0z -911

AH
Reagents > Products
A
~AH, AH,
Y
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Thermochemistry

AH = H —

p!'ﬂdﬂ(‘f.&' reaciants

— (0] — 0
A‘H EAHf pmdm'fs EAHf reactants

HO—C——H

H—C—0OH

H—(C—0OH

CH,OH

602 —_—

<]
H T H
Standard Enthalpies
KJimole
Glucose -1274
0, 0
CO, -286
H,O -394
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Thermochemistry

PoT T
—|p|—0—|p|—o HO, i~ /0—|p—0—|p—0‘
o} CH I I
Y /O 0 o] \Nj/ 0 0
C
I - / + Co,
c=0 +
| \.
ICH1 —_—
Puruvate N (w\ CH, .CH N=—Lys
dehyed o e 7 ~2_7
elydrogendase }——' < Cﬁ) Cﬁ} C
H.C — I
A
Ditvedrolipoyt
tramsacervlase
Y
(|:H3 Dilevevolipend
Transaceryiase CH, JCH, _N—Lys
C=0 « < ' (\I\cﬁ R
| SH S\ 2 2
5—CohA k\ =0 (lj
CoA—SH !
H_EC
T J
SH SH *
Difovdrolipoy!
- dehyelrogenase FADHz
+
NADH NAD
Premed Village
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2nd Law of Thermodynamics

Premed Village

Entropy
' O \
00 |
20 © | o® @ | - ©
. — \® : J\® T,
TS S~ o - o (o - \
i :‘ ’ O D .
| OEGO’IQ:Q;_‘O:O'.O:O
©qi®_|( 0: [ @ (‘'S @0
¢: 8\ e /l@:8 j\T :
020 | 0@ -
1 ANg. e \° e
| .
An isolated system fends toward disorder (greater entropy) hecanse disordered states
are more probable. Possible disordered seates oumumber ovdered states.

Premed Village

What is the relationship between a microstate and a macrostate of a thermo-
dynamic system?

A. A microstate 13 a point in phase space, whereas a macrostate specifies
the relationship of the system to its surroundings.

B. A microstate corresponds to the quantum electrodynamic parameters
of the system, whereas a macrostate describes the system as measured
1 the laboratory.

C. Amacrostate corresponds to the macroscopic properties of a statistical
ensemble of systems comprised of the accessible microstates.

D. A microstate defined by specifying external parameters, such as vol-
ume and temperature, whereas a macrostate is defined as a state for

which the motions of the individual particles are completely speci-
fied.
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2nd Law of Thermodynamics

@® In the system below, two bulbs are connected by a tube and stopcock. In
the initial state, all of the gas (N particles) is constrained to occupy a single
bulb. When the stopcock is opened, the gas spontaneously moves to occupy
both bulbs. In this example, with the stopcock opened, the probability of the
second state is 2" times that of the initial state.

@® Entropy rises with the multiplicity of the system (the number of possible
internal configurations that correspond to a particular macrostate).

D y = entropy
S = k I[’]X k = Boltzmann’s constant
X i

multiplicity

Vi
Free expansion is an irreversible process in which
a gas expands into an insulated evacuated chamber.
During a free expansion
I.  the temperature remains constant
.  the entropy of the gas increases
III.  the internal energy of the gas
remains constant
A, 1
B. TandIIl
C. ITandIII
D. III andII
Vi
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2nd Law of Thermodynamics

Carbon monoxide is a linear molecule. The carbon and oxygen atoms are
roughly the same size and the dipole moment of the molecule is relatively
small. This means that at temperatures just below its freezing point
(74K ), the molecules of this substance can flip easily in the crystal and
assume one of two orientations with equal probability. The probability of
flipping vanishes at even lower temperatures, though, as the temperature
approaches absolute zero, where motion ceases and only one quantum
energy state is available to each molecule. At absolute zero, the theo-
retical entropy of pure carbon monoxide crystal would be:

a. zero E=0:
b a Small p051ti\"e Value ('(M'hﬂ" li'Jl’Hi'tJ.'l'f(l"r.'
c. asmall negative value

d. absolute zero is impossible to attain

Entropy Change Due to Heat Flow
AQ
r o,

T T

entropy change
heat flow (in reversible process)

AS =

lemperature
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2nd Law of Thermodynamics

When a hot stone is dropped into a cool water bath
and heat flows from the stone into the bath

A.

B.

More entropy is lost in the stone than gained
by the water.

More entropy 1s gained by the stone than lost
by the water.

Less entropy is lost by the stone than gained
by the water.

The change in entropy in the stone is balanced
by an equal and opposite change in entropy in
the water.

Which of the following does NOT change for
a sample of ideal gas undergoing an adiabatic

compression?

A. entropy

B. internal energy
C. pressure

D. volume

Which of the following does NOT change for
a sample of ideal gas undergoing an isothermal

compression?

A. enfropy

B. internal energy
C. pressure

D. wvolume
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2nd Law of Thermodynamics

A sealed container holds 1-L of hydrogen gas
(H,) at STP. A second sealed container holds 1-
L of helium gas (He) at STP. Both containers
are heated isochorically to 100°C. Which gas
experiences the greatest change in entropy?

the hydrogen gas

the helium gas

both have equal changes in entropy
the entropy of neither gas changes

oows

HOT

0109
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2nd Law of Thermodynamics

The Carnot Cycle
é‘a isothermeal

r.' . | expansion
adiabatic - Ji
COMPression = I
3
| i '
I
T —T, [§1
5 h : =
= =
: i 1 adiabatic
t V expanyion
|
|
L=
[ hi C
isethermal

£ 'l‘HH'lle'l’.'.'.\'i:r'Ml'

Premed Village

The Thermal Efficiency of a Heat Engine

= E = —Qhu QC
Oy Oy

L T,

(widlt heat input and owipar occuring at fived
femperalires)

e

€

heat
engine

=W

I\...""---_.
Q.
E = thermal efficiency
W = neiwork
QII = heat flow m
0 = heat low om
c T
T = hotsink tlemperatune c

cold sink temperatione
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2nd Law of Thermodynamics

Which of the following would tend to

; . wheel
increase the thermal efficiency of the B /M

single stroke steam engine at right?

I. Increasing boiler temperature

Il. Decreasing boiler temperature =

lll. Increasing condenser temperature , Cylinder

IV. Decreasing condenser temperature

a. lonly c. Il only

vahe 7
b. land IV d. llandIll crank hose to
buiter
hase fa
condenser

What 1s the maximum efficiency of an engine
operating between 177 °C and 27 °C?

A. 33%
B. 85%
C. 50%
D. 15%
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2nd Law of Thermodynamics

Premed Village

Coefficient of Performance

_&
COP = 3

heat
prmp G W
fwith heat input and outpur occuring af fived
Fl'”q?{‘i'ﬂ”i res)

£ = thermal efficiency

W = network Qt_
QII = heat flow

Ql_ = heat Mlow om T
T = hotsink lemperire <

cold sink temperature

-

Which of the pressure-volume graphs below depicts the most efficient
Carnot cycle?

d. All three are equally
efficient.
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2nd Law of Thermodynamics

The Second Law of Thermodynamics

The entropy of the universe increases for all
real processes.

No heat engine operating on a cycle can be
100% efficient (Kelvin's formulation).

Kefvin fornudation of the sec-
ond fenw of thermodviamics

An engine cannot transfer heat continuously
from a colder to a hotter body and produce no
other effects (Clausius’ formulation).

Clausius ' forsmdation

With identical initial pressure, volume and temperature, ideal gas A
occupies a piston in thermal equilibrium with a hot sink. Thermally
insulated, ideal gas B occupies the volume beneath a membrane and the
vacuum compartment above. Gas A is expanded isothermally. For gas B
the membrane is broken, and gas B expands to occupy a volume identical
to the final volume of A. Which of the following are equal?

o o

2,

work performed during each expansion
heat flow during each expansion
the entropy change due to heat flow during each expansion

the final entropy of the gases
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Chemical Thermodynamics

The entropy of the world
only increases.

It never decreases.

The greater the number of microstales
corresponding o a given macroslale
the greater the probability of the

macroslate.

)

14\N
probability of all particles being in half the container ( /2
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Chemical Thermodynamics

100°C

75°C

50°C

75°C
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Chemical Thermodynamics

AS, = AS, + AS

world system environment

SURROUNDINGS

.........

anvironment

AS =

environment T

(BOUN DARY
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Chemical Thermodynamics

G=H-TS

AG = AH - TAS

3H; (g)+ _

N, (g) 2 NH; (g)

AG = AG® + RTINQ
.ﬂ 0 = _RTIH K‘,-;j

. RT
K oy = €

AG® = -16.4 kJ at 298K
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Chemical Thermodynamics

Which of the following statements about the
relationship between AGE, the standard free en-
ergy change, and K, the thermodynamic equi-
librium constant, 1s untrue?

A. If AG, 1s large and positive, K 1s very
small.

B. If AG, is large and negative, K 1s very
large.

C. IfAG,iszero,K=1.

D. All of the above are true.

Which of the following 1s the proper expression
of K_ for the following reaction?

4ANH, () + 50, () 4NO () +6HO(2)

A. [NH][O]

NOJ [H,0]

B. 4]NO]6[H,0]
4[NH,] 5[0,

c. NOJ* HOP°
NH] [0

D. [NHJ'[OF]

NOJ* [H0]"
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Chemical Thermodynamics

The equilibrium constant under standard condi-
tions for the reaction of SO, with O, to form

S0,.K =15 x 107

250, (2) + 0, (2) 250, (2)
If 0.01 mol of each of the three gases are pres-
ent along with argon in a 1 liter container at
STP, which of the following is occuring?

The forward reaction occurs at a higher
rate than the reverse reaction.

rate than the forward reaction.
The reaction is at equilibrium.

A.

B. The reverse reaction occurs at a higher
C.

D. Pressure is inereasing in the container.

Premed Villag

TH3N

NH:"‘

H ~NaAD* NADH+H'

R e, T2 T +
(NADP") (NADPH +H")
-00C COo0- S =
— -00C cooQ-
GLUTAMATE Schiff - Base
0
H,0
— - - +
00C . + NH4

- cOO

a-Ketoglutarate

Wikimedia Commons
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Chemical Thermodynamics

glycogen,;r residuas) + |:”i =

Qlycogen; 1 residues) + @lucose-1-phosphate

H H
H [ N [
=6 = N=le =(c
H” I YonH HY |  “oH
H H
R O H R
L
NS G G G
HY |  NOH
H H
Peptide Bond
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Chemical Thermodynamics

Hydrolysis of ATP
HzN HzN
=N
=N
N
M
e ¢ g INY - e o L)
0=~F—0—P—0—P—0 N " o—P_om 0-P_0—P_0 NT N +
| | 1 0 + HD | + | | 0 + H
oo o o o o
OH OH OH OH
> 1 ’ » Acetyl
ruvate
Yy Y
{2 NADH} 2 NADH ‘ 6NﬂDH| GFHDHzl
Y Y l
2 ATP 4 ATP 6 ATP 2 ATP 18 ATP 4 ATP
substrale level | 4 { eleciron ‘ + edeviran wanbstrite fevel |+ eleriron elerimn
vy ltion e prapert plzrphoryiation it

Wikimedia Commons

Jramsport

~{
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Chemical Thermodynamics

H O Q oPO.
\\ / 2 3
C 9 Celvecraldeiyvde 3-phosplicte \\C/
| dehvelrogenaye |
H— C—0OH + NADT + PI —lii H— C —0OH + NADH + H*
| |
- -
CH,OPO, CH,0PO,
AG"
hydrolvsis phosphoenal-
i pYyruvate
1201 4 3-bisphospho-
giycerate
phosphocreatin
9.0
ADP | —» | ATP
-6.0
-3.0
glucose 6-phosphate
glycerol 1-phosphate
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Chemical Thermodynamics

R1
M
,- H}F \O_ITI_O_
u . 0_
HJ’ % OH OH o
id
A ‘\\
..... ~ 2
H/‘:I‘-..c/”\c/‘zxo— 4# """ HN““%—/CZE:\* ﬁ:“,- ) . HF‘/’\\O—T—O—
b, P N
& ) &N\
3H; (9)+ Ny(@) — 2NH; (9) AH® = -46.2 kJ mol
AS® = -389 J K™ ol
AGY = -16.4 kJ at 298K
K, _ AH°f] 1
In—L-— 28 (— _
K, R \T, T,
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Chemical Thermodynamics

0, - 20 low temperature

0O, > 920 very high temperature

If a chemical system at equilibrium experiences a change
in concentration, temperature, volume, or partial pressure,

then the equilibrium shifts to counter-act the imposed change.

104



Chemical Thermodynamics

The reaction of sulfur dioxide with oxygen is as
follows:

380,(2)+0,(g)

_ 250, (g)
AH =-197.8 KJ mol-1

At 1000°C and 0.3 atm, the equilibrium con-
stant, Kp, is equal to 3.42. Which of the follow-

ing strategies would increase the yield of sulfur
trioxide?

I.  Increasing the pressure of the
reaction vessel
II. Introducing a catalyst
ITI.  Heating the reaction vessel further

AT
B. TandII
C. HandII
D. I.IandII
100
95.8
9
.c):n
£
Z
Z 50
&
0 26,8 40 80 120

Oxygen partial pressure (p0,. mmHg}
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Solutions

Mole fraction:
H_,\
IEA = ”A + FIB + ...

Percent by mass and volume:

mass of solute

e LLr
mass of solution % 100%

mass %o

vol of solute

— o,
vol of solution * 100%

vol %

Premed Village

Solvent Solute
gas gas
liquid gas
liquid liquid
liquid solid
solid solid

i , amount of solute

Concentration =

amount of solvent or solution

A400mL of 0.2 M NaOH solution

Molarity How many moles?

moles of solute

Iiter of solution

6.0 g NaCl (MW 58.4) in water
makes 250mL of solution. Molarity?

Molality

moles of solute
kilograms of selvent
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Solutions

4 ~—, i -\Gr""'*'--“.—-'“‘i ~—cH,

g oy O i P gy T g M gy,

i

oHy
Hy GHy -]

T TN N
& Wb{q,ﬁﬁo\

Solubility in Water

Methanol  infinite
Ethanol infinite
Propanol  infinite
Butanol ~ 90g/kg
Pentanol  2.79/kg
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Solutions

Wikimedia Commons

=14,

|

HH,
Flfeﬂ'ﬂ!'lt
(Arg ! R)

I.,
|
H,H® 30

MH,
Clubarmane
(Gln i

FPhenylalanme

(Fhe i F)

B

Tyrosime
Ty /YY)

TT

Tryptophan
{Trp, W)

H
I
HyN*™ -=C
I
WCHGY

I

MH,

Lysine

(Lys (EC)

[..
I

HyN™ -=C
|
CH.

Hiznidhne
(Hue 7 H)

H

H,

H N o

Prolize
[Pro f F)

|
HyN* -2C
1
.'.!_:3
Methionuze

(Met ¥ M

GClutarnc Acid
(Glu s EY

Agpartic Acid
thsp I

H
|
HH* -2

H-C-0t

|
TH,

Threonine

(The /T

Cystene
(Cys!C)

“H. i"H.

Leucine
(Leuwd L)

HMH
Asparagine
s M)

[zolevcine
{lle 1)

H

H,W* -oC
I

|"'H . .|" H.

Waline
Wl 4 W)
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Solutions

"
=

Heagent
Hofmeister Series

F~ ~ S0 > HPO! > acetate > CI” > NO; > Br~ > ClO; > 1 > ClO; > SCN~
NH; > Kt > Na® > Lit > Mg®* > Ca’" > guanidinium
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Solutions

Wikimedia Commons

Wikimedia Commons
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Solutions

a-- Nat

_ar ., He .M

Na*, [ Nat’ Na* H \v..o \ -
e g ] o \

NN e I L

= BT L« ‘g H M

. Nat v Nat . O'"‘H L \

c)-ﬂi-dlf
; P .
:,S: ol x| N
: _Nat _H = ar
=0 ., "0 H O—%
d 5 h~d 4 9
1/0\: '[ 2
H.—-O
x
o] X
@
+9Q "
Go
+9Q w
‘@
< o 5-
A o+
o
o+
o
X ot

111



Solutions

CuSO,(s)y — ™ Cu*(ag) + 2S04 (ag)

CuSO,(s) =——— Cu®(ag) + 2807 (ay)

CusOy .
Solution -
L]
'
Tt Solid
= @ Cusoy |

Premed Village

Endothermic solution process - positive AH

heat + solvent + solute solution

Exothermic solution process - negative AH

solvent +  solute solution + heat

Premed Village
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Solutions

SOLUBLE INSOLUBLE
NH.,KP,N“_" 5.
(c::ccpl wath Na K, \'H4+. \-I52+. L732+. B32+. Srz_}
NO,~
0-
Cl—, Br, 1™ tex::epl withNa', K™, BaZt, 8%
{except with Pb, Hg,,z__ Agt & Cu
OH
5042 fexcept with Na©, K™, f‘a2+, Ba2+, srth

24 o 24 24
(except with Ba™ |, S5 . Ph™

2+ . 2+ 2+ 2
Hg,™ ., Ca &Agz ] C_r()_l
{except with Nat KT I'\-'[g2+, NH;‘I
—_— - 7_
PO & Co}?
{except with Na : KL “-'H4 I]I

Testing an Agueous Solution for the Presence of Flouride
CacCl, (s) Ca®* (ag) + 2CI (ag)
Ca*(aqg) + 2F (a9 —— CaF,(s)
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Solutions

PbSO,(s) =——= Pb*(ag) + SO, (aq)

[Pb**][SO,*]
= [PbSO,]

K. = [Pb*][SO,]

sp

= 2.53 X 1078

AB.(s) == PA%(ag) + QB (a)

K,= [A"[B"]°

CaF,(s) ———= Ca%*(aq) + 2F (aq)

K, = [Ca®][F]°
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Solutions

Calcium oxalate

o) 01%~
calt "\ A
a ?p——CK
o 0

ed Village

CaC 2 C )4

Ksp

27x10Y

Gout is associated with the appearance
of crystals of monosodium wurate
monohydrate (hereafter called sodium
urate) in the synowvial fluid, causing an
inflammatory reaction. There is a good
correlation between the incidence of
gout and raised serum uric acid
concentrations. In particular the
occurrence of gout increases rapidly
with concentration above the
saturation solubility of sodium urate in
physiological saline, about 0-4 mmol/1
(7 mg/100 ml). Apparently we can
view the development of gout as
stemming simply from the process of
precipitation from a supersaturated
solution.

What is the Ky of sodium urate?

(Concentraton of physiolagical saline: 130mMI NaCl)

O'Na*

H

NP NN
N N

N

0” NN
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Solutions

PA*(aqg) + QB (aq)

A Bq (s)

K,= (A" [B°
AG = AG®° + RTIn Q,,
AGO = _RTln K_gp

Q,gp < K sp - AG of the solution process is negative and all ions are present in solution
Qsp = K sp - Al of the solution process is zero and the solution is saturated

Q,;p > K sp - AG of the solution process is positive. The solution is supersaturated and
is precipitating

PbSO, (s) Pb* (ag) + S0 (aq)

K,= 253 X 108

What is the molar solubility of PbSO, in a 0.1 M solution of Na,S0O,?
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Solutions

CaF, (s) Ca** (aq) + 2F (aq)

1 liter of saturated CaF, solution was evaporated at room temperature, leaving
0.017 g (2.2 X 10-4 mol) which was collected as a residue. Calculate the
K;p of CaF, at room temperature.

Ca%* (aq) + 2F (aq)

CaF, (s)

The solubility product of CaF, is 3.5 X 10-11, calculate the molar solubility of
CaF, at room temperature.
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Solutions

Use the following solubilities to determine the solubility product constant:

PbS 1.7 X 1074 M
SrF, 1.01 X 10° M
Cu(l0z), 5.6 X 1077 M (in 0.5 M KIOj)

Which is more soluble in water?

CaCO, K,= 48 X 10°
Ag,CO; K,= 48 X 1072

Which precipitates first when concentrated Na,CO; is added to
a solution 0.1M for both Ca2+ and Ag+?
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Solutions

The solubility product constants of AgCl, AgBr,
and Agl are, respectively, 1.7 x 101°, 4.1 x 1053,
and 1.5 x 10, If a concentrated ‘solution con-
taining KBr 1s stirred with solid AgCl

A.
B.

C.
D.

silver will be oxidized

AgCl will dissolve and solid AgBr will
precipitate

no reaction will occur

silver will be reduced

The K, of FeS is 8 X 107"°. The K, of PbS is 3 X 107, In a solution
containing 0.1 mM concentrations of both Fe?* and Pb?*, which will
precipitate first upon dropwise addition of 0.01mM Na,S?

What is the lowest concentration of Pb?* obtainable before FeS

begins to precipitate?
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Solutions

Mg (aq) + 2F~ (aq)

HF (aq)

Many hydroxide salts are insoluble.

What effect will changing pH have on Lead(ll) solubility ?

Pb(OH), K,= 1.4 X 1072
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Solutions

Henry's Law
C— T kpy o
°
© 6 o ©° 4 e ° o o°
© °® © e
© [] L e ©
© ® e o o ©
© = Oop i s T
© = ° o % o
"] o

Premed Village

A0 mm Yig

1 i

o [F=] G50 oTs

Transit Tima in Capillary
[Sec)

Wikimedia Commons

121



Solutions

Pa= X\P3

mole fraction of A

PY substance A

P substance B

mole fraction of B
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Solutions

Freezing Point Depression and Boiling Point Elevation
ATpp = kf (i) m
ATgp =k, (i) m

For water, ks = -1.85K L' mol!

For water, k;, = 0.51 K L mol!

1 atm

Pressure

Temperature
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Solutions

The osmotic pressure IT in a solution of volume V liters containing n moles of solvent
is given by the van't Hoff equation:

[1V =nRT

-

\"g g \\/
\ # [*7 ] \‘

Q @
| @ 9 L
1 [&] [*] :!
1} o ¥
\\\ 9 ] Q f,“'\\
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Acids & Bases

An Broensted-Lowry acid is a proton (H*) donor.

HCI —_— H + Cr
H,O E—— H* + OH-

An Bronsted-Lowry base is a proton (H™) receiver.

NH, + H* —— NH/

HO + H —— HO*

acid base base

HCCOOH + HO0 =——=  H,CCOO +

acid

H;O*
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Acids & Bases

“— .

jp S

— s
Bonded hydrogen lons dissociate Hydroxide ion (OH) forms the Oxonjum ion forms a conjugate
from the water molecules (2H0) conjugate base acld by accepting H' ion

HQO + HEO

H,O* + OH-

K, = [HgO*][OH]

W

[H[OH]

= 1.00 X 1074

Wikimedia Commons

At 25°C the autoprotolysis of pure water. shown below. attains equi-
librium hydronium and hydroxide ion concentrations of about 1 x 10~
moles per liter for each. The equilibrium concentrations vary somewhat
with temperature, however. At 0°C, the concentrations are about 8 x 10-®
moles per liter, and at 100°C the concentrations are about 7 x 10~ moles
per liter. What does this directly imply about the autoprotolysis of wa-

ter?

2H,0 H,0*+ OH-
a. Autoprotolysis of water 1s a second order reaction.
b.  Autoprotolysis of water is an endothermic process.
c. Autoprotolysis of water is spontaneous.
d. Water is a strong clectrolyte.

Premed Villag
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Acids & Bases

CHsCOOH + H,0 =——= Hz0* + CHsCOO"

HoO + HO0 =——= H,0* + OH
K.= [HO'OH] = [HOH] = 1.00 X 107
= - c
o 5
o v 2 & o v
[ Y (N +D
¢ " | o o L4 [ o e
'+' % e -
v ' g e o © ¢
) ° o ve ¢
o o0 &
< ¢ e (] I il
I [ 9 n - & 9 - @
pH = - log [H*]

H20 + HEO T —— H30+ + OH-
H,0 H*  + OH

K.= [H[OH]

W

= 1.00 X 107

Calculate the pH of a 0.001M solution of NaOH.
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Acids & Bases

Use the following relationship to calculate the pH of a 0.001M

solution of NaOH

pH + pOH = pK,, = 14
Acids Bases
Metal —_ -
Cl—H Br—H Hydridés Na—H Li—H
Nonmetal .
Hyvdrides N=C—H - g 1 5
Metal + — -
O [C@T][0F] [Na'] [0%]
Nonmetal Hydroxides
O ‘Oxvacids’ + _
| Met [Na® JJOH ]
H=—=—5"—=0—H Hydroxide B
| 9 (K" J[oH]
o) |l
HyC—C—O0—H [ca¥][oH7],
O
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Acids & Bases

" Exampie
HA + H)0 H;O* + A )
[HCO37][H]
[H3O*][A] [HTT[AT] [H2CO3]
K= A T . :
pKa = —lOg[Ka]
Determine the pK;:
K,of HNO, : 7 x 10
K,of CH;CO,H : 1.8 x 105
Which is the stronger acid!?
CF;CO,H CH;CO,H CH,CH,OH
K, : 59 x 10 K, : 1.8 07 K. 1.3:x 1078

True or false:? The larger the pK, the weaker the acid.
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Acids & Bases

B + HO BH* + OH p
EXAMPLE
[BHT[OH] [NH,*][OH]
K =g [NH;]
pK, = —log[K]
Determine the pK;
K, of CH;NH, : 4.4 x 10*
K,of CN" : 1.6 x 10°
Which is the stronger base!
NH; CH;NH, C¢HsNH,
Ki = 18x% 16° K, : 44 x 10* K. ¢ 43 x 100
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Acids & Bases

HA + HQO H30+ + A
[H] (] [HAJ[OH]
SERECTY B = A
g, it L RIORTE o
KH X Ky = [HA] [A_] = [ ][ ] = Kw
Kn X KI) - K\\.'
AG

H,504 + H,O ———= Hz0* + HSO4

Ea HCl + H,0 =———= H,0* + CI

HNO; + H,O —/———=  Hz0* + NOg~
H3D" + HQO -..—_'—.-_ H30+ + HQO

o

20
CHsCOOH + H,0 =——= H0* + CHzCOO"

40 H,CO3 + HO ——= H30* + HCO3”

HCN + H,0 —/———= Hz0* + CN-

80 H,O + H,O0O —/———= H0* + OH"
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Acids & Bases

[CH;CO,H] =

(Yo I, I||l|'|-||'|ll ANTIT

[H'] = [CH,CO,7]

[H*]?
a = 0.1 =

1.8 x 10°

Acid pK, Base PKy
H>50,4 sulfuric acid -3 HSO,4 17
HCI hydrochloric acid -3 Cl- 17
HNOj; nitric acid -1 NO;5™ 15
H;O+ hydronium ion 0 H,O 14
HSO4~ bisulfate 1.8 SO 12.1
H;PO, phosphoric acid 2. H,PO4~ 11.9
HF hydrofluoric acid 32 F~ 10.8
CH;COOH acetic acid 4.7 CH;COO™ 93
H5CO5 carbonic acid : CO5lag) 6.3 HCO5™ TF
H,PO,~ dihydrogen phosphate T2 HPO4* 119
HCN hydrogen cyanide 9.2 CN™ 48
NH4* ammonium ion 9.25 NH;3 4.75
HCO5~ bicarbonate 10.3 (08 3.7
HPO*> hydrogen phosphate 12.3 PO+ 1.7
H»O water 14 OH™ 0
NH3 ammonia 23 NH>™ -9
What is the pH of a 0.IM CH;CO,H solution? K, 1.8 x 107
[H*] [CH;CO,T]
K, = 1.8 x 107
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Acids & Bases

Henderson-Hasselbach Equation

HA H*  + A
[H*][A7]
K. = "
[ s x: e
[A7]
[HA]
log [H] = log K, + log m’)
[A7]
pH = Pk, + log ([HA])
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Acids & Bases

M-FI: 0-14

Premed Village

B Lot Babd b stre Bires

Premed Village

NaVa — Nbe

100 ml of HCI solution was completely neutralized
by 25ml of 0.2N NaOH solution. VWhat was the
normality of the HCL solution?
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Acids & Bases

i

15

10

Equivalency Point

2 PR=T

Titration of a Strong Acid with a Strong Base

15

10

| Half Equivalency

e

Basic Equivalency Point

pH = pk
: pH > 7

Titration of a VWeak Acid with a Strong Base
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Acids & Bases

e

15

10

| Half Equivalency
- pOH = pKj,

N

5[ ™~ Acidic Equivalency Point
1 K pH<7
B | L] | L] 1 ] L] | |
Titration of a Weak Base with a Strong Acid
g 15
. ~ Equivalency Point
101

Equivalency Point

Titration of a Diprotic Acid with a Strong Base
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Acids & Bases

CH:0), + O —» CO, + HO
CO, + HQO‘ e H2003
H2COS —_— HCOS_ + H*

Maintainance of acid-base balance in physiology

® Exhalation of CO,

® Excretion of H,PO,~ and NH,* by the kidneys

® NaHCO; buffer system

® Secondary buffer systems including phosphates and proteins

Which results from combining a concentrated
solution of HCI with concentrated K,CO,?

formation of a colored complex
precipitation

liberation of gas

a solution of weak base

Sowp
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Acids & Bases

*r ! T
o} 0 ¥
LaC—CTT H---“““C_Czo_ —  peC Oy
OH
NHS+ Loa P b
[H'] [HGly] [(H1 [Gly]
Ko = ey K = Haw]
pK, = 24 pk, = 98
CcOO
.
H;N—C—H
C
7\
O @)
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Acids & Bases

histidine side-chain

.-/ 0
Y H - — [
.Ej. e
|
H— (I: —QOH
2
CH,OPO,
et
N
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Fluid Mechanics

p=y

Po= density
Hl = mass
V = volume

Density is the mass
per wnit volume

Premed Village

Density

.__I_A;___-" =

L1y

O

higher density

lower densine

p=t

Premed Village

Pressure

P = pressure
F = force

A = area

.
L
L
-
-
-
—-
L.
-
L
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Fluid Mechanics

Premed Village

Pressure Increases with Depth

P = pressure
P = Pa. + p gh P" = mospherc pressure
p = density
£ = aecelermtion due w gravity (10m 5%

ft = depth

Pressure iy independent of the shape and size of the container:

Premed Village
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Fluid Mechanics

What 1s the net force acting on the circular, level
bottom of an open-topped water tower having a
base 20 m 1n diameter containing water to a depth

of 10 m?

A. 31x10'N
B. 10x10°N
C. 62x10'N
D. 12x108N

With the common mercury barometer pictured
at right, the atmospheric pressure is equal to —X
the product of pgh (p is the density of mercury).
Which of the following is not always true with
regard to this device when it is accurately mea-
suring atmospheric pressure? h

L
a. P_is very nearly a vacuum

b; P.=P

¥ )

c. P=P
y

alimi

d. P = 760 torr
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Fluid Mechanics

Premed Village

After adding a 50 ml sample of Liguid
X to the vacuum bulb at right, it was
observed to boil within the bulb. After
a time, the system reached the state
shown at right, the boiling having
ceased. Assume that the vapor pressure
of mercury at this temperature is nearly
zero (pressure of the gaseous phase
above its liquid phase) what can we
conclude from the experiment?

GPEN 1o aio-
sphere

Ny

Liquid X

Mereury

a. The density of Liquid X is greater than the density of mercury.

b. Liguid X possesses implausible properties.

c. The vapor pressure of Liquid X at room temperature is higher than

atmospheric pressure.

d. The bouyancy of Liquid X is greater than the bouyancy of mercury.

Premed Village

Pascal’s Law

=
1"

Pascal ¥ Law states that an incredase i the
pressure ot one of the surfaces enclosing a
fleeich will be transmitted as an undiminished
increase in pressure to all parts of the fleid,
This means for onr ivdranwlic press ar Fight
that one Inmdred newtons exerting over one
siquare meter, can hold wp four hundred
ewons over fl:'HH' .V(f”l:”'{’ mefers,

Force increase with hydraulics
F2=F1-(A2/A1)

F2

Piston Piston

area A1 area A2
Pressurized
hydraulic fluid

F2

Mechanical analogy

143




Fluid Mechanics

The Heimlich maneuver—Any pressure applied in the
airway against the closed thoracic cavity sealed accidentally
by the food particle is transmitted equally to the trachea as to
the rest of the lung. If the constricting pressure (applied by
the person performing the maneuver) generated in the thorax
during the maneuver is large enough, the particle lodged in
the trachea is pushed out relieving the choking. This is very
similar to pushing out tooth paste by squeezing the tube.

Archimedes’ Principle

uid displaced

1 B = Buoyam Force
] d

L W Boid displaced = weight of fluid displaced

TB The huovant force acting on a
subimerged mess
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Fluid Mechanics

A bar of lead has the dimensions 2 x 3 x 5 em?

and mass 330 gm. What is the specific gravity
of lead?

A1

B. 10

c. 11

D. cannot be determined from given informa-
tion

If the bar of lead were submerged in water,
what would be the apparent loss of weight on

the bar?

A, 300N
B. 1IN
C. 03N
D. UIIN

Continuity of Volume Flux

Alvl :/—12]}2 = constant

A = vessel cross-sectional aren

r o= flow speed

In the flow of an ideal fluid, the rate at which fluid volume moves through the vessel (volume
Where vessel diameter is narvowest, the flow

Mux) s the same evervwhere along the pipe,
.\"J'?:’l.’tf ix Iﬁr't’r:.h'_‘\'f.

Premed Village
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Fluid Mechanics

4 ™\ The diameter of tube segment AB i3 3 em. The
diameter of tube segment CD is 1 em. When
the flow speed through AB 1s 2 em/s, what will
the flow speed be through CD?

A, 6comfs
B. 18cm/fs
A C. 9cmfs
D. 15cm/s

Bernoulli’s Equation

P+ %pv2 + pgy = constant

= pressure

P = density

¥ = flow speed

g = acceleration due to gravity
¥ = height
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Fluid Mechanics

An aneurysm is caused by the weakening of the arte-
rial wall where a bulge occurs and the cross-section
of a vessel increases considerably. At the cross-sec-
tion of an aneurysm

A.

flow velocity will be reduced and the pressure
will be reduced

flow velocity will be reduced and the pressure
will increase

flow velocity will increase and the pressure
will be reduced

flow velocity will increase and the pressure
will inerease

Premed Village
4 .
Viscosity
1N = viscosily F/ A
F = shearing force Tl —
A = sheared area v; 1
Vo= sliding speed
{ = fluid thickness
F
— v
it
L]
L]
:
' %
] H'"\.H_.
i = /,x" Meticd
: o3 laminae
'
L]
.
'
The figure above shows laminae, or lavers of liguid, hetween two surfaces. The more viscous the
Muid, the lavger the shearing foree requived for the top surface to slide past the bottom surface
at a given speed. Viscosity reflects friction between the laminae. or flnid lavers.
Premed Village
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Fluid Mechanics

Wikimedia Commons

pvd

RN = T

(v Revoolds number)

Premed Village

leminar (streamline) flonw

RN
P
¥
d

N

The Causes of Turbulent Flow

= Reynolds number

= [luid demsiny

= fow speed

= geometrical property of the flow
(diameter of obstruction, pipe width)

= Viscosity

trbulent flow

fhigh Revaalds mamber)
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Fluid Mechanics

emed Village

Most blood flow is remarkably free of turbulence, although, under both
normal or abnormal conditions, turbulence may occur in certain areas
of the circulatory system. Which of the following would be most likely
to directly contribute to turbulence?

5]

)

a. decreased cardiac output
b. increased blood viscosity
c. localized narrowing of an arterial vessel

d. decrease in blood density

med Village

Poiseuille’s Law

g
_APTEF"‘ =

~

Q="3gni n

volume flux

change n pressure
pape or vessel radius
VISCORILY

pipee or vessel length

Pz flower pressire)
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Fluid Mechanics

With the plunger exerting the same negative
pressure, the total time required to draw 10ml
of blood through a syringe with a needle having
half the length and half the diameter would be

A, 1/2 aslong

B. the same

C. 8 times longer
D 2 times longer
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Fluid Mechanics

A large artery branches into two smaller Jﬁ
arteries, each with 50% of the radius of the <
larger. Since all blood flowing into the junc- ——\\\_\

tion enters the smaller arteries, the volume

ithi - AP r+
flux within the larger must be twice the 0= “TAT
volume flux through either of the smaller. 1
Thus, from Poiseuille’s Law: Poiscuille’s Law
" 2 0 = volume flux
ﬂf-{{ J'.l-* e Z&ﬁ?‘ .’h A_P = CIlLIrl'::L' m plL"\\ﬂln.'
lllr'.l f'h r = wvessel mdius
Which follows from this relationship? - i

a. Pressure drop per unit length is much greater in a small artery than
in the large.

b. Pressure drop per unit length is double in the large artery vs. the small.
Total flow speed in the small arteries equals total flow speed in the large.

d. Pressure drop per unit length is double in the small artery vs. the large.

The answer is(a)

Because of the extreme effect of the decreasing radius on viscous dissipation as
described by Poiseuille’s Law, decreasing the radius causes a very large increase
in the pressure drop per unit length.

In our example, if we substitute (0.5)r for r,:

ARg* _ 2ARR
’u - l'lh
APt 2AR(051)
Iﬂ - i!I'-
AP 1 AR
!il -8 ”F'-

A MAJOR CONSEQUENCE OF PQISEUILLE'S LAW IS THAT IN THE CARDIOVASCULAR SYSTEM, THE
NARROW VESSELS ARE MUCH SHORTER. |F NOT, THERE WOULDN'T BE PRESSURE REMAINING AFTER @
BLOOD FLOWS THROUGH THE CAPILLARIES FOR IT TO RETURN TO THE HEART.
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Waves

Wikimedia Commons

Transverse and Longitudinal Waves

" A transverse pulse. If the dis-
— placements associated with
{ wave disturbances move in

Wrrssrsrrss.a® —— b

divection perpendicnlar o wave
marion, the wave is fransverse.

{ K The individual mass ele-
ments move through a
cvele ay the wave pulse

lD!' ISEES. \

=\ &
{ETH T SR T T

[ A tengitudinal pulse. [f the
displacements associated with
\‘ wave distrfances move in a di-

I|
7 .
l’f H U l H4 rection paralfel o wave veloci,
é | | =4 the wave is longitudinal.

Premed Village

152



Waves

Speed of a Wave on a Stretched String

wave speed

F;' y
F tension

v ! | W = mass per unit length

4

Premed Village

Wikimedia Commons
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Waves

The wavelength of a harmonic wave divided by its speed of propagation
is equal to:

L wavelength (4.

AA [\
AVARV. Vi

a. the frequency

b. the angular frequency
c. the wave number

d. the period

A tuning fork produces an E note (frequency = 660 Hz). The wavelength
is 0.5 m. At what speed do sound waves move through the air of this
room?

—mie—
=

a. 132 m/s c. 330 m/s
b. 165 m/s d. 1320 m/s
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Waves

Premed Village

An FM radio station broadcasts at
100MHz on the dial. What is the
wavelength of its signal?

a. 1.0X10%m
b. 0.33m
c. 3m

d. 100 m

Premed Village

Sound Waves

p o=

v=yE &

speed of sound
bulk modulus

density

Sound wave propagation occurs by
means of the elasticity of the me-
livem. fmagine a three dimensional
mairiv in which mass elements are
connected by springs.  Increas-
ing the strength of the springs
fhulk modulus) wonld increase
the speed of waves throuwgh the

medivm,  Increasing the mass of

the elements (densing wounld slow
the werves down,
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Waves

Which of the following is a true statement concerning sound waves?

a. Sound waves can pass through a vacuum.
b. The speed of sound does not depend on the medium of propagation.
c. Sound waves are longitudinal waves.

d. Sound waves cannot be reflected.

Loudness

B=101log (£
0

P

e >,
b |
[ = loudness in decibels
I = intensity
I = 10" win
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Waves

After judeing a value of 120 dB a few meters in front of the stage to be
insufficiently loud enough, a rock-and-roll band doubled the number of
amplifiers in its stack. What was the loudness after the addition of the
new amplifiers?

a. 123 dB fiai '
b. 130 dB .
c. 14448 |

d. 240 dB .

———

Premed Village

Doppler Effect
’ v + v f' = observed frequency
. m— Y0 £f = source frequency
- s ¥ = wave speed
v + ‘)R ¥, = speed of observer
‘J.-.' = speed of source
= A ) [=
@

Because of the Doppler effect, the measured frequency of sound is greater for the observer the
tretin is approaching than jor the observer the train is leaving.

Premed Village
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Waves

Premed Village

Constructive and Destructive Interference

- - =+ el o, ey
™,

A

Constructive Interference Destructive Interference

Premed Village

Standing Waves on a Stretched String

BE B BT
3 n

The wavelengths of the normal modes cor-
respond to the possible waves with nodes at
the fixed ends.

}\fn 2 L
Its a simple matter to move from wavelengths to

frequeney if vou know the wave speed (deriving
from the tension, I and the mass per unit length,

W, aof the string): th
V= u—

:ﬂ'n = wavelengths of normal modes
L = lemgth of string

no= 23 e

f = [requencies of normal modes
Vo= wave speed
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Waves
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Standing Waves in Air Columns

Pipe Open at Body Endy Pipe Closed ar One End
2L 2L & . 8 B
?L”=2L.L.—....— n g ey M
3 4 Vv .'I" )
SRR o W "= et
== ds wak
Mol n N
(=123 (=135...)
- b= wavelengths
[= — n " b L
= = ; of nonmal R
= modes ;
- — — L = lengihor f —
pipe
l_-'-“'\._ S~ /..""-_' f = frequencies h_'_"*--_ L~
: ’\ 2 \ of normal /P(__.
i, ~ moides — SR
: ¥ = wave speed -
P 3 W
A A \ X l
o :; 2N i E -

Premed Village

A flute is an example of a musical instrument that functions as a pipe
closed at one end. What is the lowest musical note produced by a 0.75m
long flute (the speed of sound in this particular air is 330 m/s).

a. A (110 Hz)
b. B (248 Hz)
c. A (220 Hz)
d. E (660 Hz)

159



Waves
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Waves

Beats are flucinations in

o sound intensiny produced

f i At i v A when twa tones nearly equal

' in frequency are sownded
simuftaneousi

Premed Village
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Substitution vs. Elimination

H
CH3CH2 h..: —Br

HsC

Alkyl halide

£
H,CH 3 2
CH,C z\f Br Nu

SN2 Substitution

— /H
L ~CH,CH;
CHs

Substitution product

+
H /H
CH 3CH)\=—E_ f .
- Br: —_— C
Nu:/f ” R ‘-:*CHzCH3
H3C CH3
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Substitution vs. Elimination

SN1 Substitution
CH,CH,CH, . H,CH,CH, CH3CH,CH,
CHsal: H :Nu CHyal’
’ KC—OH —>  Nu—C + PSC—Nu
i 3
CH3CH; CH,CH; CH;CH,
CH;CH,CH; CH;E:ICHE ,fH
% 3 +
CHasc gy Ht — Sc—0 -
CH,CH, CH;CH, H
i +
CHiCH . /¥ H,C—C ,_.:'CHzCH:CHA
) / \_I y CH,CH;
H.C
/\ CH,CH,CH; CH3CH,CH,
- *  CH,CHCH F -CH i
—_— Nu:\ig"C/—‘C;';(H:CH; £l —_—  Nu— = H; + CH;‘-.f_Nu
CH,CH, CHyCH,
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Substitution vs. Elimination

E2 Elimination
H\ 5H CH
1.a\113 = HC. ‘H
E— :Base e
HaC sBaseL, el a—C C ~em,
H;CH,C Br Alkene
Alkyl halide
l—\ Bas(;:f‘_‘x_ &
Bow oo N e
o C— B { »UHy H;C
HaC 7y a8e He /S G — >  HcH,cmC= C""CH,
H3CH,C Br H-;CHQCI‘ Q
anti periplanar transition state
E1 Elimination
H,3C _
H Ch&. *Base 02020 1l " CH3
3 G —Br :Base gt g1 g}.is ~CH,
A||<y| halide H3C Alkene
+
HaC ) HaC
‘J’C\F —pr -Base HSCK;J 1?3'1': —— HaC—C ‘-ggq
A||(y| halide " &
H,yC Carbocation
- +
1335‘33‘_“\
—_— Hh"‘l‘;l ----- CH —_— -—'C Cx ‘--CH‘}
= ~CH H CHj
3 Alkene
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Substitution vs. Elimination

SN1 Substitution with Hydroxide Leaving as Water at the Allylic Position
G HC
HBr H;C-. ~H Hal -
Halomi e Hf ——= M Smg—pens T Coyr — v H
g \"l:)H 3 'H Br H
Alkene with allylic H Br
s
R Alkene mixture
=
HaCo H/
HC oo — o) Ii,f _HBr u-ﬁC—C*-c —
-‘“'DH
Alkene with allylic  j H \"H‘—‘BI'
leaving group
=5
. [I " H
> i]-I""' - ""C\c(‘_ + S ”3&;:1: =C""]é{/1 H| —
Oxonium ion 14 ™ H H"(("’
H " MH
H. C..':'C — CL“'C Hu . “JEI"'E,—C cu -H fﬁ\”y“c ca_rbocarion
intermediate
+ H
o 1%
HoCwc=c=H & H“‘g" ‘c=Cx
- = — e
H +C\ I_r-* -[[ —_—
‘Brt
H4C
| § N
HyC o — [VH o TR - |
Br
Alkene mixture
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Substitution vs. Elimination

Substrate

Nucleophile

Solvent

Temperature

If the substrate is a primary alkyl halide, the reaction will almost certainly be SN2.
Exceptions: A bulky hindered base like tert-butoxide will tend to react with E2.

Watch out for allylic primary alkyl halides.
If the substrate is tertiary, the reaction cannot be SN2.

Charged nucleophiles/bases will favor SN2/E2. Deciding between SN2 & E2, look at
the basicity. Strong bases with secondary subtrates will favor E2. Weak bases like

Cl-, CN- favor SN2.
Uncharged nucleophiles/bases favor SN1/E1.

SN2 substitution is favored by polar, aprotic solvents like DMSQO, acetonitrile, diethyl
ether etc.

If the choice is between El and SN1, high temperature favors elimination.

Premed Village
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Aldehydes & Ketones

Acetal Formation
0 . OR
S _Ha L R
R—C—R + 2ROH —— —R
RO
+ H
f-—’)'H—CI O/ . GH o]
He . (:” Fa — R R'...:f T
|- . R—C—R — f — /c—&
e T T T e -
‘e Py R+ H ﬂ.:: RO
RO~ R™H i
..K_"’H_Cl + +/
. QH , 1GH QH, o
Ral I N . Rﬁlﬁ, . ) y B -
= T = T — e —
RO RO Fu;._:ﬁ
B/R ] R . OR
I “c—n Rl
_ A—C—R _ A _ ‘?_
; R T RO
R0~ o
Glucose Ring Formation
HO HO
E— HO OH HO
OH CH
OH
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Aldehydes & Ketones

Glycosidic Bond Formation

B:
np HOoOH ™Y wo
Q / 4]
’Yk‘:g/ o A
galaclﬂsyl transferase oHN_ P

+ r-lactalburmin
O Lupp

HG OH HO
Q
o]
HO OMOH
OH YIH
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Aldehydes & Ketones

Imine Formation

R

22 o
_ o
O\Cf.uerH
& 1+
1
Lial
@ F
ol oz
N
o
e —|
o
' _2
_ z
o=u -
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Aldehydes & Ketones

Formation of Enzyme-PLP Schiff Base

~ +
i 5 . I
—0— T_OHEC e OH + (CH), — »  O—p—OH/C~ & o
—0 0
Nt T
N CH, N CH,
H H
Enamine Formation
R R
o R—N—R, 1‘\N/ 2
Ho |
—
H,CH,C — C—CH,CH, H,C—C=C—CH,CH,
| 7 3
H,CH,C— C— CHCH, H (H“Cr—/{Z—CH CH, HCH W] —cHh,
.. i H—n,
R—N—R, R—N—R, LR,
H H = K,
- = 0 - /! H,0
Q1) H,CH,C. 3 Ox i
H3CH1(_.~;§; CH.cH, f CH,CH, H3CH2C.-‘%(;- e z
e — .r/ H b T— :N,". b — I e T—
H=NT_ . LR, SN
Y 3 R 3 R,
L R, ! L R,
R. R
I\ )2 RI\ F I\ / r3
= Y o= s | = fr
H,CH,C—C—CH,CH, HC— g C—CH,CH, H,C—C=C—CH.CH,
i
H:—
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Aldehydes & Ketones

Cyanohydrin Formation

0 , OH
. HCN Rall o
R—C—R _ f—R
CN

rH-CN
5

‘|} (? " Rasy _ R R'..E.H 7
R—C—R" —_— R—C—R _ 3 . . .
-~ t- _ -~ C -
= W= f C
«C=N N o i

N
Premed Village
Kiliani-Fischer Synthesis
Hoon  oH
- -
f | M-t e "
N=C:m ¥ oy
N=CE c=0 Gl Lo H—C —8:— St — L —H
| | |
HO—C —H HO—C —H HO—C —H HO—C —H
 —— — | + | e
H—cC —OH H—C —OH H—.:l:—crH H—T“—OH
H—C —0H H—C —oH H—?—OH H—cl—GH
CH OH CH,OH CH_OH CH OH
cN cN
H_T_OH HO_T_H CH,OH CH,OH
HO—¢C —H —C —H A 0. O MafHg)
—_— 0 ‘|: Ho ‘|: — GH =0 + OH HO =0
H—C —0H H—(ll—-DH HO HO
H—C—0H H—»:l:—OH OH
CH,OH CH,OH
i "
C=0 c=0
| |
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Aldehydes & Ketones

Oxidation of Aldehydes & Ketones
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Aldehydes & Ketones

Premed Village
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Aldehydes & Ketones

Tollens’ Test
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Aldehydes & Ketones

Reduction of Aldehydes and Ketones with NaBH,
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Aldehydes & Ketones

P
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Aldehydes & Ketones

Keto-Enol Tautomerism
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Aldehydes & Ketones

Aldol Addition
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Aldehydes & Ketones
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Aldehydes & Ketones

Ribulose-5-phosphate Epimerase and Isomerase
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Aldehydes & Ketones

Imine-Enamine Tautomerism
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Aldehydes & Ketones

Transaldolase
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Aldehydes & Ketones
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Alcohols

Oxidation of Alcohols
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Alcohols

Malate Dehydrogenase
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Alcohols

SN1 Substitution with Alcohols
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Alcohols
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UDP Leaving Group in Glycogen Synthase
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Alcohols

DMT Protecting Group in Solid Phase DNA Synthesis
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Carboxylic Acid Derivatives
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Carboxylic Acid Derivatives

Ester Aminolysis
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Carboxylic Acid Derivatives

Esterification of an Anhydride
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Carboxylic Acid Derivatives

Chymotrypsin
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Carboxylic Acid Derivatives

Formation of Acyl-CoA from Acyl-AMP and CoA
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Carboxylic Acid Derivatives

Triglyceride Synthesis
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Carboxylic Acid Derivatives
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Carboxylic Acid Derivatives

Reduction of Carboxylic Acids with LiAIH,
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Carboxylic Acid Derivatives
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Carboxylic Acid Derivatives
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Carboxylic Acid Derivatives

Isocitrate Dehydrogenase
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Carboxylic Acid Derivatives
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Carboxylic Acid Derivatives
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Electron Carriers
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Electron Carriers

Reduction of NAD*
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Electron Carriers
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Amino Acids
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Amino Acids

(@) Positive

©)egative

A Amino Acids with Electricaly Charged Side Chains
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Amino Acids
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Amino Acids

Amino Acid pKa
Asp (D) 3.9
Glu (E) 4.3
Arg (R) 12.0
Lys {(K) 10.5
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Cys (C) 8.28 (-SH)
Tyr (Y) 10.1
Kyteand | Rose, etal Wolfenden | lanin
Daoclittle setal (1979)
(1 2) (] )
lle Oys Glyleulle |Cys
Val Val,ala lie
Phe,lle Val
Leu Wal Phe Ley,Phe
Leu,Met, Trp | Cys Met
Phe Met Alz,Gly, Trp
Oys
MetAlz | His Thr,5er
Tyr Trp, Tyr His,Ser
Gly Mla Thr
Thr,Ser Gly Pro
Trp, Tyr Thr Tyr
Pro Asn
Asplys,Gin | Asp
His Ser Glu His Gin,Glu
Asn,Gin Pro,Arg Asp
Asp,Glu Asn
Lys Gln, Asp.Glu
Arg
Arg Lys Arg Lys
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Amino Acids
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CH;
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Amino Acids
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Amino Acids
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Amino Acids

COO
"H;N—C —H
CH,

OH
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Amino Acids
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Amino Acids

'E'rg His - ' His
@ _.l:l Ser 0 \:N Ser
g 10 )
i NHY R R.,N"E' R
Ol 0@
?oo'
"HsN—C —H
I
H—C —OH
I
CH,4

219



Amino Acids

COO
"H;N—C —H

CH,
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Amino Acids

0 0
Q- enzyme O~ enzyme
NH5* 05 HO NH; O,
phenylalanine tyrosine
0

L-DOPA dopamine
OH
OH H
—
HO e S

epinephrine

norepinephrine {adrenaling)
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Amino Acids

COO
"H;N—C—H

CH,

OH

COO
HgN_C_H

CH,

gy}
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Amino Acids

CO0

H;N—C —H
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Amino Acids

O% /H
0 C
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—0— FI>—OH2C & | H
- ot H
o N :

H

+
HBN_
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C—H

C=NH,
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Amino Acids
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Amino Acids

]}
"HsN—C —H
CH,
C=—=CH
tHN. NH

N/
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Amino Acids

Ser 195

_H—O

Wikimedia Commons

CO0
H3N_C_H

CH,
dé'\o_

eeeeeeeeeeeee
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Amino Acids

COO

"H;N—C —H

aolol

+ |

Hs;N— C —H
I

CH,

CH,

- /7 \ -
00C COO
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Amino Acids

COO

HsN—C —H

COO

"HsN—C —H
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Amino Acids
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Amino Acids

Al

Ho
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0 H
HDOCV\)\N N.__COOH
: H
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Amino Acids

OH

HO

.____N

HO

,CH,OH

SCH

2 HSCH,CH,0H

+
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Amino Acids

CO0

+H3N—C—H

T
[
CH,
NH,
N NH, . .
OZC NH3 O;;_»C NH3 . \N
A ¢ ]
¢ ] y
s N A ] ol
U fs) N 5
CHg
OH OH o
I o)
)‘I\/ASP X
Hiorth_%o \ H., ~CHa HOJK/\\ .
i N
PN, !
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Amino Acids

Premed Village

potassium
phthalamide

—_—

Gabriel Synthesis

/CH-5 i
CII\'IE
/0
0=C P
Ha b =
f—Br Mi__ -
0=C
[¥]
CH;
H L
diethyl bramomalonate
CH,
R
CH;
/
o X
=0
base b R
=0 =0
€
CH;
g
CH;
MaOH 0 4+ HN— -
HyQ, ficar =
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Amino Acids

Strecker Synthesis
o COOH
0 1.KCN, NH,Cl é '
—————  HN—C—
— 2
R—C—H 2.H' H,0
R
+ F + * OH
o —H—NH; =ﬁH Rat
LA -
[ + Ot e 0 - R—C—H | . F T
R—C—H ¢ — I - i H—N.t i
R—C—H / \H
:NH, H
_ Cop + + o
/""QH HQOR
{Rak Re o H H
—H ~c—H ~ 7
| S P
_— IH o+ = If’? = "’ oA
—_— —N {,
™ Ny R—C—H
h !
L H
T H H H H —°
i AV R..jin . R._I‘q;Hz
P D | . - P I —
(* o i
L =N
[ ; MH, 17" . NH; 17 o WH;
! al -~
.0 | = ERi P— L
ﬁ[c_, :0H, =S HN=C
I + | \\——H"Q:‘ ] CH
T W ST
- b Ra & pretim Ra
H.0 C,C T\H - —H fransfer h‘}: —H
—_— Ve Vd "10H —_— p— + ey o
= HyN—C ¢ -
H;N \OH ! HaN C{HOH E i_x"QH
J +H20 HO
MH NH
R,.‘_": : Rat !
—MH; f_H -H* f_H
Ho— S Ho—
COH

Premed Village

235



Protein Structure
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Protein Structure

H,N

O CH,
H
_N C\HH ﬁ/OH
H 0

_—_Plasmamembrane

- Nucleus

E\.I

237



Protein Structure

Q Growing peptide chain

! Incoming tRNA
-(R“\F bound to Amino Acid

b

Outgoing
empty tRNA oL

MessengerRNA
Ribosome
Peptide Synthesis
0 o
| |
H H
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Protein Structure
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Protein Structure

() Terbeary slructure

1) Crualemany straciuns Homogkolbin
(glebalar protein)

Wikimedia Commons

Wikimedia Commons
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Protein Structure
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Protein Structure

a o S ¢

Wikimedia Commons

e
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Protein Structure

Ribonuclease A
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Protein Structure
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Protein Structure

Wikimedia Commons
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2. folding, oxidation
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cleavage
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. protease cleavage
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Protein Structure
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Protein Lab

Wikimedia Commons

Hofmeister Series
F~ ~ SO > HPO? > acetate > CI~ > NO; > Br™ > ClO; > 1~ > ClO] > SCN~
NH} > K" > Na® > Li* > Mg’ > Ca’ > guanidinium

Wikimedia Commons
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Protein Lab

B potein

labeling reagent
af sakent

o dialyzale

B. equilibrium

Wikimedia Commons

Eluent

Stationary phase

Eluate

Wikimedia Commons
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Protein Lab

Large particles cannot enter
gel and are excluded.

They have less volume to
traverse and elute sooner.

Small particles can enter gel
. and have more volume to

traverse. They elute |ater.

® @
Ve

& i chromatogram
| J

flow
time

Y

Wikimedia Commons

Sample proteins pass
aroundresin beads Salts and small molecules
flow (/iro00l resin beads

Proteins flow fasterthrough the column

Desalted proteins
are collected

Wikimedia Commons

249



Protein Lab

glucose residues

+ |0 S
The pool of protein ﬁDOF'

containing target protein

Wikimedia Commons

glucose-binding

b Cf,_target protein

—

other proteing
travel down

the colurnn

and be separated

— 1 glucose binds
L]

(I:H 3 fo CH .
N==CH Resin -CH CH —NH
Lo ¢ 9
Cl"|3 CHz-CH 5
Q-anion exchanger DEAE-anion exchanger
o -
&, Do oy | |85 0 A

the target protein
cleave it from
the residues

A concentrated solution
of glucose then is added

The demonstration of the steps in Affinity Chromatography
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Protein Lab

5) cell lysis to
, 5 release protein
BLI1 bacteria -
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ot ore Incubate with
peotein of Interes 3
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Protein Lab
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Protein Lab

Wikimedia Commons
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Hemoglobin (& Coordination Chemistry)

Fractional
Saturation

Oxygen binding by Myoglobin
185
0.5
0.0 &
P
112 PO, (torr)
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Hemoglobin (& Coordination Chemistry)

Wikimedia Commons
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Hemoglobin (& Coordination Chemistry)

Coordinate
Covalent

./Bond
: 3 Ligand
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Coordination Complex

proil % 7
N B 4 B O 8
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Hemoglobin (& Coordination Chemistry)

atomic d orbitals

IA

Wikimedia Commons

}

High d orbital splitting energy leads to low spin’ complexes

d orbitals
split by
octahedral field

d orbital splitting
energy

Omyhemnoglebin

Wikimedia Commons

CH,

R= glabin protain

Carboxyhemoglobin
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Hemoglobin (& Coordination Chemistry)

Percent saturation (sO,, %)

100

50

0 26.8 40 80 120
Oxygen partial pressure (pO,, mmHg})
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Hemoglobin (& Coordination Chemistry)

Oxygen Binding and Unloading

Oxyhaemoglobin Deoxyhaemoglobin

2 Bz Increasing [H']

Increasing 2,3-DPG
Falling [0,]

FE e —
Rising [0,]

Relaxed Binding Structure Tight Binding Structure
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Hemoglobin (& Coordination Chemistry)

O, saturation of hemoglobin (%)

100

20 40 60 80 100
Partial pressure of O, (mm Hg)

(b) Effect of pH

Oxyhaemoglobin (% Saturation)

100 ™ |
(Haldane effect: O displaces COZ from HB)
o I~
80 =
70 e
60 p—
50 = iBohr effectt oy dpH)
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30

20

10

| I O (N N N R N |
10 20 30 40 50 80 70 80 90 100
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Hemoglobin (& Coordination Chemistry)

.
O, _OPO, ADP ATP 0
; Phosphoglycerate kinase )
H——OH : > H
0PO,” P

1,3-Bisphosphoglycerate

Bisphosphoglycerate 5
mutase = 2,3-Bisphosphoglycerate
H OPOS phosphatase

0PO,”
2,3-Bisphosphoglycerate

3-Phosphoglycerate
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Hemoglobin (& Coordination Chemistry)

100
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% Fetal hemoglobin
% Adult hemoglobin
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0, saturation of hemoglobin (%)

19 26.8 40 80 120
Partial pressure of O,
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Chemical Kinetics

Wikimedia Commons

Low concentration = Few collisions  High concentration = More collisions

Wikimedia Commons

264



Chemical Kinetics

5X1072 M
4%X102 M
3X1072 M

2X102 M

1X102 M

5 10 15 20

time (s)

Rate =

V

n, P + an

concentration change

time interval

A[A] -1 A[B] | A[P| 1 AlQ]

i

At N, At N, At Ny At
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Chemical Kinetics

V'

V'

-l MAL -l AIBL 1 APL 1 AIQ)

Ny At Ny, At N, At Ny At

k f(lA] [B], . . .)

v = k[APF[B]

2 HI (g)

Hy(g) + ©L(»

L ]

Al

2
v k [HI]
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Chemical Kinetics

Choose the correct rate expression for the reac-
tion below

2MgO + S1 — 2Mg + Si0,

rate = k [MgO] [S1]

rate = k [MgO]? [S1]

rate = 2k [MgO][S1]

1mpossible to detemine from given infor-
mation

Sowp

If the reaction rate 1s quadrupled by doubling
the concentration of a reactant, the order of the
reaction with respect to that reactant 1s

N S

A
B.
C.
D. cannot be determined except by
experiment
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Chemical Kinetics

CH,CH,Br + NaOCH, —» CHCH,OCH; + NaBr

Rate = k [CHsCH,Br] [NaOCH;]

Total order: 2

CH,CHBrCH, + NaSH ——+ CHCHSHCH, + NaBr

Rate = k [CHsCHBrCH,]

Total order: 1

A+ 3B + C -
Experiment | 2 3 4
[A] 05M 1.0M 1.0M 05M
[B] 05M 05M 1.0M 05 M
[C] 05 M 05M 05 M 1.0M
rate 0.2 M/s 1.6 M/s 1.6 M/s 0.4 M/s
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Chemical Kinetics

In [A]
— AAT Al - .
Ist S . In(2)
Order e Tk
“ Al = [A] kD)
In[A] = InJA], - k¢ ¢
1
2nd At SIOP(’= k half I
Order | L, T k(AL
—_— - —— = KT
Al Al
)
The decomposition of N,O, i carbon tetrachlo- A. 50x10%s
ride can be represented B. 40x10%s
C. 20x10%s
N,O0, —=4NO, + O, D. 14x10%s

The reaction rate equation was found to be
rate = (6.9 x 10* M s™) [N,O,]
If we begin with 30 g of N,O, in solution, ap-

proximately how much time elapses before only
I g remains?
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Chemical Kinetics

Reactants

| ]

roducts

Reaction coordinate

Free
Energy
.
Reactants :
' AG
I
-+
Products
Reaction coordinate
v = k[APBP
“E
(=)
Free & k = e RT
Lnergy
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Chemical Kinetics

Fraction of molecules

Kinetic energy

Premed Village

H,C=CH—CH=CH,

Conjugated diene

ol
H,C=CH—CH—CH, *F**

Brg
_—

Br
HsC — CH=—CH—

Br
Hs

1 A product
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Chemical Kinetics

Energy

without enzyme

activation
energy without
enzyme
Enzyme activation
energy with
enzyme

reactants
e.g. C;H, Oy + O,

overall energy
released during

reaction

products
CO,+H,0

Reaction coordinate

In the presence of a catalyst

I. Effective collisions among reac
tant molecules become more
likely to occur.

II. Chemical equilibrium will shift
toward the products.

III. The activation energy for the
reaction 1s lowered.

A, 1

B. TandIlI

C. ITandIII
D. LII, and III
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Enzyme Activity

Energy

Reaction progress

s Uncatalysed Reaction
=== Catalysed Reaction

Wikimedia Commons

Substrate

Enzyme-substrate complex

Active site

Enzyme

Wikimedia Commons
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Enzyme Activity

The substrate enters The enzyme clamps down
the active site of around the substrate, forming
the enzyme. an induced fit.

)~ ~

\
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Enzyme Activity

CH,CH,OH + NAD"

Yeast alcohol
dehydrogenase

i
CH,CH + NADH + H'
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Enzyme Activity
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Enzyme Activity

Wikimedia Commons

277




Enzyme Activity

Pentose Phosphate pathway

Glucose-6-P Oxidative phase

NADRY
Glucose-6-phosphate

T dehydrogenase

6-Phosphogluconolactone

Hy 0
Gluconolactonase
H 13

6-Phosphogluconate

MHADRY
G-phosphogluconate
NADPH dehpdrogenase
€0,
Ribulose-5-phosphate Mon-oxidative phase

Ribulose-5-phosphat Ribulose-S-phosphate
Isomerase 3-Epimerase

Ribose-5-phosphate Xylulose-3-phosphate

o

Clyceraldehyde 3-phosphate + Sedoheptulose 7-phosphate

Transaldolase

Fructose 6-phosphate + Erythrose 4-phosphate Xylulose-3-phosphate

' Trans ket olase
Glycolysis

Glyceraldehyde 3-phosphate + Fructose 6-phosphate

! !

Glycolysis Glycolysis
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Enzyme Activity

o)
cl)- | = NH,
0=P—0. N
0
o}

279



Enzyme Activity
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Enzyme Activity
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Enzyme Activity
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Enzyme Activity
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Enzyme Activity

OH
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Enzyme Activity

0
= HO OH
N/
HO O,P;}O
Ny

N

R = 5'-deoxyadenosyl, Me, OH, CN
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Enzyme Activity
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Enzyme Mechanisms
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Enzyme Mechanisms

N-Acetylglucosamine \ / \O h-Acetylmuramic acid
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Enzyme Mechanisms

Wikimedia Commons
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Enzyme Mechanisms
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Enzyme Mechanisms
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Wikimedia Commons

Chymotrypsin Trypsin Elastase
aromatic, bulky lysine or smaller, uncharged
residue arginine residue

Wikimedia Commons
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Enzyme Mechanisms
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Enzyme Mechanisms
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Enzyme Mechanisms

Ameount of enzyme

Burst phase

Amount of product
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Enzyme Kinetics
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290 90 90

Low substrate High suhstrate

Catalytic step

I 1

E+S—FES5 —>E+P

Substrate binding
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Enzyme Kinetics

Product formed ——p

Initial rate period

Time —»

Concentration
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Enzyme Kinetics

ES — E + P

k

1

E + § —= ES
k,

1) Assuming a steady state where [ES] 15 constant:

k. [EI[S]= (k, + k)IES]

__[E]IS]
EST= & + ok
_ k—l + kz
K, = 3

E][S
[Es] = 1]

=it E T P

2) Assuming total enzyme doesn’t change:

[E] = [E,] - [ES]

v =k,[ES]

_ (B [ESDIS]
[ES] .

M

[S]
[S] + K,

[ES] = [E,]

[S]
[S]+ K|,

v=kJE ]

_ [S]
= Vo8] + K
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Enzyme Kinetics
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Enzyme Kinetics

k, k
E + S ES ——> E + P
-1
Enzyme $ K M) ¢ |kepy (18) ¢ |keye / K, (1M7s) &
Chymotrypsin 1.5x 1072 0.14 9.3

Pepsin 3.0x 10 0.50 1.7x10°
Tyrosyl-tRNA synthetase | 9.0 x 10~% 7.6 8.4x10°
Ribonuclease 79%107 | 7.9x 107 1.0 x 105
Carbonic anhydrase | 2.6 x 102 | 4.0 x 105 1.5 x 107
Fumarase 50x1076 | 8.0x 102 16x 108

Hexokinase catalyzes the phosphorylation of both glucose and fruc-
tose. K_ for hexokinase with glucose is 0.15mM. K_ for fructose is
1.5mM. Assuming that V__ is the same for both enzymes, calculate
the normalized initial velocity (v,/ V__) when the initial substrate

concentration is 0.15mM.
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Enzyme Kinetics
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Enzyme Kinetics

Wikimedia Commons
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. The basic feedback inhibition mechanism, where the product

(P) inhibits the committed step (A-B).

Sequential feediback inhibition. The end products Py and Pz
inhibit the first committed step of their individual pathway
(G-D or G~F). If bath praducts are present in abundance, all
pathways from C are blocked. This leads to a buildup of G,
which in turn inhibits the first common committed step A-B.

Enzyme multiplicity. Each end product inhibits both the first
individual committed step and one of the enzymes performing
the first common committed step.

Concerted feedback inhibition. Each end product inhibits the
first individual committed step. Tegether, they inhibit the first
common committed step.

. Cumuiative feedback inhibition. Each end product inhibits the
first individual committed step. Also, each end product
partially inhibits the first common committed step.
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Blood Clotting & Connective Tissue Proteins
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Blood Clotting & Connective Tissue Proteins
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Blood Clotting & Connective Tissue Proteins
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Blood Clotting & Connective Tissue Proteins
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Blood Clotting & Connective Tissue Proteins
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Blood Clotting & Connective Tissue Proteins
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Blood Clotting & Connective Tissue Proteins
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Blood Clotting & Connective Tissue Proteins
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Carbohydrates
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Glycolysis

-
H\( P Oy 0P,
Celveeraddelivide 3-phosplate C
| delvdropenose |
H—C—OH + NADT  + —_— H— C—OH + NADH + H*
| |
CHIOPOSQ' CHEOP032'
0. OPO* 0. O
N3 N/
C Phasphoglycerate C
| + ADP e | +  ATP
H— C—OH — H— C—OH
CH,0PO,* CH,OPO,*
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Glycolysis

0 - 0 B
\\C/O \\C/O
I Phosphoglveeromutase |
H—C—OH e — H—C—O0PO,>
CH,OPO,* CH,OH
0 0N 0 oN
N/ N/
C C
| Enolase |
— 2- —_— _ 2-
H <|: 0PO, P — ﬁ OPO, + HO
CH,OH CH,
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Glycolysis

o, 0O 0 o
N N
cl Pyruvate (l:
kinase
(|:| —OPO,*” +  ADP + H* — <|:= + ATP
CH, CH,
D-[Glucose] [Pyruvate]

+ 2 [NAD]* + 2 [ADP] + 2 [P];

0

2 Oﬁj\o_+2[NADH]+2H++2[ATP]+2HQO
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Glycolysis

Change in free energy for each step of glycolysis

Step Reaction il Y
{kJ/mol) | (kd/mol)

1 glucose + ATP* — glucose-6-phosphate?” + ADPY + H* -16.7 -34

2 g]ucose-s-phcsphatea' —+ fmctose—ﬁ-phosphatea‘ 1.87 29
fructose-6-phosphate® + ATP% — fructose-1,6-bisphosphate®

3 . -14.2 -18
+ ADP~ + H*

-1.B-bi A e ol 3

4 fructose-1,B-bisphoesphate dihydroxyacetone |:::r‘.r::\£c|:::hsda2 * logg 0.23
g!ycemldehyda-ﬂ-ph&ephat@'

5 |dihydroxyacetone phosphate?” — glyceraldehyde-3-phosphate® |7.56 2.4

6 giyceraldehyde-a-phosphat?' + F'ie' + NAD* —+ 1,3- 6.90 1.29
bisphosphoglycerate® + NADH + H* ' '
1,3-bisphosphoglycerate® + ADP% — 3-phosphoglycerate® +

7 -18.9 0.09
ATP%

8 i}phesphoglyceratea' — E—phosphoglyceratea' 4.4 0.83

9  2-phosphoglycerate® — phosphoenclpyruvate™ + Ho0O 1.8 1.1

10 phosphoenolpyruvate® + ADP¥ + H* — pyruvate” + ATP% -31.7 -23.0
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Glycolysis

OH OH

Liver

Muscle
e D

Gluconeogenesis

2 Pyruvate S ATP

T

2 Lactate

Blood

——2 Lactate
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Pyruvate Dehydrogenase

Premed Village

Glucose
Glycolysis
AT
Lactate |< Pyruvate | [wapH
Fermentation
/ NADH
o, A tyl
e MADH
- CoA e FADH
Cycle :
Electron
Transport System
Fatty Acids A
hJ
Ho Y O,
32 ATP
Wikimedia Commons
D\\C/O' o
Prrwvate dekyvdrogenase | |
| romples C—CH,
H— C=0 + CoA + NAD* + o + NADH
| 5 —Ceh
CH
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Pyruvate Dehydrogenase
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T PoT
—p—0—p—0 & o—p—o0—p—o0
o I jr A
X7 0 o o} 0
| - ! + €0,
c=0 +
|
CH, \'—},
: Pyruvate N —Lys
defrvdroyenise (w\f./ -‘:ﬁ 4
A O
Diliveredtipndd
travsacetylse
(l:H 3 Ihfrvidradypen! (\
fransaceiviome M=—Lys
— 2 2
=0 « < Cﬁ e ﬁ( 2
flr Coh °H =0
=0
CoA—S5SH /"C
H,C
(\ cﬁ<:H CﬁCH
SH 5H ~
Difyvatralipeyd
it delvdrogendase FADHQ
NADH NAD
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Beta Oxidation of Fatty Acids

N
HO
0 Pz N
= N
0 0. 2 o ¢ N
_( N TANR. g y NJ
A .D
L 7 T
o Q\P o OH
-
HO™ oK
Q
o o—lc—R,
H1—<|:|—o—CH, 0 HO—LIHE o
CH—O—fl_'I—R, + 3HO —= CH—oH  + o—g—na + 3H
R,—C—0—CH, HO —~.lH,
9
-0—C—R,
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Beta Oxidation of Fatty Acids

HO_ClH.» ATP  ADP HO_LI“: NAD*  NADH + H* HO—CH,
CH—CH S CH—OH '\_../ - {i_H=O
= | e
HO — Cl H Ghwerol kinase 2'0 PO—CH. Cilycerol phosphate 2'0 PO—CH.
= s e dehvdropenase s C
Acyl CoA
0 svthetase O
| + ATP = I + PP,
R—C—0O R—C —AMP
Acvl CoA
(|:|:F H HS—CoA svnthetase ﬁ T
—Co —_ W
R—C —AMP " R—C—S—CoA
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Beta Oxidation of Fatty Acids
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H,N
~—N
8] 0 M )
I 1l oy O B\
R—C_O—li‘_o N Acyl Con R‘H-..‘_D_”_O N N Acyl Cont
o 8] VR A |r SyRetase
—_— _ —
CoA—=5 0 ©
Cof—5 N
H 0OH OH
g OH OH
B
0
Acyl Coa ||
sviitherase R—C—SCoA + AMP
_
Premed Village
Q CH H Fatw acvl Cad - carmitine CH H (4]
Il + | * | /P iy acid transferase + | ! | &
R—C—5 —CoA + HJC—N—CHJ—N—CH:—'C\ [ HS—CoA  + HJC—N—CH!—N—CHE—C\
| | 0 ‘ | | 0
CH, OH CH, C=0

R
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Beta Oxidation of Fatty Acids

i
R—CHJ—CHH—CHE—C —S—CoA

il
R—CH?—(IZZC—C—S—COA

H

g
I
H—CHI—(IZ—CH:—C—S—COA

H

o
R—CH,—C—CH,—C —S—CoA

Premed Village

FAD FADH,

Acyl CoA
delivdrogenaie

H.O

2

Enovl Cod
fydretase

NAD®  NADH

+H"

L-F-hvelravevaeyl Cod

delivdrogenase

CoA—5H

{H-ketothiolase

i
R—CH?—C=C—C —S5—CoA

OH 0
R—CH,— (li—CH)— C —5—CoA
H

Il Il
R—CH,—C—CH,—C —5—CoA

i i
R—CH,—C—S—CoA  +  HC—C—S—CoA
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Beta Oxidation of Fatty Acids
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Citric Acid Cycle
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Citric Acid Cycle
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Citric Acid Cycle

NAD*  NADH + H* LS H* O, H_I

:T' C
I
" P
‘OOC—?—H NS > ‘OOC—CI—H NS H—Cl—H
c c=o
| I
C

Ivocitrate Isocitrare

H—C—0QH delivdrogenase - delivdvogenase | =0
C
SR )C XD S
oo 0 o] oo
Premed Village
0 8] O 8]
N N
C C
| |
H—C—H a-ketoglitarane H—C—H
| delvdrogenare |
H—C—H N compler H—C—H
| + Coh + MAD —_— | + COE + NADH
H— L‘|_‘= 0 =0
C 5— CoA

Premed Village

369



Citric Acid Cycle
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Citric Acid Cycle

O 0] go! 0
N4 N4
C C
| "X |
C—H \) HO—C—H
I P —— |
H_(l: Fumarase H_Cl_H
C C
7N VRN
0 \O 0] \O
O\C/;O O\C//O
| NAD* NADH + H' |
HO— (li— H U R (|:: 0
H—C—H Malate H—C—H
CI dehvdrogenase C|
7N \§
6 \O _O/ \o

371



Citric Acid Cycle
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Citric Acid Cycle
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DC Current

W

Flow of positive charge

|,
|
+1 -
Ohm’s Law
V = elecric potemtial
I = current
] V R = resistance
’— Potential difference V _I
Current | g |\ .'\\\ ] —
‘:l Resistance R " ‘l
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DC Current

When the push button at right is depressed, the 1.5 V battery causes the
50 € buzzer to sound. What current flows through the circuit?

a. 15 mA
b. 30 mA
c. 75A
d. 150 A

Tyl push
hutton

buzzer

@

DRY
CELL

.5

Volis

Resistance of a Uniform Conductor
R — L
-_— B = resisiaics
G A L = :-:‘:“:':I; length
A = resistor cross-sectional
R N -
A Po= reswstivity (1/C5)
CO00000
000QO0T
— Q000000
Q O .do 08 O By n_'rr.lrn'_u{iuu. rh_:' :!r'.-
COC0000 b e o
positive charge, which is
| opposite the direetion of
1 efectron flow i a metal-
l | V fie conditcror,
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DC Current

Electric Power

o er

current

ey

potential

= resistance

With neglible internal resistance, a battery delivers a steady voltage
to a variable resistor. With P representing the initial power output,
what is the final power of the circuit when the length of the variable
resistor is halved?

o
-I:-|::;|
o
S
(a]
)
oy
(=8
I
~
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DC Current

A 10V battery delivers current to a resistor immersed in 100g water within
a Dewar flask. What is the approximate current if the temperature of

the water rises by one degree celsius (1°C) per second?

b. 2.5A

c. 10A

d. 40A

10V
—

The varying mobility of biomolecules impelled
by an electric field to migrate through a gel
matrix enables their separation in gel electro-

phoresis. A buffered electrolyte solution pro-
vides the majority of electrical conductivity to
the matrix. If a researcher inadvertently used
a buffer solution of half normal concentration

hionrelecnles

with the power supply set to its normal rate of
constant current, which of the following would
QCCUr? (Biomolecnle charge-to-mass ratio unaffected),

a. Slower migration of biomolecules

b. Increased apparatus temperature

¢. Unchanged electrical parameters

d. Decreased electric field strength

bufier ions
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DC Current

Premed Village

Equivalent Resistance of Series or Parallel Resistors

R R

R.= R+ R+ Ry+ . .

The eguivalent resistance of rexistors in servies is greafer
than the resistance of any individual resistor in the series.

U Y (0
+R2+R3

R par I
The equivalent resistemce of resistors in parallel is less
than the resistance of any individeal vesistor in paraflel,

T

[

When three light bulbs of different wattage are attached in series to a
steady DC power source, the order of brightnessis C > B >A. If the circuit
is then reconfigured so that the three bulbs are arranged in parallel, what
would be the order of brightness in the new configuration?

o i N2
a. A>B>C \i/
/ﬁ; ?f
b. B>A>C
c. C>B>A
d. :1=B=c..
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DC Current

What is the value of the primary current, /,?

M

.0

o
L8]
]

=

2.0Q 3
§ 2.0Q
L
I 90y
a. 1.5A b. 2.25 A c. 3.0A d. 45A
Kirchhoff’s Rules
Kirchhoff’s First Rule (Branch Theorem) !
VWV
Lo=deidy e d
The sum of the currents into a junction I
equals the sum of currents out of the i AN
junction.
N Ri R.'-!
Kirchhoff's Second Rule (Loop Theorem) ANV
V,-IR -IR,-V,- IR, =0 V=
The sum of the changes in potential ¥
around any closed path is zero.
i
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DC Current
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Which of the following statements
validly describes the circuit at right?

|1-
”.

Vi- LR - LR, 0

V,-V,+ IR, - IR, =0

1 2
W1 =1+ I,

IV. V, - LR, - IR, =0

a.

b.

| only
I and I

AW
1
fz V' Rz
= |[= Lk
a R
l Iy Vv, 3
It

c. I, llandlll

d. 1,1, 1ll, and IV

Premed Village

Capacitance

A capacitor with a high ca-
pacitance can hold a large
amount of charge withowr
requiring a high voltage.

C=

AE—IE

I
II
| I I |

SCT Cl C.. 2 A

Q C = capacitance

— Q = electric charge
on a single plate

‘/ Vo= volage

+ -

+| =

[

+ 1=

=

:| |:

H

.HI_
Cp1|r=CI+C2+C3+° e

Placing capacitors in series decreases the toral capacitance. while placing capacitors in parallel

increases the rofal capacitance.
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DC Current

The RC circuit at right consists of a j\/\/\/
capacitor in series with a battery,
resistor and a switch. What occurs —l
within the circuit after the switch
is closed?

L
L

a. The voltage drop across the resistor decreases with time until there
is no voltage acting across the resistor.

b. The current is not steady state. It slowly increases with time.

c. After the capacitor has fully charged, the current flows in the opposite
direction.

d. The work done by the external voltage of the battery becomes stored
potential energy in the charged capacitor.

Graph (A) shows the current vs. time that ————AM\-
occurs after the switch is closed in the R,
circuit at right. How could the circuit be

: C
altered to transform the current vs. time ‘ |
graph into graph (B)? F e

vV
]
I !

(A) ! (B) !
a. Include another resistor in series with R,
b. Include another resistor in parallel with R,

c. Include another capacitor in series with C,

d. Include another capacitor in parallel with C,
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Magnetism

Premed Village

Premed Village

F =

== |

&=

Magnetic Force on a Moving Charge

gB vsin 0

magnetic force
particle charge
magnetic field strength
particle speed

angle between particle velociy
and the magznetic field

p=¥ sin H\\E_

To produce a magnetic fivee, a particle s veloe- \u
ity must have a companent perpendicnlar o A
the magnetic fiefd. I thar is the case, a force
is prociuced perpendicdar to bot the field and

the particle s velocin.
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Magnetism

A beta () particle (charge -1.6 X
10" C) moves at a speed of 1 X 10°
m/s at an angle of 30° to a uniform
20T magnetic field in the plane of
the image at right. What is the
magnetic force on the particle?

v

|

Ao""-.

v

¥

v

. 1.6 X 10" N directed out of the plane

a
b. 1.6 X 10N directed into the plane

el

[« %

. {3 X 103N directed out of the plane

. there is no magnetic force on the particle

v
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Magnetism

The figure at right shows the instantaneous velocity
of a positively charged particle within a uniform
magnetic field. Particle velocity is perpendicular to
the magnetic field (directed into the plane). Which
of the following images best represents possible
subsequent motion of the particle?

—-e —- T
C—
— =
(a) (b) (c) (d)
The answer is(c) B
R
The magnetic force is perpendicular both to the “\| ',31u
particle velocity and to the magnetic field. The Eall
particle moves in a circle. The magnetic force is 1 H
a centripetal force. 2 F \
petel oree: =g = 1 e |
) L4 . .r.\\- ||
X X X « | The radius of the circle is directly \ '
. proportional to the particle’s mo-
x o ks x '

! mentum, and inversely proportional
% % to the charge and magnetic field

F strength. _my
Y % X}-‘ b X 50X r= qB
V ”
X x  X ! x % x| The angular frequency of a particle trapped in
— circular motion within a uniform magnetic field is

B % % %] called the cyclotron frequency.

NOTE THAT THE MAGNETIC FORCE 1S PERPENDICULAR TO VELOCITY (AND INSTANTANEOUS DISPLACE-
MENT), SO A STEADY MAGMETIC FIELD DOES NO WORK ON A CHARGED PARTICLE. ITS DIRECTION @
CHANGES, BUT WITH NO DISSIPATION, KINETIC ENERGY 1S CONSTANT.

Premed Villag
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Magnetism
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The magnetic force produced by
the solenoid current upon the
cathode ray at right opposes the
electrostatic force produced by the
charged plates. Which of the fol-
lowing by itself could straighten the
beam so that it strikes the center of
the phosphorescent screen?

I Increasing V,
Il. Decreasing V

i
ll. Increasing V,

IV. Increasing V,

a. Il only b. IVonly

I“I’ll
—

cathode
ray

charged
plate

C. lor IV d. I, lorll

Magnetic Force on a Segment of Current Carrying Wire

F= LBIsin9

magnetic force on wire segment
segment length

magnetic feld strength

current

F
j
B
I

B

now omwonn

angle between the curmemt

and the magnenic field

—

/ - :f’sin 5}
? ”’

Magnetic force is directed our of the
plane of the image.
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Magnetism

Torque on a Current Loop within a Uniform Magnetic Field

tT=IABcos¢® - //*’—ix ‘*

=
®
1oL

= forgue on current loop

= current \/
-

= area of loop 4“’

= magnenc feld strength

= angle between the loop plane
and the magnetic field

S i~
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Magnetism
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From the point of view depicted

in the figure at right, which

of the following occurs when

current is supplied to the loop I x[L "
at right? Y i}

= e

COHNIN ol ] [.]
hr":.l.\'.h
a. the loop rotates clockwise |
l

b. the loop rotates counter-clockwise '
c. the loop is compressed

d. there is no net torgue on the loop

Premed Village

Magnetic Field of a Straight Current Carrying Wire

Bi=

B = magnetic field strengih at distance
f = <urremt
!|II = pemeability of free space
4 X107 TmA)
d = disunce from the wire

Ampere’s Law

For any closed loop patl, the sum of the prod- L

ucts of the length elements and the magnetic M

field in the direction of the length elements is

propertional to the eleciric current enclosed B B
in the foop (magnetic permeabilin. w . is the

constant of proportionalite). L
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Magnetism

When electric current is flowing in
adjacent, parallel wires:

the same direction through two,

a. The wires attract each other
b. The wires repel each other

c. The wires do not interact

Premed Village

d. The wires generate an alternating current

The answer is @

and opposite attractive force).

With your thumb of your
vight hand in the direc-

Use both right hand rules: Use the first rule, (RH,), to predict the orientation
of a field produced by the current of one of the wires. The second rule, (RH,),
predicts the orientation of the magnetic force (of course, each wire feels an equal

tion of the component

of the current thai is
perpendicular 1o the
magnetic field from the
other wire and your fin-
gers in the divection of
that field, the direction
of the magnetic force is
out of your palm.

MOT INTERACT.

Premed Village

Point the thumb of your
right hand in the direc-
tion of positive current,
then wrap vour fingers
around the wire to show
arientation of the mag-
nefic field.

PARALLEL WIRES WITH CURRENT IN THE SAME DIRECTION ATTRACT EACH OTHER. PARALLEL WIRES
WITH CURRENT IN THE OPPOSITE DIRECTION REPEL EACH OTHER. PERPENDICULAR WIRES DO
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Magnetism

Magnetic Fields Produced by
Various Current Geometries

. B=om4

=S|
i B = magnetic field strength \R
= I = curemt
| 5 W, = pemeability of free space
43X 107 TmA) ! :
d = distance Trom the wire 1 :-.
!
A o
'O
L'\N,.-‘ 4 Lt [

: 3 _ul i
QTG0 ) B="5, B=nyl

- .f T ’ - B e field ; B = magnetic ficld strength
= magnetic held strengih . z
1 Ih = within the solenmd
e af oo center
[ S ) ‘ PEs n = 1ms per unit kength
oy r = radius

i I"' ) .s\\‘\-‘ -l' 4 ¥ ‘ I 4 r rI .. .I;' y .\\ N
1] NN ) il “E‘ RN
A NN N NS0 7 AR

Al h‘i'l '}t 3‘%}‘?""/; 2 ‘4 5 ¥ iJ"h- v

389



Magnetism

Magnetism in Matter
Paramagnetism
Paramagnetic substances contain electrons within atomic or molecular
orbitals that are unpaired, producing net electron spin. Paramagnetic
substances are weakly attracted by magnetic fields.

Ferromagnetism
Ferromagnetic substances
can be permanently magne-
tized as randomly oriented
electron spins align coop-
eratively in domains. Ferro-
magnetism is much stronger
than paramagnetism.

Alignment of eleciron spins in a
ferromagnedic substanee,

Diamagnetism

In diamagnetic substances all electrons are paired. Diamagnetic sub-
stances are very, very weakly repelled by magnetic fields, a much weaker
interaction than either paramagnetism or ferromagnetism.

Ferromagnetic
Materia

B

Magnetic [
Domain
Boundaries

Magnetization
Direction Arrows
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Magnetism

Wikimedia Comm

ons

Premed Village

The graph at right shows the total B
magnetic field, B, within a volume
element of Substance X as Sub-
stance X is subjected to a changing

external magnetic field, H, which /

values @ and b. Substance X is

oscillates between the extreme ps /

paramagnetic

o

ferromagnetic

8

diamagnetic

d. polar
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Redox & Electrochemistry

2.20
Li
0.58
MNa
0.93

0.e2

Rb
£.82

Cs
0.79

Fr
0.7

Wikimedia Commons

Be
1.57
Mg
1.3
Ca
1.00
Sr
0.95
Ba
0.B9

Ra
0.9

La
1.1

Ac
1.1

Se
1.38

1.22

Ce
1.12

Th
1.3

Ti
1.54
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1.33

Hf
1.3

Af

Pr
1.13
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Ta
1.5
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1.38

Cr
1.686

Mo
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W
2.38

Sg

Pm

1.13
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1.36

Mn
1.55

Tc
1.9

Re
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Bh

Sm
1.17

Fu
1.28

Fe
1.83

Ru
2.2

Os
2.2

Hs

Eu
1.2

Am
1.13

Co
1.88

Rh
2.28

Ir
2.20

Mt

Gid
1.2

Crm
1.28

i
1.9

Pd
2.20

Pt
2.28

Ds

Tb
o1l

Bk
1.3

Cu
1.80
Ag
1.93
Au
2.54

Ry

Dy
1.22
cf
1.3

Zn
1.65

1.69
Hg
2.00
Uub

Ho
1.23

Es
1)

2.04

Al
1.81

Ga
1.81

1.78

Tl
1.62

Uut

Er
1.24

Fm
ety

c
2.55
Si
1.80
Ge
2.01
Sn
1.96
Pb
2.33

Uug

Tm
1.25

Md
1.3

2,18

As
2.18

Sb
2.05
Bi
2.02
Uup

Y
1.1

Mo
1.3

s

2.58

Se
2.55

Te
2.1

Po
2.0

Uuh

Lu
1.27

Lr
1.3

Uuo

Premed Village

CuSO4 + 2NaOH ——

metathesis reaction

oxidation-reduction reaction

FE)_Og + 3CO0 —— 2Fe + 3C02

Cu(OH); + NaySO4
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Redox & Electrochemistry

2Cu(s)+05(g) —— 2CuO(s)

CuO(s) +H5(g) —— Cu(s) +H,0(g)

The oxidation number of an atom is zero in a neutral substance that
contains atoms of only one element.

02 H 2 C fgraphite)
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Redox & Electrochemistry

The oxidation number of simple ions is equal to the charge on the ion.

Na* Cl- Mg?*

The oxidation number of hydrogen is +1 when it is combined with
a nonmetal.

CH, NH; H,0

Premed Village
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Redox & Electrochemistry

The oxidation number of hydrogen is -1 when combined with a metal.

NaH MgH, LiAIH,

In compounds the metals in Group IA have an oxidation number of +1.

KNO, LiF Na,S
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Redox & Electrochemistry

In compounds the metals in Group IlA have an oxidation number of +2.

MgH, CaCOs3 BeO

Oxygen usually has an oxidation number of -2.

Premed Village
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Redox & Electrochemistry

Halogens usually has an oxidation number of -1

A|F3 HBr ZnC|2

The sum of the oxidation numbers in a neutral compound is zero,and
the sum of the oxidation numbers in a polyatomic ion is equal to the
charge on the ion.

504_2 H2CO3 KM”O4
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Redox & Electrochemistry

2Fe + 3Cl, —— 2FeCl;s

4A + 30 —— 2A|203
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Redox & Electrochemistry

2AP" + 3Zn —— 2Al, + 3zn*"

2Al + Fe;03 —— AlILO3 + 2Fe
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Redox & Electrochemistry

3Ag+4HNO; — 3 AgNO; + 2 H,0 + NO

Premed Village

Cu(s)+2Ag*lag) —— Cu’*(ag) + 2Ag(s)
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Redox & Electrochemistry

Cu(s)+2Agtag) —— Cu’f(aq) + 2Ag(s)

Cu Cu?t
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Redox & Electrochemistry

AGmal 8- Iraruflrm:l'fml'lz

Kt + e —t= K A 300

AT 4+ 3 e Al

- ) + 100
&n + 28— Zn
Felt 4+ 28 —m Fe
Nit* 4+ 28 —= Ni
2H‘ + IE_ —_— HE _________ n
Cult + 2 —m Cu
Fe?t 4+ & —m Fedt
Agt 4+ &0 — Ag - 100
0, + 4H" + 4e° — H,O
CIE + 2e —_— -
MnO,” 4+ BHY + S —= Mn2 &+ 4H,0 - 200
+ -
03 + 2H + e —pDz + 4H2D
F, + Z2e — F~ - 300
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Redox & Electrochemistry

Reacting potassium metal with pure water pro-

duces

&0 o R

potassium oxide, K,O
a basic solution

an acidic solution
OXygen gas

Reducing Agents

LiAIH,

lithium aluminium hydride

NaHg

sodium amalgum

NaBH,

sodiuim borohydride

H>

hydiagen

Metals

Carbon

Hydrocarbons

Oxidizing Agents

0, 03 Fa
oxygen oFone fluorine
Cl; Br, I
chlarine bromine iodine

OCl™  ClOs™ HNO;

hypochlorite chlorata

CrOs CrO42~

chromium trioxide chromate

H202 MnO{

peraxides permanganate

nitric acicl

Cr2072_

dichromate
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Redox & Electrochemistry

Premed Village

cr K ]
.x-"'"’..- i7| | || _T-“-“"""-q.
U | N I
u|| | | O 1
Zn|—»Zn** || l,-l | || Cu—3 |Cu
Ancde l|/ \|I Cathede
n —— In?t 1+ 2e udt ¢ Zeo — = Cu

Zn | Ze?*(1.0M) || Cu?*(10M) | Cu
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Redox & Electrochemistry

Wikimedia Commons

1.65

[ | []
oY

[
(¥ )

[

N 77
HUL S

R
+0.80

+1.23
+1.36

+2.08

+2.87

Kt + e
Nat + &
At 4+ 3e
ntt 4 e
Felt 4+ 28
NiZt 4+ 2e
ZH®Y + 2e”
cutt ¢+ 2@
Fedt 4+ e
Agt o+ e
4HY 4+ 4p
CIJ_ + 2e

BHY + 5e
2HY + 2@
F2 + 2e

Mn2* +

AGImal 8- Inin:flrr\ll:l'Fnl:m'l.Hz

Ma

Al

4H,0

+ 4H,0

A 4300

+ 200

- 100

- 200

- 300
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Redox & Electrochemistry

The anode and cathode reactions for the silver
oxide battery are respectively as follows:

Zn(s)+20H (aq) —= Zn(OH), (s) + 2¢
AgO()+HO+2e ——= 2Ag(s)+20H (aq)

The standard reduction potential of Zn** is
-0.762, and the standard reduction potential of
Ag+1s0.800 V. What 1s the approximate emf of
the silver oxide battery?

a. 004V
b. 08V
c. 16V
d 24V
287 ——=

}'5__'1;"
| [~
L_J| | | |L_J
Zn|—» 707 | ' | | Mg

Anode J/ Nl Cathode

—— ZIn?*t 4+ 2e” IHY + 2es —— H,
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Redox & Electrochemistry

Commercial aluminum 1s formed electrolyti-
cally from aluminum oxide (Al,O,), which 1s
reduced at the cathode. Approximately how
long must a current of 965A be applied to form

277 g of aluminum?
(Note that 96500 C = 1 mole &)

a. 1 second
b. 1 1/2 minutes
¢c. 5 minutes
d. 300,000 seconds
a t \;olla?e
0, Hy0 Hy
L le— 201 2H* —Pi_!
Anode < 50y° Cathode
Lit —{»
H,0 ——~ 0, + 4H* + 4de M+ 2e — H,
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Redox & Electrochemistry

W — O+ 2e

s > Valtage
Solnce
'r.»"'"f Aguecus — H”"nm
e MaC| H,
o le—ar - —p |
Ancde Cathode

H* + 2e= ——~ H,

AE =

AE° —

0.0592 V
n

log Q

Zinc an

ode

Copper cathode

e

Cug)

flow

EUS0.

G + 20 —~ Cu
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Oxidative Phosphorylation

OH

~0 OH

NAD+ {oxidized)

NADH (reduced)

intermembrane
space
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Oxidative Phosphorylation

Intermembrane

Glyceraldehyde-3-
Phosphate
Dehydrogenase
1,3-hisphosphoglycerate Glyceraldefnye-3- G |YCO|YSiS
/ \]hnsphma
MNADH + H* NAD*

Cytoplasmic Glycerol-3-
Phosphate Dehydrogenase

chon - Glycerol
O:C;H:opoz_ "0_?’"! -3-Ph05phate
i cnzopoi-
D'hﬂ?s;{;ﬁ:me Glycerol-3-Phosphate Sh Uttle

S~
@ e

FADH, FAD

\\ __,/’7' Oxidative

X
Coenzyme QH, —— Phosphorylation

Coenzyme Q

\

Mitechondrial Glycerol-3-Phosphate
Dehydrogenase
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Oxidative Phosphorylation

NAD* NAD*

cMDH mMDH

NADH/H* NADH/H*

L‘l'JOO'

mAST

Cyt/IMR Matrix
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Oxidative Phosphorylation

Mitochondrial
Matrix

b T

INNERMITOCHONDRIAL .
 MEMBRANE ORI | ol LS
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Oxidative Phosphorylation

]
\)\
N M 's]

(]
MNH
2e +2H" /&
A—> N N (0]

H

OH OH
OH OH
HO HO
CH,OPO,Z CH,OPO,®
FMN {oxidized) FMMNH; (reduced)
S-.. S--... S-..
S F / 5 S F 4 2- S F /
S AR SR S i
\Fe S ‘ +e- W e S +e- \Fe S
5 F| 3 ——— s F| S et e e s ':l i
o Fe—|— A|°~Fe—|— e “Fe—|—
Z Fe/ e L Fe/ e Fe/
\ \ \
S S--- S
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Oxidative Phosphorylation

NADH NAD +H"
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Oxidative Phosphorylation

Mitachondrial
Matrix

Succinale Fumarate SDHA

A

| | i) . T ik Iy
- ; gl g I X
r " - - i k i wg ._:-\.._:._
G ] -

SD?'.NEDHD' INNER MITOCHONDRIAL

- L S
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Oxidative Phosphorylation

Inter-membrane Space

SO

000

slas elale o
Gaooo0ao0
Inner Mitochondrial
Membrane

QOOROGA0000000(0

'elnle'slein s eee

Matrix

Succinate

BOOOO00

H O

Complex Il

SDHD |

-----
=

>
QN T

@QHz)
DOOOOGa0

3x[Fe-S]

SDHB |
SDHA \_

FAD FADH»

Fumarate
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Oxidative Phosphorylation

Zz —

NH

M M
| | |
R R H
Nnxn\h‘éﬁ"m" N""“n.____‘
B- m’ BH H
R ’ -'
The "'yp‘-‘ g, —_— ’ﬁ ‘-““’0 .
jb", 0 _\cm
FAD ﬁ N/ FADH, /{N}
”ﬂ“\-._n jy Nﬂ-.__‘H ]? Nn"“‘*n Jf}“ﬂg.
N’.‘J N'H.r NH'
B- i 2
kS o ;
 —— "o o
CHy (
’ ) ’ NH> O FADH
L p Q
Hies'

His.
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Oxidative Phosphorylation

Al res, 5@ Tilohy,

‘Hem \
<

FADH,

\}&/

Succinate Fumarate + 2 H+

1.
2,

1.
2

Wikimedia Commons

Round 1:

Round 2:

Cytachrome b binds a ubiquinel and a ubiquinone.

The 2Fe/2S center and B, heme each pull an electron off
the bound ubiquinaol, releasing two hydrogens into the
intermembrane space.

One electron Is transferred to cytochrome ¢, from the
2Fe/25 centre, while another is transferred from the

B, heme to the B, Heme.

Cytochrome ¢, transfers its electron to cytochrome ¢ (not
to be confused with cytochrome ¢ ), and the B, Heme
transfers its electron to a nearby ubiquinene, resulting in
the formation of a ubisemiquinone.

Cytachrome ¢ diffuses. The first ubiquinol (now oxidized to

ubiquinone} is released, whilst the semiquinone remains Qe
bound. QH,
A second ubiquinal is bound by cytochrome b. M

The 2Fe/2S center and B, heme each pull an electron off
the bound ubiquinel, releasing two hydrogens into the
intermembrane space.

One electron Is transferred to cytochrome ¢, from the
2Fe/25S centre, whilst another is transferred from the B,
heme to the B, Heme.

Cytocrome c, then transfers its electron to cytochrome ¢,
while the nearby semiquinone picks up a second electron
from the B, heme, along with two protons from the
matrix.

The second ubiquinol (now oxidised to ubiquinone), along
with the newly formed ubiquinol are released.

4 H*

Complex Il

2 H*

ried
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Oxidative Phosphorylation

Step 1

“ /—17(* :
QHEII|/ ‘?Hzgllf/ LT
%‘\Q 1e™ M&%\Q._ 1e Mj

b \_T_/

2H'

Step 2

Wikimedia Commons

4 Fe2t-gytochrome ¢+ 8 H, + Os — 4 Fed--cytochrome © 4+ 2 HO + 4 He

Wikimedia Commons
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Oxidative Phosphorylation

x (Crte 4H"
(red) A
g
(0).4

IEEaem -
ocobiodd i,

4H +0, Q/Cu D
+

4H

S==s

Mitochondrial Electron Transport Chain
/ el H}“‘*'\-_
intermembrane I-uth cancentration

]
b T tri ¢
l ra o matrix Krebs ’ .
P high pH _ Cycle . l
i. fow H concentration \ ’ | ,;
FADH, f
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Oxidative Phosphorylation

Wikimedia Commons

ﬁ Glycolysis —»‘PyruvateH ﬁ_t:zt;l J
Yy Y

[ENRDH} 2NADH ‘ 6 NADH I 2 FADH:I

Y Y l \

2 ATP 4 ATP 6 ATP 2 ATP 18 ATP 4 ATP
afrenrmte level eleciron + elecirm + | sutserse fever | F elevtran elerimm »
ey laion ircenipenri rcevipert rhaers pleer viialicont e Iremspers

Wikimedia Commons
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Glycogen Metabolism

ald.bond

CH,0H CH-OH OH
O O
O
OH OH O
HO
OH 0 OH OH HO
! O
OH OH 300600 O OHO Q
Amyl
mylose HOO o ol
HO
Amylopectin HOC) Q
HO
HO
HQ-_\\
Hgm{_-—\'
o]
-
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Glycogen Metabolism

Wikimedia Commons

Wikimedia Commons

CH,0H HA0H HzOH




Glycogen Metabolism
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Glycogen Metabolism

u(I-- 4) bond
H
HO " o
phgsléfog:raw HO
HO .
OH
o
O"P‘T‘c? n
&E:me;. )\09 a-0-glucose-1-phosphate BEi:g: n
O\\
HO OH
HO )4
N
N
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Glycogen Metabolism

QIFEDQEH.;F residuas) + Fh'i = Ql?ﬂ‘}ge”[nJ residues) gIUCﬂSEJ-ph:}SpHEﬂE

o}
HN/NE
P
O UDP-plicose
prvraplosphioryiose
OH OH

PP,

Inarganie
pvraplospliotose

2P,

9]
CH,OH
9]
HO HMN |
L2, a CA\
OHl I I N
o ]

OH OH
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Glycogen Metabolism
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Glycogen Metabolism

Wikimedia Commons

Phosphorylase b Phosphorylase a
R State / 2ATP  2ADP 7
- () \_/ ol Really ON

T State

Really OFF

- = active site
#= phosphorylation

2ATP  2ADP
O @ o
PP 9.
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Glycogen Metabolism

Epinephrine Glucagon
> signal need of glucosa

> promote glycogen breakdown

K

Protein Kinase A (PKA)
> activates kinase
> promotes glycogen breakdown

®l
Phosphorylase kinase
2 ATP 2 ADP

U

< m
2P, 2HO

Protein phosphatase (PP1)

Glycogen phosphorylase b

> less active form

Protein Kinase A (PKA)

> inhibits PPl
> promotes glycogen breakdown

AMP ATP, GluépP

®T
Epinephrine Glucagon
> signal need of glucosse

> promote glyoog br

Glycogen phosphorylase a
> most active form

9

Glu

)

Insulin

> signals high blood [Glu]

> promotes glycogen synthesis
> decreases glycogen
breakdown
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Glycogen Metabolism

ATP

ADP

PFK-2

2-0,P0

2. 0,P0

QH

o
O

OH

OH

OH

FBPase-2

OPO,2-

OH

H.O
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Gluconeogenesis

Alanine
Cysteine
Glycine

Serine

Threonine

Glucose Tr}rp’mphan

N\

Phosphoenol-

A fat
spartate Dxaluacetate

Aspartate
Phenylalaning— Fumarate
Tyrosine

P}rruvate

Prfrwate \ l
s paragine &

Leucine

[soleucine

Tryptophan

Acetyl Cod =

Citrate

-Keto

Succinyl
lsaleucine CofA —glutarate
Methionine *""/'
Threonine
Valine

Arginine
Glutamate
Glutamine
Histidine
Proline

Acetoacetyl Col

Leucine
Lysine
Phenylalanine
ryptophan
Tyrosine
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Gluconeogenesis

COo” ATP  ADP 4P, ?OO GTP  GDP +P, : H,0 .
[ c=0 cao COO
£=0 | ¢ opor ;‘7 H-C—0POZ
I CHs | =1 p— I ’
nolase
CH5 HCO;, (|:OO' co, CH, OH—CH;
Pyruvate ; Phosphoenal- 2-Phosphoglycerate
Pyruvate PEP Carboxykinase P phogly
Sl Oxaloacetate pyruvate
Phospheglycerate
mutase
H.. .0 z
H,COH “(I:f P NAD* NADH OQCI/OP% ADP+P, ATP oo
C=0 =———F HCOH =~ = HCOH ~—=——"_ HCOH
Z- Triose phospt z -3 g : P
DIhH;COPOtj rnuissifn;:f:m ) Hch:Ph()d3 Gly'cera:jlgE;g?;giﬂp:;&;sphate HECOPC@ Phuspl:ig?:emte HECOPC’%
ydroxyacetone yceraldehyde- u - -
phosphate 3-phosphate L :E'c}?;igho S
Aldolase
2- :
H.COPO3 i H.COPOZ H,COPO%-
0. _H,COPOs o
H HO Fructose bisphos- .
H OH phatase Phc}:Er':-uDeﬂi;DSE
OH H OH H H OH
Fructose-1,6-bisphosphate Fructose-6-phosphate Glucose-6-phosphate
Glucose-6-phos-
phatase
P
H.COH

Glucose

Wikimedia Commons
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Gluconeogenesis

O
coo” ATP ADP + PI (|:00 )J\
Cc=0 [

HN NH
& I
3t HCO3 (|:OO' H "
Pyruvate GF:;'::;EH Oxaloacetate
”””/\\_/\
S COOH

Wikimedia Commons

0 0
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/ RN £
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A
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Gluconeogenesis

Oxaloacetate

GTP  GDP+P,

COz
PEP Carboxykinase

(|:00'
cI:I—OPc-%'
CH;

Phosphoenol-
pyruvate
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Gluconeogenesis

(%OO'
HO—CH
ki
Ccoo-
1
NAD" NAD"
cMDH mMDH
NADH/H* NADH/H*
(IEDD' 11'300'
C=0

Cyt/IMR Matrix
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Gluconeogenesis

2 Pyruvate

2 Lactate
o \

Gluconeogenesis T\
T 6 ATP

Blood

w

Wikimedia Commons

2 Lactatg
“"\-\.._\_

2 ATP

— 2 Lactate

R e H,COPOY
0. HCOPOZ P 0. CH,OH
H HO, Fructose bisphos- H HO -
- SR il [
OH H OH H H OH
Fructose-1 6-bisphosphate Fructose-6-phosphate Glucose-6-phasphate
Glucose-6-phos-
phatase
P
H;COH
Glucose
Liver
4 Y
_ Muscle

Glycolysis

2 Pyruvate

l
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Gluconeogenesis

0 O
HEC)LS/CDA + Hsc)j\S/COA 2 Acetyl-CoA
Thiolase
CoA-SH
8] O
_CoA Acetoacetyl-CoA
HsC S
Acetyl-CoA
HMG-CoA synthase
CoA-SH
CH
OH ° 0 B-hydroxy-B-methylglutaryl-CoA
- g~ COoA (HMG-CoA)
HMG-CoA lyase
Acetyl-CoA
0O (0]
J\/L Acetoacetate
HsC o
l NADH + H”

. D-B-hydroxybutyrate
Hon:enzyIstic NAD* dehydrogenase
decarboxylation

] COz
o] OH O
HacJJ\m-l3 o
Acetone D-B-hydroxybutyrate
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Pentose Phosphate Pathway

Premed Village

6-Phosphoglucono

6-Phosphogluconate "m?nas?
—— HADF"

o,

Ribulose-5-phosphate —Pimerase

Ribulose-5-phosphate
isomerase

Ribose-5-phosphate

Transketolase

Glyceraldehyde-3-
phosphate

— 6-Phosphoglucono--lactone

’ 6-Phosphopgluconate H i ‘_Glu:gtsl;-jﬁ-phﬁphate F
A rogenase
il L Ribulose-5- MADPHH' N Gluco&;b
., NADPH oy
phosphate \

Xylulose-5-phasphate

Transaldolase

Glucose

phosphatase
HEU—/

Transketolase

Erythrose-4-
phosphate

y

F

Sedoheptulose-7-
phosphate

Wikimedia Commons

Fructose-1,6-
hisphosphatase

o

Glucose-6-phosphate

ATP

Hexokinase, Mg®*

N e '/4;

mut

Phosphoglucose
isomerase

Fructose-6-phosphate «——

ATP
@;phoﬁucmklnase,
ADP

ase

UDP-G

UDP-g

ph
Glucose-1-phosphate

hogluco-

P,
Glycogen
phosphorylase
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Pentose Phosphate Pathway

Pentose Phosphate pathway

Glucose-6-P Oxidative phase

MHADPY

Glucose-6-phosphate

debyd
NADPH ehydrogenase

6-Phosphogluconolactone
H0

Glucornolactonase
H ]

6-Phosphogluconate

NADPY
G-phosphogluconate
NADPH dehydrogenase
<0,
Ribulose-5-phosphate Non-oxidative phase

Ribulose-5-phosphat Ribulose-5-phosphate
Isomerase 3-Epimerase

Ribose-5-phosphate Xylulose-3-phosphate

b

Clyceraldehyde 3-phosphate + Sedoheptulose 7-phosphate

Transaldolase

Fructose 6-phosphate + Erythrose 4-phosphate Xylulose-3-phosphate

' Transketolase
Glycolysis

Glyceraldehyde 3-phosphate + Fructose 6-phosphate

! !

Glycolysis Glycolysis

3G6P + 6NADP* + 3H,0

6NADPH + 6H + 3CO, + 2F6P + GAP
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Pentose Phosphate Pathway
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Pentose Phosphate Pathway

Transketolase
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Pentose Phosphate Pathway

C, + C, —— C C,
C, + C, ——= C C,
C, + C, =——= C C,
SIHT 3C _— 2C (:3
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Urea Cycle

Alanine
Cysteine
Glycine
>erine : Leucine
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Urea Cycle
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Urea Cycle
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Urea Cycle
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Properties of Light

Electromagnetic Wave Propagation

Which of the following distinguishes electromagnetic waves from sound
waves!

a. Electromagnetic waves are longitudinal. Sound waves are transverse.
b. Electromagnetic waves do not require a medium.
c. Electromagnetic waves carry energy.

d. Electromagnetic waves can’t be polarized.

: | .
Lighy L Sownd
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Properties of Light

The Electromagnetic Spectrum

Fregwency, Hz
10° 10° 10° 10% 107 10° 10" 10" 10" 10" 10 10™ 10" 10" 10'7 10" 10'% 107% 10" 102

e o
v o
: z = 'z
Radio Waves & Infrared 2 = X-rays y-rays

u] Rays 2
2 = =
= =

Wervelength km m ﬂm \

T & :g588E

€ ¢ Boxss

@ [ 2

5 d4a £

¢ = speedol light

m = frequency
3 X 108 : { — :mmlrls:n_l:tll

r
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Properties of Light

A radio wave travelling through space has a wavelength of 0.5m. What
is the frequency of the wave?

SO

} _____ 0.5m

wenvelength

a. 150 MHz c. 300 MHz
b. 250 MHz d. 600 MHz

Infrared spectroscopy is a technigue to identify an unknown compound
by assaying the absorption of frequencies of infrared radiation matching
the vibrational frequencies associated with the chemical bonds within

the substance.
Wave Mumber (em 1)

Infrared spectrographs usually =~ 3800 3400 3000 2600 2200 1800 1400 1000 600
represent absorption frequen-

cies as wave numbers (cm').

Wave numbers are reciprocal

values of the wavelengths of

absorbed radiation.

The unknown substance depicted by the spectrograph above has a strong
absorbance at 3000 cm'. What is the frequency in Hz of this peak?

a. 1X107 Hz b. 1X 10’ Hz c. 9X 10" Hz a. 9X10" Hz
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Properties of Light

When sufficient voltage is supplied to the induction coil in the apparatus
below, an oscillatory discharge occurs across the spark gap between
the two electrode spheres. The oscillatory discharge occurs at the
resonance frequency of the induction coil/electrode combination, an LC
circuit, at approximately 1 X 10® Hz. When the resonance frequency of a
nearby conducting loop with its own spark gap is adjusted to match this
frequency, sparks are observed across the gap in the nearby loop, even
though the loop is not touching the induction coil/electrode apparatus.
What are being transmitted by the coil/electrode apparatus to the locp

to cause sparking in the loop?

a. cathode rays
b. radio waves

c. alpha particles

d. x-rays \_

Reflection and Refraction

Law af Reflection

ei . ei, Air

Incident Ray

Reflected Ray

0. = angle of incidence Glass

0.° = angle of reflection

Snells Law Governing Refraction

n,sin 0. = n,sin 0,

n
i}
n

= g ™ e

Refracted Ray

inddes of retraction in first medium

ungle of mcidence

= andes of refraction in second mediom

angle of refraction
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Properties of Light

Index of Refraction

C o= andex of refraction of medium
n p— ¢ = speedof light in a vacuum
—
V voo= speedof light in the medium

N

A light ray travelling through glass (x

0'

= 1.5) is incident on the smooth, flat 30:
interface between the glass and outside y '
y . ; . Glass !
air (n = 1.0). The light is travelling at an BN

angle of 30° to the normal as pictured at  Air
right. Which results from refraction at
the boundary?

LV

(a) (c)

(b) 49 | (d)
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Properties of Light

Premed Village

A prism disperses white light
into its spectrum, revealing the
colored components of white
light. Which of the following
accounts for this behavior?

red
arange
yellow
blue

e indigo

violet

a. Red rays are refracted the most by the prism, violet rays the least.

b. The product of wavelength and frequency is the same for all colors

in the glass but not in empty space.

c. Visible light of longer wavelength moves with greater speed in glass

than visible light of shorter wavelength.

d. Moving from a slower to a faster media increases the wavelength of

a particular light ray.

Premed Village

The Critical Angle and Internal Reflection

Sin 9, = 22
= n
Light ( n 1 >' .”L, )
Source
B, = critical angle
I'JI = ndex of refraction m hrst mediom
n, = index of refraction i second medm
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Properties of Light

A typical fiber optic cable consists of two concentric layers: the outer
cladding and the inner core. The index of refraction of the core is higher
than that of the cladding. With a straight or slightly bending fiber, the
signal always strikes the core-cladding interface at an angle (from the
normal) higher than the critical angle. Therefore, the light is reflected
back into the fiber which allows transmission over great distance.

= ri=1.4

/\/ e

What is the minimum time required for the cable above to transmit a
signal over a distance of 90 km?

a. 3.0%X107s c. 3.0X10%s
b. 2.0X10%s d. 4.5X10%s

To develop a device for viewing objects

under ocean water, an inventor chooses | ... 52 IE o
a traditional periscope design as a start- e = glass

ing point. Attempting to improve image \ coltahon
quality, she experiments with filling the :
interior chambers of the periscope with .
pure water. However, she sees no im-

- g - 1 > "—:l-'. ok 'l "f
age at all through the modified device. {D é :':';',1?;:;:'““

Which of the following is a root cause of g plizng
BIss
the problem? evepiece

a. The device was filled with pure water instead of salt water.
b. Internal reflection at the eyepiece.
c. Water and crown glass are too close in refractive index.

d. The transmittance of water is too low (absorbance too great).
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Geometric Optics

Premed Village

Virtual and Real Images

virelual
object inge

reaf p&\
2 .
Hearse
A plane mivror creates o virtual image, A real image is created by a concave
located behined the mirror miivror (af this object distance) which

can be visitadized on a screen.

Premed Village

A detective’s magnifying glass and a concave make-up mirror are two
simple optical devices that can produce enlarged images.

AT

Which of the following statements is true about the images produced
above?

a. Image A is real and image B is virtual.
b. Image A is virtual and image B is real.
. Both images are real.

d. Both images are virtual.
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Geometric Optics

Light comes
from this side

Focal lengt

—— Hard surface

L 2 L
Center of Focus
curvature  (F)

(2F)

Reflective
surface

Wikimedia Commons

Principal

Light comes
from this side

Focal length
@ @

—— Hard surface

Principal Focus Center of

axis (F) curvature
(2F)

Reflective

surface

460



Geometric Optics

Concave and Convex Mirrors

| 1 _ 1 ]
3 ) F I 0

v e
M= [73 ¥ If £

‘ C = centerof curvature et
F = focal length (1720
I = image distince
0 = object distance DEV (diminished, erect. virtual)
M = lateral magnification with a single convex mtirvor.
0=C y _
~C _/F / Q
C>0>F O=F O<F

Aconcave mirror has a focal length of 20cm. What type of image will the
mirror form of a light bulb placed 80cm in front of the mirror?

V

a. virtual, erect, diminished c. real, inverted, diminished

b. real, erect, enlarged d. virtual, inverted, enlarged

Premed Village
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Geometric Optics

Wikimedia Commons

Wikimedia Commons
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Geometric Optics

Lens-Maker’s Equation
F =

focal length (112 C)

1 1 i
F=n-D(g - &) 57w

Positive (Converging) Lens
RI — positive
R, negative

F — positive

Negative (Diverging) Lens

RI - negative

R, - positive

F - negative

CONVerging

¥ I~ ; Converging and Diverging
0 = Lenses
| 0> 2F !
;gr I.‘ \II - I 1 s 1 + 1
0 F— .:i_ S S F ! 0
W 2
0=2F ; 1
.: |r: F 1 M e
- = ¥ ":i-: F = focal length
2F >0>F < I = image distnce
% _- .T‘I 0 = abject distance
F ! I» F M = lateral magnification
() | lII| -
O=F f
" 1 diverging S o
i =1\ = /
Fm-. Y S
1F o F or 1| F
lll'l‘ll )II lll

O<F
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Geometric Optics

A slide projector has a 100mm projection lens. When the focus knob is
adjusted so that the distance between the slide and the lens is 101mm,
the projector creates a focused image on a screen 10m in front of the
projector. What is the magnification of the image?

R
I:'{?’: ----- 1u1mm--.z0

Sticle Projector

a. =99 c. 100
b. 99 d. 990

The first prototype of a new camera design can’t produce a focused image
of an object near the camera. Which of the following might improve the
focusing on near objects?

Shutter
Aperture AN Film
- Lens 5= , '
; —— - For an ohject ar a me-
| e divem elistance, the camera
= Sforms a focused image on
-— the film.
Focus Adjustment

a. decrease the maximum distance between lens and film
b. substitute a lens with increased index of refraction material
c. increase the radii of curvature of the two lens surfaces

d. decrease the aperture

464




Geometric Optics

Wikimedia Commons

The Human Eye

Iris

Agueous ™
humaor -,

,

G
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Geometric Optics

A common vision defect results if
the eyeball is too long in relation to
lens and corneal structure. Which
of the following describes the
underlying optical causes of poor
vision in such cases?

Retina

ht
Cornea

a. Aninverted (upside-down) image forms on the retina.

b. Distant objects are focused on the retina, but near objects are focused
behind it.

c. The images of far objects focus in front of the retina.

d. The images of near objects focus in front of the retina.

Although most of the diffraction of light entering the eye happens at the
air-cornea boundary, adjustments of focal length to distance are made
by changes in lens shape, a process called accommodation.

' d R 7 Y
) 7R
| . " |
“1 '\ ’ N A = o
. Lens T/ =, ) 7
) " e il J
2 ,_.’;“ Cornea R

Which of the following happens when the lens becomes less elastic with
age and less able to assume a rounded shape?

a. The images of near objects focus on the retina.
b. The images of near abjects focus in front of the retina.
¢c. The images of distant objects focus in front of the retina.

d. The value of the near point increases.
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Compound Microscope

evepicee

image of the
ahjective
image of the

evepivee

Premed Village
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Wave Optics
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Wave Optics

Young’s Double Slit Interference

dsin® = mA

(m=0,%1,%2....)

Constrnctive inferference
acchirs af positions on the
sereen wheve the path dif-
Jerence from the two slivs

wavelengihs.,

Monachromatic
Light Sonrce D>>d

AD

¥ = =—'m

br d 10 is smadl. thren sin @~ y/D. ared this fornmda can be applied. No-
tice that narrowing slit separation, d, causes the fringes to spread
(m=10,21,22 ...} att. (A larger angle is requived for the same patl diffevence.)

Premed Village

is et impegval meanber of
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Wave Optics

Incident rays Reflected rays
1 2 14
1 a4,
.—""—_-—-—_

142
“
AT

0 _
Incident rays Reflected rays
1 2 14 142
2y 2
g . Ty
0

/\
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Wave Optics

Thin Film Interference

Condition of Constructivelnterference 2 t = ( m+ l) ?lv
fwith ene reflection having a phase change) 2 2
(=012, ...)

thin film thickness
wavelength of light

nn

n
Phase Chang within flm medium
ase Change
upen Reflection
(n,>n)" -
No Phase Change e \ B = 1.00
wpon Reflection ~ ~ &
(n, <n)
1.50
water
n =133
w

Premed Village

An engineer confirmed the thickness of a syn-
thetic microfiber to be approximately 3 microns by e
placing the filament between two glass slidesand ~ + + + + ¢+ + ¢

illuminating it with a sodium light (2 = 589nm). — =
Which view of the two slides from above shows '
the pattern of light and dark fringes observed? microfiber

a. C.

bm d
[
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Wave Optics

The Michelson Interferometer

b Ax =

M, ni
_____ Fi

509
sifvered

=

‘:]: ;
fight o /

8 beam £ </ compensaior
sonree sp!rrrw' /

plate

Ax = distance mirror | (M) moved
1 = number of fringe shifts

@ A = wavelength of light

Premed Village

Wikimedia Commons

474



Wave Optics

Wikimedia Commons

Single Slit Diffraction

RS
] B
—f_ "iﬁ] \ \
i
[
—_—
0D >>w
L] D

n A i
angular positions

w of dark fringes
fintensity minimal

sin B =

T . o o SR
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Wave Optics
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Monochromatic light is incident on a screen
which is provided with a narrow 200; wide
slit. The light emerging from this slit casts
the visible pattern seen at right onto a second
screen 1.5m beyond the first slit. The width
of the central bright fringe is 10mm. Which of
the following actions would increase the width
of this central fringe?

a. Decreasing the wavelength of the light
b. Narrowing the slit to 100 in width
c. Moving the second screen to 1.0m distance from the first screen

d. Employing an incandescent light source

Premed Village

The Diffraction Grating Spectrometer

s /’F"‘\&;\i_:? Condition for Maxima for a
P Y Particular Wavelengih:
N, N,
".‘ Wy

o

\¢ dsin® = mA
%

(m=10, 1, 2 3, ...)

The figure shows the respective angles of deviation (0, and 8,) for
the first order maxima (n=1) of h and b,. The first order maxinmum
occurs at the angle where the wave path difference for adiacent
slits equals 1 wavelength. For each wavelength, maxima also oc-
cur at the angles (as fong as 0 < 90) for n = 2, 3 etc. wavelengths
path difference between adjacent slits.
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Wave Optics

cm,

The image above shows the zeroth, first and second spectral orders cast
on a screen by the beam of a green argon gas-ion laser (i = 514.5 nm)
incident on a diffraction grating. Which pattern results after the entire
assembly of laser, grating and screen are immersed in water?

| | <m

w

| | | cm

:m

-~

| | | cm

Premed Village

Polarization of Light

Unpolarized Light

With unpolarized light, all directions of eleciric field vibra-
tions perpendicular to the direction of wave propagation are
passible. Most light sewrces produce unpolarized light.

Direction of propagation s
perpendicntar 1o the page.

E Polarized Light

With plane polarized fight, the electric field vibrates in a
E single plane perpendicular to wave propagation.  Different
- means exist to produce polarized light from an unpolarvized
source including reflection, selective absorpiion, double

refraction aid scattering,

Premed Village
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Wave Optics

Reflection polarizes light. For intermediate angles of incidence, between 0° and
90°, at least some of the reflected light is polarized because light in which the
electric field vibrations parallel to the surface are more strongly reflected.

Selective absoprtion polarize light. A polaroid film only allows the components of

the electric field vibrations to pass that are parallel to its transmission axis.

Double refraction produces polarized light within birefringent materials. In
these substances, such as calcite and quartz, the index of refraction is not the
same in all directions. Double refraction causes an unpolarized light beam
to be split into an ordinary (O) ray and an extraordinary (E) ray, which are
polarized in mutually perpendicular directions.

Scattering produces polarized light. For example, the vibrations of air mol-
ecules in the horizontal plane reaches the earth while the vibrations in the
vertical plane travel into space.

Brewster’s Angle

|
- Reflected light
//H/ feompletely polarized)
B \

'90°

|
|
|
)
Refracted Nl

(partially polarized)

1, )
tan 6, = ”_u (if n,~1) tan 9B= n,

Brewster s angle. at which the reflected light is completely polavized, depends on the indices
of vefraction of the two media. (Note that the index of refraction of air is very close to 1, so
Brewster s Law can often be simplified to tan §, = ),
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Optically active substances possess the ability to rotate the plane of
polarization of plane polarized light. To determine whether a transpar-
ent substance was optically active, a biochemist placed it between two
crossed polarizers, illuminated the assembly as below, and viewed through
the 2nd polarizer. Which of the following indicated optical activity?

a. Angular rotation of the image of the substance
b. Greater brightness where light was passing through the substance
c. Adouble image of the substance

d. The substance appeared opaque through the 2nd polarizer
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Nuclear Physics

1 Angstrom 0.0 m
(T

Wikimedia Commons

The Nucleus

A X chemical symbol, X, for the elemem

atomic number. Z. equals the number of protons
in the nucleus.

mass number. A, equals the number of nucleons
{protons plus neutrons) in the nucleus.

neutron number. N=A - Z

Isatopes of an element have the same number of protons but a different number of nevtrons in
the nucleus, in other words, the same atontic number, Z. but different newron nunber. N, and,
therefore. different mass number. A.

Isotopes of Hydrogen

HQ " (D i

aormal fivdvogen clewteriom fritinn
mielens nclens niclens

Premed Village
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Nuclear Physics

The femtometer (fm) is a convenient unit of length for nuclear physics
because its value is on the order of nuclear radii:

1fm=10"m

Through observations of scattering experiments, nuclear physicists have
developed a potential energy curve for the interaction of two protons.
For a system of two protons, which of the the following is the best rep-
resentation of potential energy versus separation in femtometers?

v U U
¥ r
(a) (b) (c) (d)
Premed Village
Nuclear Spin States
Nuclear spin quantum number, 1. .
PIng Element H iH 2C %C
Number of allowed spin states is 7+ 1. Spin 1 1
Quant #, 1 2 1 0 2
Spin states: =1, (=7+1),...,(-1+1),1 P 5 3 0 2
M B h An applied magnetic field splits the nvo
o AN spin states of a profon into states of
unequal energy. Energy is lower for the
state in which the spin magnetic moment
ix afigned with the external field.
-
VA
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Nuclear Physics

Premed Village

The greater the gyromagnetic ratio of a nucleus
with a net nuclear magnetic moment placed
within an external magnetic field, B, the greater
will be its precessional frequency. Due to differ-
ences in magnetic moment and angular momen-
tum, the gyromagnetic ratio of {H is 42.6, and
the gyromagnetic ratio of ';C is 10.7. Which of
the following statements is true regarding the
comparison of the behavior of these nuclei in
nuclear magnetic resonance?

Precession represents motion
of the axis of a spining body,
such as the wobble of a spin-
ning fop.

a. Within a given external magnetic field, the resonant frequency cor-
responding to spin flip is higher for |H than for \C.

b. The precessional frequency is always greater for ';C than for |H.

c. The angular momentum of |H is greater than ';C.

d. Both nuclei absorb radio waves at the frequency that their magnetic
moments flip in orientation with respect to the applied field.

483



Nuclear Physics

L |

Gamma /

L

Paper Aluminum Lead

Wikimedia Commons

a-particle,. ® % % %

X X X X X X %X %X %
Magnetic field into the page
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Nuclear Physics
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Radioactive Decay

Alpha Decay

*“Ra —— ZRn + iHe
Beta Decay

Py B - N +8 + v

13 13~ +
SN — NC + 187 + v

Electron Capture

‘Be + je — Li+ v

Gamma Decay

1250 * 125

s = ke o Y

A nuclei undergoes alpha decay by emitting
an o particle, which is identical to a helium
nucleus :§He=°. two protons and two neutrons).
Z decreases by 2 and A decreases by 4.

In i~ decay, a fi” particle. which is a high speed
clectron, and an antineutrino, ¥, are emitted. A
neutron changes into a proton in the nucleus (£
increases by 1 with A unchanged).

Infi* decay. afi* particle. (a positron, the anti-par-
ticle of the electron) and a nentrino, v, are emitted.
A proton changes into a neutron in the nucleus (£
decreases by | with A unchanged).

In electron capture, a nucleus captures one of
the atom’s own electrons, changing a proton 1o a
neutron (£ decreases by | with A unchanged), and
a neutrino, v, is emitted.

Gamma decay occurs when a nucleus in an excited
energy state (very often as the result of a prior decay
event) emits a very high energy photon, a gamma
ray. as it ransitions o a lower energy state.

Premed Village

An isolate of the ore, pitchblende,

is significantly radioactive. When
the radiation is deflected by the
magnetic field at right and detected isolate
photographically, one component of o
the radiation, X, is found to bend yo.
into the plane of the figure, and “JF

another component, Z, bends out * o
of the plane. The third component, ]
Y, is not affected by the magnetic S photographic
field. Which of the following de-

scribes the components?

pitchblende N

leaed

plare

a. X is composed of # rays; Y is y rays; and Z is « rays

b. X is composed of « rays; Y is anti-neutrinos; and Z is ## rays

"

o

X is composed of # ' rays; Y is neutrinos; and Z is /  rays

X is composed of « rays; Y is v rays; and Z is f/  rays
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Premed Village

Stable nuclides are represented by
a narrow band of proton-to-neutron
ratios on the graph of neutron number
vs, proton number. MNuclei falling
outside this regicn are unstable and
subject to radioactive decay. Un-
stable nuclei above the band are said
to be neutron rich, and those below it
are neutron poor. What type of decay
would be expected for the isotope of
phosphorus, 1:P?

a. « decay
b. fi* decay

c. /i decay

d. electron capture

120 g
110 b
'
100 o
stable o
90 nuelei

-N

Neutron Number

0 10 20 30 40 50 60 70 80 90
Proton Number - #

Premed Village

Activity and Half-Life

AN _
A; = AN

e

A = activ iy (disintegrations per second)
N = number of radioactive nuclei
f = time
A = decay constant
= N e—;‘. 1
0
number of radioactive nuclel

nononon

decay constan

e L

tme

T, lan _ 0.6}?3
'f'|:= half-life

decay constant

number of nuclen imnally present 13

Nuniber of radivactive nuclel
vs. fimie.

The half-lite is the time required for half
af an amount of a given radionnelide 1o
nndergo decay.
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In the upper atmosphere, cosmic ray protons collide
with nuclei causing reactions that produce neutrons.
These neutrons in turn lead to the transformation
of "N into "C. This is a continuous process which
maintains a ratio of "C to "“C in the atmosphere
that is fairly constant through millenia. After an
organism dies, it ceases exchanging carbon with
the atmosphere, and the ratio "C to “C decreases
through the beta decay of “C which has a half-life
of 5730 years.

Measuring the level of radioactive decay of "C in the
preserved epidermal tissue of a mummy, it was found
to sustain 20% of the activity of living tissue. What
is the approximate age of the mummy?

a. 1400 yrs b. 13,500 yrs c. 25,000 yrs

cosnc ray
prafons

atmospheric
nuclei

' N

“Ni:b'

p

)
‘cg

" earbon
\ cvefe [,

d. 30,000 yrs

Mass / Energy Equivalence in Nuclear Processes

Reaction Energy

Q:

.
Amce

¢ = speed of light (3 X 108 m/s)

Binding Energy

]
Eb = IZmP + Nm,; M1 X ¢~

Eh - |,Zmp + Nm, - M, |

2 = wtal energy released in a nuclear process

Amt = mass difference between products and resctants

X 931.5 MeV/u

EI- = nuclens binding energy

Z =
m, =

N =

atomine number
Tree proton mass

nettron number

M, = free neutron miss
"

".’!\ = atonmic mass of combmed nucleus
Nu

'y = speed of light (3 X ‘IGE m'sh
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The rest mass of a free neutron is 1.008665, and the rest mass of a free
proton is 1.007276 u. Which of these two nuclei is the most stable?

23
nNa
22.989770 u

¢. Their stabilities are equal.

d. 1Mg is more stable against « decay, while 1}Na is more stable against
[ decay.

Premed Village

Fusion and Fission

%

= 8.0

E h Fusion combines two light nuclei to produce a heavier nuclei. It requires very
= 7.0 ity high concentrations of reactants and high temperature conditions.

;.: 6.0 -"'? ¥ ¥ 3 i

g 8 tH + H =~ 3He + ;n

% >0 Fission is the splitting of a heavy nucleus into two lighter nuclei. In the reac-
2 4.0 tion below, note that a neutron initiates fission and that more neutrons are
£ 30 produced by fission. Thus a nuclear chain reaction is possible if the mass of
s 11U is sufficiently concentrated (critical mass).

= 2.0

= -

in + U — 'Xe + ¥Sr + 2in

30 &0 90 120 150 180 210 240
Mass Number A

Premed Village
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Wikimedia Commons

Wikimedia Commons

_of lis litatime has an
“onson-like" structura

Just prier 1o oxploding
B8 3 Supemava
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Nuclear Physics

Most nuclear fusion reactions achieved in the
laboratory require the reactant atoms to be
in the form of a plasma. Plasma is a very
high temperature form of matter in which
the atoms are completely ionized. Which
of the following best describes the required
plasma temperature for the sustained fusion
of deuterium and tritium? The helical magnetic field of a

tokamak fusion reactar traps
5 4 4 i the hf’j_f:l"r temperature ;:ra’_u.'.'mu.
TH + 'IH S EHE + .n preventing it from comtacting the
container walls.

a. the temperature necessary to fully ionize deuterium and tritium

b. atemperature great encugh for the kinetic energy of two typical col-
liding nuclei to exceed their electrostatic potential energy barrier

c. the core temperature of the sun

d. the temperature where the average particle speed produces a mag-
netic force greater than the electrostatic repulsion between nuclei

Premed Village

The graph at right shows potential energy vs. dis- ' Ul

tance between a deuteron and a tritium nucleus. clectrosratic
Before fusion can occur, the electrostatic force of repulsion
repulsion between the two nuclei must be avercome
by their kinetic energy. This allows the colliding
nuclei to approach within a few femtometers (fm) (1
fm = 10'3 m) of each other where the strong nuclear |
force prevails and fusion can occur. _J

I
N strong nuclear
Jorce atraction
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netiron
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N :.-wm'a "

&
b

Chain Reaction Fission of 53U

&
Lf
&y —
v

233
The 3U muclens undergoes fission after eap-
tring a thermal newtron,. The fission reaction
prrodduces twe fission fragments and, depending
wpon the particalar daughter nuclei. two or
three newtrons. These nentrons, in furn, can
trigeer the fission of other nuclei, leading to

Typical ““U Fission Rea:tlons

|I||1 + “’U

WXe + WSr + 2!n

“Kr + 3ln

o+ U —— 'gBa +

on + U —— 'gSn + TMo + 3in

492




Molecular Spectroscopy

Frequency, Hz
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wavenumber (cm-1)
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Through careful experimentation, Chargaff discovered two rules that helped
lead to the discovery of the double helix structure of DNA.

The first rule was that in DNA the number of guanine units equals the
number of cytosine units, and the number of adenine units equals the
number of thymine units. This hinted at the base pair makeup of DNA.

The second rule was that the relative amounts of guanine, cytosine, adenine
and thymine bases varies from one species to another. This hinted that DNA
rather than protein could be the genetic material.
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The /ac Operon and its Control Elements
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