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Hi, I'm Phil!

MCAT Content writer
Tutored and taught for 9+ years

Attended University of Nebraska
Medical Center as an MD/PhD
student.

v Next Step is a team of test prep and
educational experts committed to excellence.



Who Is Next Step? St

TEST PREP

* Began in 2009 as a tutoring company

* Focus on graduate admissions tests only

 Team of educational experts

* First company to have materials built from
ground up for 2015 MCAT format

* Now the first company to have new 2018
MCAT Interface

v We never stop improving our materials!
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Keq

N2 (g) + H2(g) €> NH3(g)
Keq = [NH3]A2 / [N2][H2]A3

pH = pKa + log (Cbh/A)
HCl(aq) + H20 (l) € > H30+ + Cl-(aq)

HCl(aq) €« > H+ + Cl- (aq)
Keq = [H30][CI-] / [HCI]

Types of Keq: Ka, Kb, Ksp, Kd, Ka, Kw, Kr, Kf...
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Used to determine the concentration of an
acid or base!

pH 14

At equivalence point, we have one acid
molecule for every base molecule

...................... | - equivaence

Ma Va = Mb Vb

25
volume of alkali added (em?3)

If | started with 5 mL of an HCI solution and
titrated with 1M of a Base as shown, what

) o 7
was my acid concentrations Was it a strong or weak base?
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Where on the graph will | find the most
HCI?

pH 14

HCl & > H+ + Cl-

...................... | - equivaence

|

pH = pKa + log (Conjugate base/Acid) 25

volume of alkali added (em?3)

What happens at the 'z eq pt?

N
N IS (N (Y (Y N N Y N N
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What can you tell me about my acid?
H,SO,

If | started with 5 mL of my acid, what
is it's concentration?

4.0

12.0

e

8.0
PH 6.0
Where on this graph will | find the
most HSO4- ?

4.0

2.0

What are the pKas?

&> HSO,- +
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H+ € S0,2 +

r’

2H+

4 = IR =

0.0 15.0 20.0 25.0 30.0)
Volume of (L1000 M NaOH. mlL
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What is the pH where this molecule has 0
charge overall?

Midpoint 3
pKa=4 O O pKa =2 Equivalence Point 3
N H 2 Midpoint 1
<+—— Equivalence Point 1
pKa =10

Base Added
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What is the pl for the following
polypeptide?

DEVARH

pKa and pl values of amino acids

Amino acid
Alanine
Arginine
Asparagine
Aspartic acid
Cysteine
Glutamic acid
Glutamine
Glycine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Proline
Serine
Threonine
Tryptophan
Tyrosine

Valine

3-letter
code

Ala

£ B

1-letter
code

= = (S v Bl 2 B~ B b BN O [l o BEE 2 RN >

<

pEka
C,-COOH

234
2.17

202

pKa
C.-NH;
9.69

9.04
8.80
9.82
10.78
9.67
913
9.60
917
9.60
9.60
8.95
9.21
913
10.60
9.15
9.10
944
911
9.62

386
833
425

10.07

Isoelectric
point (pI)
6.02

10.76
541
298
5.02
322
5.65
597
7.59
5.08
5.98
987
5.75
548
6.30
5.68
5.60
594
5.66
597




Practice Passage

Titration is used to determine the concentration of a particular compound in a solution. An
acid-base titration starts with a known volume of the desired acid or base. An indicator
that will change color near the equivalence point of the titration is added to the solution.
Then, an acid or base, typically a strong acid or base, is added dropwise to the initial
solution until the indicator changes color. Acid-base titration can be used to generate
titration curves, an example of which is shown in Figure 1.

Titration Curve (oxalic acid/NaOH)
14 -

l‘)

-—

10

pH

6

o

0 .
0 5 10 15 20 25 30 35 40 45

Volume of NaOH added (ml)

Figure 1 Titration of oxalic acid with NaOH



In order to keep track of titrations, specialized indicators are used. A drop of indicator
solution is added to the titration at the beginning; the endpoint has been reached when
the color changes. Selected pH indicators are listed in Table 1.

Range of

Color Change Acidic Color Basic Color

Indicator

Methyl violet 0.0-16 Yellow Violet
Bromophenol blue 3.0-4.6 Yellow Blue

Methyl red 4463 Red Yellow
Bromothymol blue 6.0-7.6 Yellow Blue
Naphtholphthalein 73-8.7 Red Green
Phenolphthalein 8.3-10.0 Colorless Pink

Table 1 Color Change and pH Range for Common Indicators

Isothermal Titration Calorimetry (ITC) uses the principles of calorimetry to determine
binding parameters of a biomolecular binding reaction. The experimental setup of ITC is
shown in Figure 2. Initially, water is added to the reference cell and a solution containing
the protein or biomolecule of interest is added to the sample cell. The heat source heats
each solution to the desired experimental temperature. The reference cell is held at a
constant temperature throughout the experiment. Then, the ligand is added to the
sample cell in small aliquots of known volume and concentration.



Ligand Syringe

Temperature Sensor
Sample Cell

D/

Reference Cell

Ny

Heater

/

Figure 2 Isothermal Titration Calorimetry device

As the ligand is added to the sample solution, it binds to the protein or biomolecule in the
solution. When the binding reaction occurs, heat is transferred between the reaction and
the surrounding solution. The sensor detects the change in temperature between the
sample cell and the reference cell and signals to the heater to adjust the heat transfer
accordingly to return the sample cell to the desired experimental temperature. The heat
transfer is measured throughout the reaction, and these measurements are used to
determine the thermodynamic parameters and binding parameters for the reaction.



Questions

A scientist uses ITC to determine the thermodynamic parameters of the exergonic reaction between a
protein (P) and its ligand (L).
Kon

P+L+= PL
Ko

Measurements reveal that as the ligand is added to the sample cell, the rate of heat transfer from

the heater to the sample cell is increased. Which of the following must be true of the forward
reaction?

. AH >0
[I. AS >0
. AG >0

| only

| and Il only
Il and Il only
I, 1l, and Il



Questions

A researcher is titrating an oxalic acid solution with NaOH as shown in
Figure 1. Which indicator is the most appropriate for the titration shown in

1 ?
F] gu re 1 ) Indicator C Range of Acidic Color Basic Color
olor C hange
Methyl violet 0.0-16 Yellow Violet
BrOmOphenOl blue Bromophenol blue 3.0-46 Yellow Blue
Methyl red 4463 Red Yellow
Methyl Red - ; o
Bromothymol blue 6.0-7.6 Yellow Blue
Bromothymol blue Naphtholphthalein 7387 Red —
. Phenolphthales 8.3-10.0 Colorl Pink
Naphtholphthalein s P
Titration Curve (oxalic acid/NaOH)
14+
12
10
- 8
=6
4
2
0

0 S5 10 15 20 25 30 35 40 45
Volume of NaOH added (ml)



Questions

The thermodynamic parameters of a binding reaction were
determined using isothermal titration calorimetry with the
temperature held at 37°C. What is the AG for the reaction at 37°C?

-1570 kJ/mol
-230 kJ/mol AH 220 kV/emol
230 kJ/mol A& —
1570 kJ/mol - .
Protein i
Concentration 0.05 uM
pH 7.4




Questions

Based on the titration shown in Figure 1, what is the pK, of oxalic

acid?
1 5 Titration Curve (oxalic acid/NaOH)
. 14+ .
3 5 12
) 10
800 < o 8
&6
13.0 4
2
0

0 5 10 15 20 25 30 35 40 45
Volume of NaOH added (ml)



Questions

Nitrous acid and its conjugate base are combined in a 1 to 5 ratio to
form a 100 mL buffer solution. If the K, of nitrous acid is

approximately 4.0x10-4, what is the pH of the buffer solution?

2.7 pH = pKa + log (Cb/A)
3.4
4.1 pKa = - log (Ka)

6.5



Questions

For which of the following titrations would methyl red be an

accurate indicator?

Strong acid/weak base
Strong base/weak acid
Strong acid/strong base
Weak acid/weak base

Range of

Indicator Color Change Acidic Color Basic Color
Methyl violet 0.0-16 Yellow Violet
Bromophenol blue 3.0-46 Yellow Blue
Methyl red 4463 Red Yellow
Bromothymol blue 6.0-7.6 Yellow Blue
Naphtholphthalein 7.3-8.7 Red Green
Phenolphthalein 8.3-10.0 Colorless Pink
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Educate Daily Approachability Authenticity Professionalism Ownership

We are dedicated to providing personalized support,
advice and prep options that match each student’s
individual needs.
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v Over 80,000 students have used Next Step
Test Prep in their MCAT Prep journey

“Next step is an invaluable resource, they truly have the best strategies in
regards to approaching each section of this test.” - T.D.

“Next Step helped me take my score from a 496 to a 523!! That's 35th
percentile to 99th! Every service they offer is top notch and definitely helps
you prepare for the MCAT"” - Gus

“This course has significantly improved the way | approach the exam, how |
study, and has given me great support with any questions | have had along the
way."” - Tyler
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Practice Exams

v' The most representative practice exams
available

« Continually updated for AAMC Changes

« Most students score within 1-2 points of
our tests on the actual exam




New 2018 MCAT Next
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Interface

) H u n d rec' s Of h o u rs Of Vi d eo I esso n S Medical College Admission Test - Clara Gillan @© Time Remnlnmq-; o:;z:r;:;
and content review |
+ 99th+ Percentile Instructors — T

Which of the statements below s supported by the
experimental results, as shown In Figures 1 and 2?

« Small-group Office Hours 5 days/ HPPE

and linearly correlates to the amount of ECP found
In the supernatant after centrifugation

Eh o=
week ' '
Y0 s e
NK - Eos rasio N . E : % * B. Celis cultured with a 1:1 NK-to-Eos ratio displayed

statistically similar lavels of activation to cells

cultured with & 5:1 NK-to-Eos ratio, as measured by

e Direct access to the MCAT Content e T B e

0.01, ***p < 0.001
° ) C. NK co-culture stimulates Eos activation while

Next, researchers aimed to assass the effect of NK co-culture on Inhibiting degranulation,

ea m eosinophil degranulation. After 3 and 12 hours of co-culture,
samples were centrifuged at 1500 rpm, and ECP levels were D. Co-culture with NK cells significantly increased Eos
measured in the supernatants (Figure 2), No ECP was detected in degranulation in all groups, as compared to Eos

supernatant culture of NK cells alone. cells cultured alone.

2
-

Next Step is ready. Are you? e

v Your practice experience matters! Prep with the most realistic testing
environment with Next Step.
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v Personalized help from some of the best
MCAT experts

« Get matched with a 520+ tutor

« Completely flexible and customizable
study plan




FREE MICAT Next
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Practice Bundle

v Includes
- Half-length MCAT diagnostic
* Full-length MCAT exam

- Content Review Videos

« Customizable Study Planner Tool Get your .

- & More FREE MCAT Practice
v' Supplement your prep with additional support tools B u nd Ie

Question of the Day Quick Prep
https://nextsteptestprep.com/

YouTube, Facebook and Instagram Content
mcat-resources-page/

Ongoing Public Webinars and Q&A Sessions
MCAT Blog: Content and Admissions
Next Step MCAT Forum
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e Best-in-Class MCAT Tutoring Packages
- Variety of packages: Crash Course to Elite
* Choices include our MCAT Online Course
« Personalized Study Plan for each student
« Top-scoring tutors

e Most up-to-date MCAT Course $300 off the course!
« All new books in 4-color, all online AAMC resources
« 10 full-length exams aligned to new interface

« Live online office hours for any Q&A held 5 days per BAS E 5300

week
- Study Plan Generator to match each student’s
strengths, weaknesses and schedule needs.

« MCAT Practice Test Bundles
« Available in 4-, 6-, and 10-pack bundles



Next

Step

TEST PREP

WGC U NVLAW LAWMYVYV 41WLE LVLA A VUL LVNUGAL

Step

CALL 888-530-6398 FOR A FREE CONSULT



