Sx1 REACTIONS
Problems document

Answers to these problems are available in the Answers document.

You can support these resources with a monthly pledge at my Patreon page:
www.patreon.com/freelanceteacher

Or you can make either a one-time donation, or a monthly pledge, using the
PayPal Donate button on my website: www.freelance-teacher.com

This video series is intended for students who find this material to be difficult, so in the videos I
proceed slowly and repeat myself a lot. If you find the videos to move too slowly, you can simply try
the problems in this Problems document, check your answers against the Answers document, and skip
to the video explanations for any problems that you find confusing.

There is a table of contents for each individual video in the progress bar at the bottom of the
video. You can use this table of contents to find particular problems you want to review.
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Sx1 REACTIONS Problems for Video (1)

Video (1)
OCHEM FUNDAMENTALS

This first video in the series covers fundamental concepts and techniques for understanding
ochem reactions in general.

Then, beginning with the second video in the series, we will show how to use these fundamental
concepts and techniques to understand specific Sy1 reactions.

The material in this video is partly a review of material we covered in the series on Sy2
reactions, but this video also contains new material not covered in the Sy2 series.
Problem (1a)
What is the most important factor in organic chemistry?

What is the most important tool for predicting what will happen in a reaction?

When you draw the products of a mechanism step, what is the most important part of the products to
get right?

Does nature “like” or “dislike” formal charges?
Does nature “prefer” atoms to be charged or neutral?
Does nature “prefer” formal charges to be big or small?

Which atoms are most likely to participate in a reaction?
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Sx1 REACTIONS Problems for Video (1)
Problem (1b)
Show the formal charges that we place at the beginning, middle, and end of a series of electron-pushing

arrows.
The choices are “positive”, “negative”, and “neutral”.

e}_e L'}'/‘DA‘P“JL;ﬂj c.f'ruwS

For a mechanism step that consists of a single electron-pushing arrow,
show the formal charges that we place at the beginning and end of the electron-pushing arrow.

Problem (1c)

Define each of the following roles: nucleophile, electrophile, leaving group

How do you draw the electron-pushing arrows for each of these roles?

What are some clues that we can use to identify which atoms will play each of these roles?

Problem (1d)
What types of neutral atoms can be used as nucleophiles?

Problem (1e)
What are the clues for an electrophile?

What role does a metal with a positive formal charge play?
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Sx1 REACTIONS Problems for Video (2)
Video (2)

Problem (2a)

How many steps are there in an Sy2 reaction?
What happens during that one step?

Define “o carbon”.

How many steps are there in an Sy1 reaction?

What happens during those two steps?

Problem (2b)
N row Lthe majo/ mechoni sm

Gr) major Prcéuc'llf.

Na Br

U ek
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Sx1 REACTIONS Problems for Video (2)

Checklist of things to do for the first step in a mechanism

1. Number all the carbons in the starting materials.

2. Draw formal charges for any ionic bonds.

3. Label which specific atoms will play which roles.
Identify the “clues” that tell you which atoms will play which roles.

4. Label the a-carbon.
Write down whether the a-carbon is methyl, 1°, 2°, or 3°.

5. Use the table to determine whether the reaction is Sx2, Sx1, E2, or E1.
Write down the name of the mechanism.

6. Draw electron-pushing arrows for a mechanism step.
Don’t begin drawing the products for a mechanism step until you have finished drawing the electron-
pushing arrows for that step

7. Draw the products of the mechanism step
Number all the carbons in the products. Make sure your numbers for the products of a step are
consistent with the numbers you used for the starting materials of the step.

8. Ask whether you have finished the mechanism, or require another mechanism step.
The reaction is usually finished when the “main product” of a mechanism step has no formal charge.
When the “main product” of a step has a formal charge, you usually need to continue the mechanism.
Exception: the “main product” of an Sy2 reaction can have a formal charge.

Checklist of things to do for each step in a mechanism after the first step

1. Label which specific atoms will play which roles.
Identify the “clues” that tell you which atoms will play which roles.

2. Draw electron-pushing arrows for the mechanism step.
Don’t begin drawing the products for a mechanism step until you have finished drawing the electron-
pushing arrows for that step

3. Draw the products of the mechanism step
Number all the carbons in the products. Make sure your numbers for the products of a step are
consistent with the numbers you used for the starting materials of the step.

4. Ask whether you have finished the mechanism, or require another mechanism step.
The reaction is usually finished when the “main product” of a mechanism step has no formal charge.
When the “main product” of a step has a formal charge, you usually need to continue the mechanism.
Exception: the “main product” of an Sx2 reaction can have a formal charge.

www.freelance-teacher.com



http://www.freelance-teacher.com/

Sx1 REACTIONS

Problem (2c)

Br

Na _L

Problem (2d)
In the term “Sy1,” what does the “S” stand for?

In the term “Sy1,” what does the “N” stand for?

Problem (2e) (Review problem)
How many steps are there in an Sy1 reaction?

What happens during those two steps?

Problems for Video (2)

D row the major mechanism

Gn) major Proaucf.
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Sx1 REACTIONS Problems for Video (3)

Video (3)

ACID-BASE STEPS
Most Sy1 mechanisms include an acid-base step.
In this video, we will learn how to draw the general mechanism for an acid base step.
Then, in the next video, we will learn how to draw an Sy1 mechanism that includes an acid-base step.

Problem (3a)
Define these roles: base, acid

Problem (3b)
Draw the electron-pushing arrow for a base.
Draw the electron-pushing arrow for an acid.

Problem (3c)
How is a base similar to a nucleophile?
How is a base different from a nucleophile?
Verbally describe how to draw the first arrow for an acid-base step.

Problem (3d)
What are the clues that indicate an atom can be a base?
What are the clues that indicate an atom can be an acid?

Problem (3e)
0/‘&.‘.«-‘ the mechaaism G O /Ofoéuc'é

@0H2 Hzo for an acid-hase s{e./a.
- —

When drawing the products of a mechanism step, what is the most important aspect of the
products to draw correctly?

How many formal charges do you change for every mechanism step?

How do you know which formal charges to change for each mechanism step?
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Sx1 REACTIONS Problems for Video (3)

Problem (3f)

0/-&“ the nmechanaifm GO ﬁfoauc‘é

CHOH

for an acid-hase step.
m—
C H,0H + \/k/

Problems continue on next page
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Sx1 REACTIONS Problems for Video (3)

Problem (3g)
Are these reasonable or unreasonable electron-pushing arrows? Explain.

®
o s

C 1,0+ ol D

Problem (3h)

What is the difference between a strong base and a weak base?
What is the difference between a strong acid and a weak acid?
Are water and alcohols strong or weak bases?

Is an atom with a positive formal charge a strong or weak acid?

Who is more reactive, strong or weak acid?
Who is more reactive, strong or weak base?

Determine whether an acid-base step can occur for each set of starting materials below

s
Cin Gn acid-bese Shep ocCur

qc]b 3 S+f°"j base——>

) + weak bage ~——s=

Sy
S+,0n3 G Ch

\UQ’OLV\ QC.{
\,JQ_QI‘{ Gtc.':o\. + L«)Q_CJ‘K boase —>

y 4 5-I-famj bhuse ——>
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Sx1 REACTIONS Problems for Video (3)

Problem (3i)

For each of the reactions that we saw earlier in the video, identify whether each acid or base is
strong or weak. The reactions and our previous answers are shown below.

Confirm that an acid-base step can occur for each of the reactions we saw earlier in this video.

raw the mechanifm and product
@ N\ Hm D
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Problem (3j)
Are CI, Br, and I strong or weak bases?

Are neutral Cl, Br, and I basic?
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Sx1 REACTIONS Problems for Video (4)

Video (4)

Sxy1 REACTIONS INVOLVING AN ACID-BASE STEP

Problem (4a)

B Foe the mejor mecherifm~

{420 Qmé mujbf’ proauc‘&.
—_— T ms— e O

How can you tell when a mechanism is finished?

Problem (4b)
B i th e meyor rmechenif~

Br C_H3OH oAl ,..,g_:]or ’Drnauc.'&.
—_——

Problem (4c)
How many steps are there in an Sy1 reaction?
What happens during those steps?
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Sx1 REACTIONS Problems for Video (5)

Video (5)

Sx1 STEREOCHEMISTRY

Problem (5a)
What is the basic fact about Sy2 stereochemistry?
What is the justification for this fact?

What is the definition of the term “carbocation”?

Define these terms: cation, anion
How can you remember these definitions?

Does an Sy1 reaction have a carbocation intermediate?

Does an Sy2 reaction have a carbocation intermediate?

Problem (5b)
When does a carbon have tetrahedral geometry?
When does a carbon have trigonal planar geometry?

What is the geometry of a carbocation?

Most atoms that participate in ochem reactions have complete octets. What is the most
important example in organic chemistry of an atom with an incomplete octet?
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Sx1 REACTIONS Problems for Video (5)

Problem (5¢)

Draw the correct 3{,°M%JCF’“7 $or ol] #h= atoms ot Foched

%D Qafl@QA 2
P

! 3

) raw tha correct geomejcfy $or all tha oatems ot Foched

ko carkon S,

®
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What is the correct way to draw the geometry for a tetrahedral atom?
What is the correct way to draw the geometry for a trigonal planar atom?

Problem (5d)
When a nucleophile attacks an atom with trigonal planar geometry, from what direction does the

nucleophile attack?

Problem (5e)

B Draw the mojor products,
IF

Problem (5f)
What is the key fact about Sx1 stereochemistry? What is the justification for this fact?

What is the key fact about Sy2 stereochemistry? What is the justification for this fact?
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Sx1 REACTIONS Problems for Video (5)

Problem (5g)

Droaw the Substirtutisn Proéucts.

problems for Video (5) continue on next page
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Sx1 REACTIONS Problems for Video (5)

Problem (5h)

Now, in the mechanism you drew for Problem (5g), draw in the hidden hydrogen on the a
carbon on the starting material, intermediates, and final products. Be careful to draw the correct
geometry for these hydrogens.

R /\ chn.u the Sulo.s{".-tuﬂu Proéucts.
r OH

—_—

Problem (5i)

Drew thae Mme ) or ProJur.'l’(S),
CH,OH

-~

’
r

\ eso—CO—

Problem (5j)

CHS Drev the mejor ProJuc-l'(S),
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~
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Sx1 REACTIONS Problems for Video (5)

Problem (5k)
Draw tht Mm&)or produ H(s).

MQOHA

Problem (5I)

Draw the Meyor Pr’e}ucé‘(S)_

(]
S
y ENS /__\,

A

Problem (5m)

Draw the major product.
If more than one stereoisomer of the major product is produced, include all the stereoisomers.

Br

C H3O0H
CHy ——

Br

Problem (5n)
What is the key fact about Sy1 stereochemistry? What is the justification for this fact?
What is the key fact about Sy2 stereochemistry? What is the justification for this fact?
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Sx1 REACTIONS Problems for Video (5)

Review Quiz

What are the names of the five main roles in organic chemistry?
How is a base similar to a nucleophile?

How is a base different from a nucleophile?

Draw the electron-pushing arrows for an acid-base step.
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Sx1 REACTIONS Problems for Video (6)

Video (6)
SUBSTRATES WITH MULTIPLE FUNCTIONAL GRUOPS
Problem (6a)
B Draw the substitution products.
C H,0H
e
HC O
Problem (6b)
Draw the meher product(S).
+ P(cH)—
/Y\Ul
F

Review Quiz

Which roles in organic chemistry involve donating electrons?
Which roles in organic chemistry involve receiving electrons?
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Sx1 REACTIONS Problems for Video (7)

Video (7)

FACTORS THAT AFFECT THE RATE OF Sy1 AND Sy2 REACTIONS:
THE RATE-DETERMINING STEP

In this video we will use the concept of the “rate-determining step” to determine what factors
can affect the rate of an Sy1 or Sy2 mechanism.
Then, in the next video, we will see how to apply this material to typical problems.

Problem (7a)

Define: rate-determining step

How can we use the rate-determining step to determine which factors affect the rate of a
reaction and which factors do not affect the rate of a reaction?

What is the rate-determining step for an Sy1 reaction?

What is the rate-determining step for an Sx2 reaction?

Problem (7b)

In the terms “Sy1” and “Sx2”, what does the letter S stand for?
What does the letter N stand for?
What do the numbers / and 2 stand for?

Problem (7c¢)
Does leaving group quality matter for the rate of an Sy1 reaction?
Does an Sy1 reaction require a good leaving group?

Does leaving group quality matter for the rate of an Sy2 reaction?
Does an S\2 reaction require a good leaving group?

How can you tell whether an atom is a good leaving group?

Can the following starting materials carry out an Sy1 reaction?
Can they carry out an Sy2 reaction?

Br@+//\ e
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Sx1 REACTIONS Problems for Video (7)

Problem (7d)
Does nucleophile quality matter for the rate of an Sy1 reaction?
Does an Sy1 reaction require a good nucleophile?

Does nucleophile quality matter for the rate of an S\2 reaction?
Does an S\2 reaction require a good nucleophile?

Can the following starting materials carry out an Sy2 reaction?
Can they carry out an Sy1 reaction?

B

Hao 2 L, —7

Which atoms are poor nucleophiles?
Which atoms are good nucleophiles?

Problem (7€)
What is the “big obstacle” to an Sy2 reaction?

Rank the types of a carbons (1°, 2°, 3°, and methyl) in terms of the rate of an S\2 reaction, from
slowest to fastest. Explain your ranking.

For which types of o carbons does Sy2 occur quickly enough to be a practical reaction? For
which types of a carbons does Sx2 occur too slowly to be practical?

Problem (7f)
Is steric hindrance that blocks the nucleophile from joining the a-carbon a big obstacle for an
Sx1 reaction? Why or why not?
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Sx1 REACTIONS Problems for Video (7)

Problem (7g)
Define: carbocation

Does an Sy1 reaction have a carbocation intermediate?
Does an S\2 reaction have a carbocation intermediate?

Are carbocations “happy” or “unhappy”?
Do carbocations have too few electrons, or too many?

Problem (7h)
Are carbon chains (“alkyl groups”) electron-donating or electron-withdrawing?
Do carbon chains help to stabilize or destabilize a carbocation? Why?

Problem (71)

Rank the types of carbocations (primary, secondary, tertiary, or methyl) from least stable to
most stable. Justify your ranking.

What types of carbocations are stable enough to be formed during typical reaction mechanisms?
What types of carbocations are usually too unstable to form?
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Sx1 REACTIONS Problems for Video (7)

Problem (7))
(a)
) |\ D @
L\JL\.I(.,L :3 AN /2 S‘ILO\,IOIJL/ CG/“LDO-\] o7 COL/“IODM’Z,F?
(b)

Y 2

w],\id« i P 5+05{&/Cm/lobﬂ3 or Carbon

3 A

(This is a trick question!)

Problem (7k)
Rank the different types of a carbons (primary, secondary, tertiary, or methyl) from slowest Sy1

rate to fastest Sy1 rate. Justify your ranking.
For which types of o carbons does Sy1 occur quickly enough to be a practical reaction? For

which types of o carbons does Sy1 occur too slowly to be practical?

Problem (71)
What is the “big obstacle” to an Sy1 mechanism?

Why does the stability of the carbocation intermediate matter for an Syl reaction?
Why doesn’t “the stability of the carbocation intermediate” matter for an Sy2 reaction?
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Sx1 REACTIONS Problems for Video (7)

Problem (7m)
Can these starting materials carry out an Sy1 mechanism? Why or why not?

Can they carry out an Sy2 mechanism? Why or why not?

H?,O & ,/\C/QH“-9

Problem (7n)

how to determine the mechanism for alkyl halides and alkyl sulfonates

poor Nu / weak base good Nu / weak base good Nu / strong base
O with no formal charge Cl, Br, I, CN, 8§, Ny O, N
(water or alcohol) or N, P, or S with no formal charge
methyl a-carbon | no reaction Sx2 Sx2

1° g-carbon Exception: E2 with #-butyloxide and 1° a-carbon
2° g-carbon | Sy1 major, S22 E2

E1 minor
3° g-carbon | Sy1 major, Sx1 major, E2

E1 minor E1 minor

Why does the top left cell of the table predict “no reaction”?
Why are there no Sy1 reactions predicted in the top row of the table?

Why are there no S\2 reactions predicted in the bottom row of the table?
Why are there no Sy2 reactions predicted in the left column of the table?
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Sx1 REACTIONS Problems for Video (7)

Problem (70)
FROM MEMORY: Write out the complete table for determining the mechanism for alkyl halides
and alkyl sulfonates.

Problem (7p)
\ =

‘e 1§ more 54’%5‘&}

Lo ki ¢h carboca

Cﬁf]eﬁﬁ, &7 Carﬂﬁanz}?

Justify your answer.

Problem (7q)
Rank the following types of carbocations from least stable to most stable:
primary, secondary, tertiary, methyl, and primary with resonance stabilization

What types of carbocations from the list above are stable enough to be formed during typical
reaction mechanisms? What types of carbocations are usually too unstable to form?

Problem (7r)
Rank the following types of a carbons from slowest Sy1 rate to fastest Sx1 rate:
primary, secondary, tertiary, methyl, and primary with resonance stabilization

Problem (7s)
Summarize all the factors that affect the rate Sy1 reactions and Sy2 reactions that we have
discussed in this video.
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Sx1 REACTIONS Problems for Video (8)

Video (8)

FACTORS THAT AFFECT THE RATES OF Sy1 AND Sy2 REACTIONS:
PROBLEMS

In the previous video we used the concept of the “rate-determining step” to determine what
factors can affect the rate of an Sy1 or Sy2 mechanism.
Now, in this video, we will see how to apply this material to typical problems.

Problem (8a)

Rank the following carbocations in order of increasing stability.
(1 = least stable, 4 = most stable).

|
@

@ &
BN ‘Q H/@\H

Problem (8b)
What is an example of a “solvolysis” reaction?

Problem (8c)
Which substrate undergoes the faster solvolysis reaction in H,O? Why?

N
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Sx1 REACTIONS Problems for Video (8)

Problem (8d)

For the reactions below, which reaction will have the faster rate for an Sy1 mechanism?
Or will the two reactions both occur at the same rate for Sx1?

Justify your answer.
REac.{:iaqﬂ: Reﬁl:£i9n 8:
EtOH EtOH
—— S /\(\ -—-—-—-——'BFA
Br -
Br
Problem (8e)

For the reactions below, which reaction will have the faster rate for an Sy1 mechanism?
Or will the two reactions both occur at the same rate for Sx1?

Justify your answer.
Rgao-\»}on A Reagtivae B
H.0 H.O
gy L
Problem (8f)

For the reactions below, which reaction will have the faster rate for an Sx2 mechanism?
Or will the two reactions both occur at the same rate for Sy2?

Justify your answer.
REQ#.HOJ‘! A: Reaction B4
/I\/B CHyO° N Br C HyO° N,
r E = >
CH;O0H ~ """ CHyOH
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Sx1 REACTIONS Problems for Video (8)

Problem (8g)
For the reactions below, which reaction will have the faster rate for an Sy1 mechanism?
Or will the two reactions both occur at the same rate for Sx1?

Justify your answer.
Reaction A Reaction B
T CH,SH CH,OH

Problem (8h)

Which is the better nucleophile, CH;0OH or CH;SH?
Justify your answer.

Problem (8i)

For the reactions below, which reaction will have the faster rate for an Sx2 mechanism?
Or will the two reactions both occur at the same rate for Sx2?
Justify your answer.

Reaction At Reaction B
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Sx1 REACTIONS Problems for Video (8)

Problem (8j)

For the reactions below, which reaction will have the faster rate?
- Or will the two reactions both occur at the same rate?
Justify your answer.

e
Ra ¢TI0 [y-
.y OLCQ $ B3 GLoH-J- H;,O*]‘:

Problem (8k)

For the reactions below, which reaction will have the faster rate?
Or will the two reactions both occur at the same rate?
Justify your answer.

0
Reactin Al N\ _l-' PH ) ;
@) E"O—CF_‘ 3 \/\?H; o—i—G-CF_,
b M :
RQDGH"' : \/\ _' NH ® L

o)
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Sx1 REACTIONS Problems for Video (8)

Problem (81)
=== F (CL] P\Gmk -Un{ ]Ba.d'n"j groups A these
Compounds, §rom worst to best.
—_— U (,(,] (,\)A'-CL R 300‘\ leaving 97 oups

ond which @r2 yaocceptablie

i{,uu'mj jro“‘f’ st
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Sx1 REACTIONS Problems for Video (8)

Problem (8m)
When comparing elements from the same column of the periodic table, leaving group ability
increases as you move down a column. Give an explanation for this pattern.

Problem (8n)

For the reactions below, which reaction will have the faster rate for an Sx1 mechanism?
Or will the two reactions both occur at the same rate for Sx1?

Justify your answer.
REQQ'&?D;\HZ Reacfionel
E+OH E+OH
Br 7 i [
Problem (80)

Rank the following alkyl halides in order of decreasing Sy1 reactivity.
(1 is fastest, 3 is slowest.)

O/I M"’”’ O/ g
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Sx1 REACTIONS Problems for Video (8)

Problem (8p)

For the reactions below, which reaction will have the faster rate?
Or will the two reactions both occur at the same rate?
Justify your answer.

o S)
REacf\onf‘\‘ CH3CH2U *‘[\J3 EI?H CH3CH2N3+CQ

] ©
Rmctlon B h CHSC—HZOH = N3 —E_i—o—; CH?,CHst R _

Problem (8q)

(a) As you move down a column in the periodic table, does leaving group ability increase or
decrease?

(b) When comparing neutral nucleophiles, as you move down a column in the periodic table,
does nucleophilicity increase or decrease?

The end of video (8) includes some additional comments about comparing electronegativity,
and a “warning” about using atomic size to compare leaving group ability and nucleophile ability. You
can find a summary of these comments in the Answers document.

Review Quiz

What are the names of the five main roles in organic chemistry?
What are the definitions for each of these roles?

www.freelance-teacher.com


http://www.freelance-teacher.com/

