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The! life of a synthetic chemistican oftenifeelililke a big game ofiSnakes: & Ladders:
Below iista reall-life’ synthesis carried outiin the Gibson Group reimagined as'a board game:

| Your boss has decided that th ‘want some]
;M cold nanoparticles coated in glycopolymers, |
synthesised for use in medical diagnostics, as |

it will be “novel”, “impactful” and justify some grant funding.
Your Cask is to make the particles using common reagents, a |

You convince your colleagues in Physics to let you loose on the expensive XPS machine.
XPS (X-ray Photoemission Spectroscopy) can be used to probe the surface layer of
nanoparticle systems by measuring electron emission from atoms. It is useful to
chemists as it can detect nanogram quantities of product (this is beyond the abilities of |
UMR and FTIR) while proundmg a plcture of bonding environments too. |‘
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Slgma -Aldrich Catalogue and analytical techniques. =l e, MW=
= 14000 - 7Au 45/2 r‘, F200F Ether in . _ —— Quarternary amine /‘/ »\1 g
Follow the snake to “GO” to begm — b = )
el ° . \ )

\_, gzooo'—ﬁ:d / ' '- : 1 O
. e - %1800_—8 ckground CPS [ ] = | ‘ fg ]

s velope CPS._- h _ o =
é 160 , ; \ 1 § o0y %_
Pt )\

, [ Your carbon and nitrogen
"/ © TEAInDME for || @227 your polymers to gy Jf |0 e spectra both show the
f 09 6 Ws ot 5O ¢C some gold Z z, presence of amide and
| " ™ nanoparticles via g = ] : ,
on thiol Mnker, ‘ ! amine bonds not found in
Tou functlonaliss your ¢ background contaminants
- polymer with galactosamine :
| using PFP as a leaving Nons of your ominon | . ‘ == | This shows the presence
E . ¥ heok th analytical chemistry | T \
| | Caloulating PDEDP; P?Eﬁ@l;l@j?@ b:@;ﬂ@@zﬁ‘@;m@@fo@@ u@iil g | vechnigues can be ussa -y | : " of The polymer on the gold
| | umber average ‘ «
- ; Gel permeation (rean) 5 | WE, bub you can’t choo | B0 determine if the E__jj ‘ The carbon and oxygen spectra both show ether
= M == polymer is on the :
11z . ] chromatography | = ™"n ™ M w, sugar addition due to low surface of the gold C 1| (hydroxyl) peaks Far aboue the background - this shows
s (chhiz ;Zt:i?:eto - 8880 gmol! sugar to monomer ratios. | s.. soe mort 8 | L) ﬁ the presence of the sugar
2 polymers s sarage 3 1 . ——————— E:Cj | Your XPS data has shown the presence of the gold, the
= oz | M, = 5 —— li You have mads your || polymer and the sugar with the anticipated bonds in the
| - i | ? polymer but you nesd | , |
‘ ’ — | = 8788 gmol- to know the length in expected ratios, so we have made the product as below!
| 0 5000 10000 15000 20000 25000 INONOMEr univs (P) |
»\ Mw (g/mol) an@l the polydispersity @lyco- Polymer- Gold
|0ur PD is near to 1, which is good (PD) of 1. Timo 50 BF MR 2 Punctionalissd nanoparisle
as it means a small dispersity of : P =)
w M,— M, (CTA) and after | &
polymer chain lengths br== |
V Progress to 8 AR, PFP removal ||
(bottom) ||

%? 0%%%

Its & good thing that as &

N\ iR @@ %@@ | Young, naive UG Chemist
RART is a reversible- molecular weight radical initiator (ACVA) Il you @idn’t think polymer

deactivation radical dispersity range and and & vinyl monomer |
living polymerisation predictable molescular Can you now safely and §
technique. It allows for welght polymers. competently carry oub
a wide range of RAFT polymerisation RAPFT polymerisation? |
functionality, utilises & chain transfer NO YEsS |
complexity and reaction agent (“B AR @,@@@”) t0 - Pollow the Progress
conditions; while comtrol the reaction, & snake $0 i@,@ 7 up @1@,@
producing a low i library § ladder ;

modules were & waste of
time, &8s you need to learn
how RAFT polymerisation

You have sucsesstully made
the RAFYT agent for the
p@lymoze gymho@ig step!

Do y@uw@ ass 7 In your 1H UMR you see a

+ EDC + DMAP in
’ “ DCM For 12 s ot
’ ’ XTP
PFP

You want 10 2add &

spectroscopy (MS) or '; shift to a higher ppm For |
NME to analyse your C_Xthe dimethyl peak, this is

product? a good indicator that the |

You have purchaged this pentafluorophencl (PFP) %@SS S%@@ . IEWR /PFP group has Formed an |
reagent from Sigmea Aldrich. group, using the above 9@1 pzﬂ?‘f%@” S@@;ﬁ ial | sz b e s e
It is one step away from reaction, as PFP is a good 0®sm’ SRR : :
being your B‘%@T @?@m for o L) carboxylic acid, ‘

Il@avm grou
56 S “ f The presence of the

~aromatic peaks in the 13C | l

/ is a Purther indicator that :
j the PFP is present |
Follow the ladder to 4

p@llym@r symh@sis

In this synthesus
oo | penbafluorophencl (PFPY group |
/\ e | is being added o the reagent |

| ( ﬁtm (black). We should be able to Before (no ester) | L@ 5
| H @l It | observe the C-F peak in an f, o — A L

A
| \ ) FTIR (~1520 cmi) of the || s N |
| ‘ \ -5 | product (red). After (PP ester)
L | "o | This, however; is hardly a ‘; 30 X 2o s 1o
;‘ 5 | conclusive way to determine if | — - _ -
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nanoparticle system that can be used to sense]
For protein targels such as Cholera Toxin.

bosce ce for the future

| For the developing world, drug delivery systems and antimicrobials.
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| In the Gibson group we use these systems to develop medical diagnostics ]l
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