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•What is measurement science?

•Why study single entities?

• Examples and a story of single atoms

• Frontiers & final thoughts
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What is an entity?

3https://www.ck12.org/section/Units-of-Measurement/

https://www.ck12.org/section/Units-of-Measurement/


What is measurement science?
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Royce Murray, NAS Member, Professor Emeritus, UNC Chapel Hill
Written while Editor of Analytical Chemistry



Why study single entities?
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Imagine you’ve never heard of fireflies
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Firefly



Your Colleague Asks a Favor…

• She places varying amounts of fireflies in 3 large jars…
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Think of This
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But the Size of This

9World’s Largest Bottle for Whiskey



Your Colleague Asks a Favor…

• And she asks you to come to some general conclusion 
about the light generated by a firefly. 
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Your Lab Notebook
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The intensity of light doesn’t vary greatly with time and scales linearly with the number of 
fireflies. You conclude fireflies continuously light due to bioluminescence. 

#  F i r ef l i es 

(x  106 )  

I
n

te
n

s
it

y
 

10 15 

Jar  A: 

15x106 

Bug s 

Jar  B: 

10x106 

 Bug s 

Jar  C: 

5x106 

 Bug s 

A
 

B 

C
 



Misconceptions of nature arise when 
careful measurements are not taken on 

single entities.
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Why Single Molecule Science?

• Not until scientists like W. E. Moerner studied the fluorescence of single 
molecules did we know that single molecules actually blink when giving 
off fluorescence!
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W. E. Moerner

Nobelprize.org



Why Single Molecule?

• Moerner further used this blinking phenomenon to invent 
super resolution microscopy, for which he shared the 2014 
Nobel Prize in Chemistry.
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W. E. Moerner Eric Betzig Stefan W. Hell

Nobelprize.org



Two Exciting Ramifications of These 
Experiments

1.) We can now develop techniques to study the 
chemical and physical properties of single 
entities. 
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2.) Takes measurement science toward a digital 

era: Detecting analyte species one at a time; 

LOD = one! 



1995 – Single Molecule Electrochemistry & 
Electrogenerated Chemiluminescence

16Collinson, M. M.; Wightman, R. M. Science, 1995, 268, 1883.

Fan, F. –R. F.; Bard, A. J. Science, 1995, 267, 871.

Allen J. Bard, NAS Member, 
Professor, UT Austin

R. Mark Wightman
Professor Emeritus,
UNC Chapel Hill



A variety of techniques to 
study single entities 
colliding with electrodes

17Quinn, B. M.; van’t Hof, P. G.; Lemay, S. G. J. Am. Chem. Soc., 2004, 126, 8360

Goines, S.; Dick, J. E. J. Electrochem. Soc., 2020, 167, 037505

… cells, bacteria, mitochondria



Single Entity Electrochemical Detection
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relec between 80 and 150 nm 

Quinn, B. M.; van’t Hof, P. G.; Lemay, S. G. J. Am. Chem. Soc., 2004, 126, 8360

Dick, J. E.; Renault, C.; Bard, A. J. J. Am. Chem. Soc., 2015, 137(26), 8376



Enzymatic Enhancement:
Specific Detection
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Individual MCMVs

Dick, J. E.; Hilterbrand, A. T.; Strawsine, L. M. Upton, J. W.; Bard, A. J. Proc. Natl. Acad. Sci., 2016, 113, 6403. 
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… but seeing is believing. It’s important moving 
forward to correlate collisions to diagnose reactivity.
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Zhu, J. –J. et al. Chem. Sci., 2018, 9, 6167. 
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Xiao, X.; Bard, A. J. J. Am. Chem. Soc., 2007, 129. 9610

Electrocatalytic Amplification



How small of a NP can we observe?

If current to a sphere on a plane is given by: 

iss = 4nFDCrNPln(2)

The current for an electrode the size of a single atom 

(r~250 pm) in a .05M acid

Current is on the order of >10 picoamperes.

The noise on most electrochemical instruments is plus or 

minus 100 femtoamperes in a well grounded system, so 

S/N should be ~120!!!
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Glasscott, M. W.; Dick, J. E. Anal. Chem., 2018, 90, 7804.
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Single Atom Predictions

J. Electroanal. Chem., 1994, 366, 171.

Stan Pons (left) & Martin Fleischmann
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Dick, J. E. Ph.D Dissertation, 2017, UT Austin

Zhou, M.; Dick, J. E.; Bard, A. J. J. Am. Chem. Soc., 2017, 139, 17677.

Zhou, M.; Bao, S.; Bard, A. J. J. Am. Chem. Soc., 2019, 141, 7327.

Glasscott, M. W.; Dick, J. E. Anal. Chem., 2018, 90, 7804.

Measurements on Isolated, Single Atoms & Clusters
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Dick, J. E. Ph.D Dissertation, 2017, UT Austin

Zhou, M.; Dick, J. E.; Bard, A. J. J. Am. Chem. Soc., 2017, 139, 17677.

Zhou, M.; Bao, S.; Bard, A. J. J. Am. Chem. Soc., 2019, 141, 7327.

Glasscott, M. W.; Dick, J. E. Anal. Chem., 2018, 90, 7804.

Measurements on Isolated, Single Atoms & Clusters
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Dick, J. E.; Bard, A. J. J. Am. Chem. Soc., 2015, 137, 13752.  

Dick, J. E.; Bard, A. J. J. Am. Chem. Soc., 2016, 138, 8446.

Zhou, M.; Dick, J. E.; Bard, A. J. Anal. Chem., 2017, 90, 1142.

Detecting femtomolar amounts of ions
Parts per quadrillion detection
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Many of these experiments require 
nanoelectrodes to enhance sensitivity
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Different ways of making nanoelectrodes:

Laser pulling
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Different ways of making nanoelectrodes:

Scanning Electrochemical Cell Microscopy

29Unwin, P. R. et. al. Anal. Chem., 2010, 82, 9141.



Different ways of making 

nanoelectrodes:

Confining contents to 

nanodroplets
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Electrodeposition from water nanodroplets:

• Glasscott, M. W.; Dick, J. E. Anal. Chem., 2018, 90, 7804 – 7808.

• Glasscott, M. W.; Pendergast, A. D.; Dick, J. E. ACS Appl. Nano 

Mater., 2018, 1, 5702

• Glasscott, M. W.; Pendergast, A. D.; Choudhury, M. H.; Dick, J. E. 

ACS Appl. Nano Mater., 2019, 2, 819. 

• Glasscott, M. W.; Dick, J. E. ACS Nano, 2019, 13, 4572.

• Pendergast, Glasscott, Renault, Dick, Electrochem. Commun., 2019, 1.

• Glasscott, M. W.; Pendergast, A. D.; Goines, S.; Bishop, A.; Hoang, 

A.; Renault, C.; Dick, J. E. Nat. Commun., 2019. <100 nm



Single Cluster Electrocatalysis

31Glasscott, M. W.; Dick, J. E. Anal. Chem., 2018, 90, 7804 – 7808.



Final Thoughts:

• Elephant in the room is the inner-sphere reaction, and gaining a fundamental 
understanding of these reactions on the most basic level is of great importance for all 
applications (energy storage and conversion, electrosynthesis).

• We have entered an era where the limit of detection in electrochemical 
measurements is a single atom, molecule, or nanoparticle. We are poised to learn 
new truths of nature at this level. Correlated measurements will enhance 
understanding.

• Resolution in electrochemistry is not limited by a fundamental limit (i.e., diffraction 
limit), but rather the smallest electrode one can make. A single atom. Need more 
effort to image with this resolution.

• One can electrosynthesize many organic compounds (Baizer, M. Oganic
Electrochemistry: An Introduction and Guide, 1973, M. Dekker.) While Nobel Prizes 
have been won for creating bonds, one can also break bonds with electrogenerated 
radical species (i.e., perfluoroalkyl substances).
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