
 
 
 
 
 

	  
	  

	  
Section	  1	  Questions:	  Computational	  Chemistry	  Background	  
	  
  

Marc	  Hillmyer	  (UMN	  -‐	  Director)	  
When thinking about comparisons of wave function theory (WFT) and 
density function theory (DFT), you mentioned that you and most 
colleagues use DFT. When is one preferred over the other? 
 
Answer: The issue is primarily one of practical applicability. Using 
known benchmark data against, say, thermochemical quantities for 
primarily organic molecules, we know what level of WFT has about the 
same accuracy as modern DFT. The issue is that the scaling with respect 
to SIZE of the WFT model is about the sixth or seventh power of the size, 
i.e., double your system size, increase your demand for resources by 2 to 
the sixth or seventh power. Meanwhile, DFT scales as roughly the 3rd 
power of system size (and more efficient approaches can be employed 
where needed). That makes DFT vastly more practical in many instances. 
That said, WFT is systematically improvable in a way that DFT tends not 
to be, and there are pathological cases – mostly involving metals, or 
systems having narrow frontier-orbital energy separations – where DFT 
proves unreliable and it’s important to have WFT tools available for such 
cases. Part of being a computational chemist is knowing when such 
problems may arise and doing the due diligence of testing to ensure the 
right model has indeed been employed given a desired level of accuracy in 
a computed quantity. 

 
 

Marc	  Hillmyer	  (UMN	  -‐	  Director)	  
You indicated that you could look at the level of theory acronym and 
determine the quality of the computation.  Are most people able to use the 
most modern DFT? Are there examples of levels of theory that are just not 
relevant any more? 

 
Answer: Good (modern) DFT functionals do tend to get incorporated 
into available codes pretty quickly these days. There are so many, though, 
that it helps to consult a bit with respect to which functionals are most 
appropriate for which task. Thus, for example, functionals including a so-



called dispersion correction (or those designed to include dispersion 
directly) are absolutely critical for the accurate computation of non-
bonded interaction energetics – many early generation functionals got his 
badly wrong which can lead to nonsensical results for reactions where 
association of molecules occurs along reaction paths. Similarly, so-called 
“hybrid” and “range-separated” functionals tend to be most robust for 
computing electronic excitation energies, and so on. We theorists refer to 
the proliferation of functionals as: job security. 

	  
  

Guilhem	  De	  Hoe	  (UMN	  –	  Graduate	  Student)	  
With respect to the outstanding challenges in computational chemistry 
such as working with transition metals, do you think there is going to be 
another revolution like DFT or will DFT just get better? 

 
Answer: DFT does have room to get better, but there is an increasing 
realization that getting to the “exact” functional may introduce the sort of 
computational overhead that mitigates some of the practical advantages of 
DFT compared to WFT. That is, the improvements start to involve 
chimeric mash-ups of WFT and DFT that are useful, but unlikely to 
become default choices. 

 
Interestingly, the more rapid developments nowadays are coming in the 
regime of WFT. That community has taken up the challenge of the 
efficiency of DFT by coming up with clever algorithms that have vastly 
speeded up WFT calculations compared to the ways in which they were 
originally implemented. If computational efficiency can be achieved, there 
is every reason to imagine that having actual wave functions, as opposed 
to only densities, may be very useful indeed. 

 
  

Rebecca	  Rodriguez	  (UMN	  –	  Graduate	  Student)	  
You mentioned that we should be wary of metals when doing DFT 
calculations. When thinking about polymerizations, specifically metal 
catalyzed polymerizations, what kinds of problems will arise when 
modeling these reactions? 

 
Answer: As I mentioned before, the real challenge is having narrow 
frontier orbital-energy separations, and metals with partially filled d (or f) 
manifolds obviously present this problem paradigmatically. The sensitivity 
of functionals TO this problem does tend to vary – some (so-called “local” 
functionals) tend to be the most robust, but none are universally 
guaranteed. One’s best option is usually to make a “sensible” choice, 
based on experience, map out the quantities in which one is interested, and 
then TEST the sensitivity of those quantities to using OTHER functionals. 



If they ARE very sensitive, then one probably wants to treat the predicted 
results with a high degree of skepticism, and trying to apply an appropriate 
WFT in order to validate a DFT model may be something worth trying (or 
validating against the most relevant experimental data one can find). This, 
again, is why there’s still value in collaborating with theorists, as these 
situations do arise with some frequency! 

	  
Section	  2	  Questions:	  Applicable	  Examples	  
	  
  

Daniel	  Stasiw	  (UMN	  –	  Postdoctoral	  Researcher)	  
One thing a lot of people might not appreciate is the time it takes to do 
calculations.  About how long does it take from beginning to end to find 
transition states and get useful information? 
 
Answer: That’s a hard question to answer in a completely general way. 
But, if we’re talking about finding stationary points on a potential energy 
surface, what is really hard is finding those points when (i) the 
dimensionality of the surface is large (i.e., big molecules) and (ii) many 
degrees of freedom, including perhaps the one of interest, are “flat”, i.e., 
it’s hard to find the place where the exact slope is zero because the slope is 
so CLOSE to zero over so much of a range. Methyl groups are an example 
of this. Many methyl groups are almost free rotors, so getting them to 
rattle into their minimum-energy rotation can take time. Theorists hate 
methyl groups. Otherwise, computers can be harnessed to do things pretty 
quickly, as long as one has parallel code and access to LOTS of cores… 

	  
  

 
 
Derek	  Batiste	  (UMN	  –	  Graduate	  Student)	  
Can you contextualize how much information computational chemists 
need from synthetic chemists to find out a) if a particular structure is 
feasible synthetically, and b) what the best synthetic route would be? 
 
Answer: That’s a pretty tough question. Theory can be good for 
predicting the thermochemical stability of a molecule relative to other 
molecules (or elements) but that doesn’t necessarily tell you how 
kinetically likely it is for something to decompose (or to be made) – 
consider the famous diamond vs graphite comparison! A lot of work 
actually HAS gone into predicting synthetic routes to specific molecules, 
but that’s much more on the chemoinformatics side of the house – using 
heuristic, rules-based models to pick synthetic steps – and not really 



anything involving first-principles calculations. I don’t claim great 
expertise in that area, but my understanding is that the current programs 
for designing syntheses are actually not bad, but neither are they yet good 
enough to make too many synthetic chemists nervous. 

	  

 
Maria	  Sanford	  (Cornell	  –	  Graduate	  Student)	  
This is a question related to the mechanistic study– when you have a 
complex system like that polymerization, how do you decide when to 
truncate and how much to truncate? 
 
Answer: That’s a great question. Due diligence means you really need to 
DEMONSTRATE that your truncation is ok, and the only way to do that 
is to “relax” your simplifications, perhaps gradually, until you convince 
yourself that the effect of the relaxation is no longer relevant. Thus, for 
instance, you might truncate an octyl group (used synthetically for 
solubility, perhaps) to a hydrogen atom to start, but once you’ve mapped 
out quantities of interest, you should probably try methyl, instead, to see if 
that has much of an influence. And if it DOES, you might want to try 
ethyl. But if that last step has very little effect, you can feel comfortable 
that going out to octyl probably is unnecessary. 

	  
  

Marc	  Hillmyer	  (UMN	  –	  Director)	  
Calculating entropy of reaction for polymerizations can be difficult as far 
as I understand it. How is this typically handled by contemporary 
theorists? 
 
Answer: This one is a bit harder to answer in layman’s language, but the 
issue has to do with what a theorist would call “the accessible volume of 
phase space”. In somewhat more transparent terms, the question is, how 
many ways can I twist and turn the various bonds, angles, and torsions in 
my molecule without paying much energy? I don’t have to make a 
discrete, minimum-energy, structure, necessarily – just how broadly can 
my structure vary without bad clashes or other effects making it 
“Boltzmann impossible” at a reasonable temperature. The more flexibility, 
the greater the entropy. But exploring this phase space is generally a 
TERRIBLE waste of quantum mechanical resources – it’s reasonably well 
suited, on the other hand, to classical mechanics (but that’s not a level that 
let’s us compute ENTHALPY changes associated with making and 
breaking bonds in a polymerization, which is where we need the quantum 
mechanics). So, in general, QM modeling does a pretty good job at 
predicting delta-H values for polymerization, but almost always 



underestimates the more favorable entropy of the growing polymer chain 
compared to its immediate precursors because QM tends to consider too 
few (if even more than one) product structures, or to simply employ some 
estimate, e.g., an entropy gain of Rln3 for each rotatable single bond that 
is created. More work in this area would be welcome. 

	  
  
 
 

Marc	  Hillmyer	  (UMN	  –	  Director)	  
There are many packages available today for simple organic calculations 
that you can do yourself.  What are the pitfalls of doing it yourself (i.e., 
without guidance from a card carrying computational chemist)? 
 
Answer: Learning to use a software package is not unlike learning to use 
an instrument – you’ll make some mistakes until you get used to it. But, 
for reasons I’ve never fully understood, people seem more willing to 
believe in odd results from computation than from, say, a spectrometer. 
So, good practice is always to restrain one’s credulity when presented with 
a highly unusual prediction. Second, to be more user-friendly, most 
modern packages use a graphical user interface (GUI). That’s very nice, 
but there’s usually a text file of thousands of lines that is the more detailed 
output from the software (at least, electronic structure software). New 
users should almost always actually READ the entire output file – partly, 
because it will help teach them what’s actually going on, and also partly, 
because sometimes there will be ERROR MESSAGES IN ALL CAPS that 
do not prevent the GUI from showing a nice, pretty picture that has 
absolutely no chemical relevance (and may even be highly misleading). 
Those caveats noted, however, for “white bread” organic chemistry (i.e., 
studying molecules made from C, H, N, O, S, and halogens), most non-
experts should have no trouble doing their own modeling as long as the 
molecules are not strange in some way along the lines already discussed 
above. There are a variety of packages, both free and commercial, that are 
reasonably easy to use, and many run on laptops if one does not have 
access to bigger iron. 

	  
  

Philip	  Dirlam	  (UMN	  –	  Postdoctoral	  Researcher)	  
What would be a reasonable point of entry for a synthetic chemist to do a 
simple calculation? 
 
Answer: I’m a little reluctant to seem to be making an endorsement of 
any particular software (or failing to do so, for that matter), but I’d say that 
step 1 is to see what your institution or company might already have a site 
license for (e.g., the University of Minnesota has a site license for the 



Gaussian series of programs) – if something is already in place, that makes 
it free, and odds are there are reasonably expert users around from whom 
you can learn as you go. There are also free codes (GAMESS from the 
Gordon group at Iowa State is one with a particularly long history that has 
moreover been developed to be easily used) and codes designed for use in 
a more instructional setting (e.g., Spartan). Those are all electronic 
structure codes, incidentally. Molecular mechanics packages for, say, 
conformational analysis, are also widely available, and some of the same 
principles apply (e.g., ask about a local site license first). 

 
  

Jane	  Wissinger	  (UMN	  –	  Professor)	  
Would you discourage people from using Chem3D? 
 
Answer: Alas, many years ago the good folks at then CambridgeSoft 
stopped supporting their Macintosh implementation of Chem3D, and I’ve 
not had experience with it since, so I can’t offer an authoritative answer on 
that front. I BELIEVE it can serve as the front end (i.e., it can function as a 
GUI) to various software packages, though, and if so, then it’s really that 
other package that’s doing the computation. I can’t speak to any internal 
computational ability. 


