
The ar t  of cr ystal l izat ion
In nature, atoms align and form 
organized, repeat ing, three- dimensional 
solid st ructures called lat t ices. 
Researchers have long sought  to mimic 
this process in the lab with nanocrystal 
building blocks that  are larger and more 
var ied than atoms to create new 
superlat t ice mater ials with desirable 
character ist ics. These new mater ials 
could be used in elect ronics, energy 
storage, and even medicine.

Tradit ional techniques favor a one- step 
crystallizat ion process using a colloidal 
phase that  forces par t icles into the 
superlat t ice by increasing their  density. 

A two- step pathway, however, has been 
shown to increase the rate of 
crystallizat ion even as the process is 
dr iven harder, but  the underlying 
mechanism behind this approach 
remains unclear.

A mult i- inst itut ional team of 
researchers led by UC Berkeley 
collaborated with scient ists from the 
ALS at  Lawrence Berkeley Nat ional 
Laboratory (Berkeley Lab) to reveal the 
details of the pathways to eff icient ly 
assemble a superlat t ice of nanocrystals 
that  is more effect ive at  conduct ing 
elect r icity.

Char acter izing t he mechanism 
of self- assembly
In the study, the researchers used 
elect rostat ics to form complex building 
blocks that  self- assemble through a 
two- step crystallizat ion process into a 
superlat t ice with fewer defects than 
through a one- step process. The team 
conducted small- angle x- ray scat ter ing 
(SAXS) exper iments using an anoxic, 
gas- t ight  reactor at  Berkeley Lab?s 
Beamline 7.3.3 at  the ALS. This setup 
enabled in situ, real- t ime t racking of 
scat ter ing pat terns as nanocrystal 
suspensions t ransformed into 
superlat t ices.

Phase diagram mapped as a funct ion of nanocrystal volume fract ion and solut ion ionic st rength, a 
measure of the concentrat ion of ions in the solut ion. Overlaid is a depict ion of a two-step 
crystallizat ion pathway, which includes a liquid intermediary phase, that  increases nanocrystal 
self-assembly with fewer defects. The graph shows the colloid/ liquid coexistence region bounded 
by the grey curve, and the colloid/solid coexistence region below the black curve. The orange region 
shows superlat t ice format ion through a two-step liquid intermediate phase. The purple region 
shows superlat t ice format ion through a one-step phase in the absence of the liquid state.

Bui lding Mater ials fr om the 
Nanocr ystal Up

MATERIALS SCIENCES

Scient i f ic 
Achievement
Using the Advanced Light Source 
(ALS), researchers clarified the 
mechanism? an unusual 
intermediate state? that accelerates 
the transformation of nanocrystals 
into a superlatt ice with fewer 
defects using a two-step, instead of 
a one-step, process.

Signi f icance 
and Impact
The new approach, which can 
control the development of 
materials with desired 
characterist ics, could be applied to 
electronics, energy storage, and 
even medicine.



To modulate interpar t icle interact ions, 
the researchers injected salt  solut ions 
of varying concentrat ions into the 
nanocrystal suspension to tune the 
interact ion st rength and control the 
self- assembly process. The high 
synchrot ron f lux provided the 
sensit ivity to resolve phase evolut ion 
with excellent  signal- to- noise rat io, 
allowing clear dist inct ion among 
coexist ing colloidal, liquid, and 
superlat t ice phases as the system 
evolved.

The researchers f it  the SAXS data to a 
new model and quant itat ively t racked 
the t ime- dependent  evolut ion of each 
phase, revealing the interplay between 
colloidal dispersions, metastable liquid 
intermediates, and emerging 
superlat t ice order. These insights 
offered a mechanist ic understanding of 
how nanoscale interact ions direct  
crystallizat ion pathways and assembly 
kinet ics. The ALS exper iments were 
fur ther complemented by 
measurements at  SLAC Nat ional 
Laboratory?s Stanford Synchrot ron 
Radiat ion Lightsource.

A faster  system wit h fewer  
defect s
The results revealed the mechanism 
that  dr ives two- step crystallizat ion. At  
the beginning of the exper iment , the 
nanocrystals condensed into a dense, 
liquid- like state that  the researchers 
descr ibe as a temporary metastable 
liquid phase. This intermediary phase 
gave the nanocrystals the t ime and 
space to assemble into superlat t ices, 
result ing in fewer defects. The 
researchers also determined that  it  was 
possible to adjust  the nanocrystal 
assembly t ime? from seconds to 

hours? by varying the salt  
concentrat ion in the solut ion.

The bot tom- up assembly of a 
superlat t ice illust rated the ability to 
control the chemist ry of the reactants 
to create mater ials with desired 
features. Future projects could fur ther 
improve this approach by designing 
even more sophist icated protocols for  
this two- step, self- assembly 
mechanism. Ult imately, this work could 
yield int r icate mater ials to create 
complex systems for catalysis, drug 
delivery, and energy storage.
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Left : SAXS data decomposed into three nanocrystal phases? colloidal (green), liquid (blue), and 
superlat t ice (yellow)? and the quant itat ive fit  (red) of the data (black). Right : Fract ion of 
nanocrystals detected by SAXS to be in each of the three phases over t ime at  a part icular quench 
depth and ionic st rength.
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