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Capillary thinning and break-up of liquid jets is one
of the long-standing important problems attracting wide
scientific and industrial interest [1]. The problem is par-
ticularly challenging in the case of polymer liquids [2–4].
Last decades the essential progress has been attained in
study of Newtonian jets [5, 6]. However experiments re-
veal that Newtonian and polymer liquid threads show
qualitatively different types of behavior [7]. In partic-
ular the jets formed by solutions of flexible polymers
can show formation of blistering patterns where solvent
droplets set on micro- or nano-fibers [8–10]. The na-
ture of these patterns is insufficiently explored. One of
the approaches elucidating this phenomenon was based
on the opportunity for polymer molecules to migrate in
the thinner regions due to the stress-concentration cou-
pling effect [11]. Another molecular model, which has
been proposed recently, puts forward the idea of a flow
induced phase separation in dilute polymer solutions
under extension [12, 13]. It predicts a polymer/solvent
demixing due to the flow-induced orientation of poly-
mer chains acting to reverse their effective interactions
from repulsive to attractive. As a result the elongated
chains tend to micro-separate and form a network of
fibrils tending to compress laterally by squeezing the
solvent out to the jet surface.
Most of the above results cover solutions of flexi-

ble chains. Meanwhile solutions of stiff polymers such
as polypeptides, DNA, cellulose, aromatic polyamide
copolymers etc. are particularly interesting for applica-
tions. Our study is focused on capillary thinning of so-
lutions of rigid rods in the regime of ultrathin jet when
its diameter is smaller than the rod length and the rods
are highly oriented along the jet axis. Such regime arises
at the terminal stage of capillary thinning.
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We examined two qualitatively different mechanisms
of polymer liquid jet instability arisen on long and short
length-scales. For length-scales exceeding the rod length
the surface tension-driven thinning develops in a con-
ventional way (Plateau–Rayleigh mechanism [1]) which
ultimately should result in breaking up of the jet. By
contrast, we show that at shorter length-scales the rods
get effectively trapped inside the jet core whereas the
solvent drains to the surface and forms annular droplets
there, Fig. 1. The latter process of capillary phase sepa-

Fig. 1. (Color online) Illustration of annular droplet of sol-
vent on the polymer solution jet

ration occurs much faster and can prevent the jet from
breaking up. This mechanism works both with non-
volatile solvents and with no specific attraction between
oriented polymer chains and differs from the mechanism
of phase separation which is connected with a reduction
of the steric repulsion of the stretched chains [12, 13].
Moreover, the described mechanism may be also at work
in solutions of semiflexible polymers if the chains are
highly stretched due to extension. Thereby the discov-
ered capillary-driven phase separation effect can provide
a universal mechanism of fiber formation in solutions of
stretched polymers.
Experimental observation and identification of the

predicted solvent/polymer demixing mechanism is a
challenging problem. A thin quasi-uniform jet can be
easily produced, for example, by stretching a liquid
droplet. One option is to use solutions of DNA. These
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chains can be very long and form nano-thick fibers in
solutions [14]. The most appropriate system to verify
our results must involve very long rods. Such macro-
molecular rods (with length≥ 1−10microns) are known,
examples are given by protein polymers (F-actin, mi-
crotubules) and other self-assembling supramolecular
structures (like tri-arylamine fibers) [15–19].
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