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A solution can contain very large particles without containing
very large molecules. Small molecules can associate into aggre-
gates. Alternatively, a particle can be one enormous molecule
whose atoms are connected by ordinary chemical bonds.
Distinguishing these possibilities changed what chemistry could
claim about rubber, cellulose and other materials.

The macromolecular concept did not require a special bond
reserved for giant objects. Its central proposal extended ordinary
chemical connectivity over much larger structures. The challenge
was to demonstrate that the size belonged to the molecule itself,
rather than to a temporary association of smaller molecules.

1. Why the aggregate explanation was plausible

Unusual solution behavior does not reveal connectivity directly. A
material may produce viscous solutions, show colloidal behavior
or resist purification into a single sharp molecular species. Those
observations can suggest large dispersed entities while leaving
open what holds each entity together.

In his 1953 Nobel lecture, Hermann Staudinger compares
molecular colloids with micellar colloids, including soaps. He
explains that their similar behavior helped make aggregate inter-
pretations plausible for materials later understood as macromolec-
ular. The alternative was not simply a refusal to believe that
anything could be large. It was a different account of what the
large particle consisted of. [1]
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This distinction limits what any single measurement can establish.
A measurement sensitive to particle size may distinguish a small
solute from a large entity while failing to distinguish a covalent
chain from a cluster. To test the macromolecular interpretation,
investigators needed operations that could separate the conse-
quences of connectivity from those of association.

2. Ordinary bonds, extraordinary extent

Staudinger’s account describes macromolecules as structures built
according to the same chemical valence principles used for smaller
organic molecules. The novelty lay in allowing those bonds to
connect many repeating units into extended chains or

networks. [1]

A structural formula can conceal the difference if it gives only the
composition of a repeat unit. The formula of a unit does not
specify how many units are connected, what the chain ends are, or
whether different chains have different lengths. These questions
become central once the molecule itself is large.

Nor does “polymer” necessarily mean that every molecule in a
sample has identical size. A material can contain a distribution of
chain lengths. An average molecular mass then summarizes a
distribution rather than identifying one exact molecular species
present in every particle.

This changes the explanatory burden. Variability need not always
be dismissed as contamination obscuring a single small molecule.
It can be a property of the macromolecular population that the
material actually contains. Determining that population requires
suitable measurements and explicit definitions of the average
being used.
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3. Transform the chemistry while testing the chain

A particularly informative strategy changes chemical groups while
asking whether the underlying degree of polymerization is
retained. Staudinger’s lecture presents polymer-analogous trans-
formations as evidence for connected macromolecular structures.
If derivatives with different chemical groups preserve the relevant
chain relationship, a model based only on loose association faces a
more demanding explanation. [1]

Cellulose and its derivatives provide his worked historical setting.
The argument combines chemical transformation with measure-
ments such as osmotic and end-group determinations, rather than
relying exclusively on the appearance of a viscous solution. The
lecture’s Table 5 explicitly compares molecular-weight information
obtained through different methods. [1]

The inference is strongest when alternatives are made explicit.
Changing a side group can also alter solubility, association and
chain conformation. An observed change in viscosity is therefore
not automatically a change in chain length, and an unchanged
bulk property is not automatically proof that every covalent

link survived.

The experimental program needs converging constraints: what
chemical transformation occurred, whether chain cleavage was
possible, what the size-sensitive method measures, and whether
several measurements support a compatible structure.
Connectivity is inferred through this network of results, not seen
directly in every one of them.

4. A numerical illustration of what an average means

Consider an invented sample with equal numbers of molecules of
masses 10,000 and 30,000 mass units. Its number-average
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molecular mass is (10,000 + 30,000)/2 = 20,000. Its mass-weighted
average is (10,0002 + 30,0002) /(10,000 + 30,000) = 25,000.

The two answers are compatible because the larger molecules
contribute a greater share of the sample’s mass. Neither average
implies that a molecule of exactly that mass must be present.
These numbers are a modern explanatory illustration, not values
from Staudinger’s historical experiments.

The example identifies a new problem made salient by the macro-
molecular framework. A reported “molecular weight” needs a
measurement definition. Disagreement between methods may
reflect what they weight, as well as experimental error or a
defective structural model.

This does not mean every discrepancy can be explained away by a
distribution. Aggregation, degradation, branching and solvent
effects can matter. The distribution concept supplies testable alter-
natives and encourages comparison between methods; it should
not become a universal excuse for incompatible measurements.

5. The lecture records a collective field, not a solitary
miracle

Staudinger’s retrospective lecture credits work on particle shape,
molecular-weight determination, kinetics, polysaccharides, X-ray
studies and microscopy, including contributions by Rudolf Signer,
Glinter Victor Schulz, Elfriede Husemann and Magda Staudinger.
It also discusses work by other laboratories. The evidential
program was wider than one person’s initial proposal. [1]

The lecture is nevertheless a participant’s account delivered after
recognition of the field. Its descriptions of earlier alternatives and
of what constituted proof are historical testimony, not an indepen-
dent verdict on every controversy. Reconstructing a precise
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chronology of acceptance would require additional contemporary
records from the different participants.

For this reason, the conceptual change need not be packaged as a
moment when everyone stopped believing in aggregates. Micelles
and other aggregates remain real. What changed was the ability to
distinguish them from large covalently connected molecules and
to explain particular materials through the latter when the
evidence warranted it.

6. The new questions opened by large molecules

Once giant molecules become admissible, chain length, architec-
ture, flexibility, branching and distributions become explanatory
variables. A shared repeat unit no longer guarantees identical
material behavior. The question becomes how molecular organiza-
tion relates to measured properties under specified conditions.

This is not a claim that polymer chemistry explains all of materials
science, or that a macromolecular formula alone predicts every
useful property. Processing, interactions between chains and
larger-scale structure remain relevant. The molecular concept
makes those dependencies more precisely investigable.

The rupture lay in extending ordinary chemical bonding beyond
the size limits that had constrained interpretation, while devel-
oping ways to discriminate genuine molecular size from aggrega-
tion. Chemistry gained a new range of objects through a more
demanding connection between synthesis, transformation

and measurement.
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Related reading

BRK Article 003, “Life becomes open to physicochemical explana-
tion,” likewise examines a change in the experimental operations
through which a chemical mechanism could be investigated.
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