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Whether you’re photographing your aunt with her cat or tracking fluorescent mitochondria inside a
cell, the problem is the same: light has a mind of its own. It bends, it splits, and when it passes through a
lens... it smears. And when it smears, you don’t just get blur—you get color where it shouldn’t be. Newton
already warned us, prism in hand: light isn’t white; it’s a riot of colors, eager to scatter in every direction. The
challenge is corralling them—and that’s where the right lenses make all the difference. That’s why, in both
photography and microscopy, anyone seeking sharp, faithful images falls for apochromatic lenses. These are
no ordinary lenses—they’re crafted with micron-level precision to bring three wavelengths into perfect
alignment. No halos, no shifts—just reality, or something remarkably close.

Isaac Newton disperses light with a glass prism

In this article, we’re talking precisely about them: what they are, where they come from, who makes
them, and why they remain indispensable tools for anyone who insists that a color stay exactly where it
belongs. Whether it’s a landscape, a protein, or a truth.

Apochromatism and Chromatic Correction in Modern Microscopy

In the microscopic world, precision is everything. When observing cells labeled with different
fluorophores, every nanometer of accuracy matters. An image that appears flawless can still conceal
systematic errors if the optical system isn’t up to the task. This is where critical concepts like apochromatic
correction, VC (Violet Correction), and issues related to channel shift and colocalization come into play. But

Color Precision OPTICAL PHOTOS - Scuola di Microscopia




Scuoladi
Microscopia

what do these terms mean and why are they so important? Every lens has its limits: by refracting light, it
separates different wavelengths like a prism. This phenomenon, known as chromatic aberration, causes
different colors to focus on different points. In optical microscopy, this is far from a trivial problem: images
acquired in different fluorescence channels (blue, green, red) may become misaligned, compromising both
guantitative measurements and biological interpretations.
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In 1758, John Dollond patented the first achromatic lens, which corrected aberration for two
wavelengths (typically blue and red). The real breakthrough, however, came in 1886 when Ernst Abbe and
Otto Schott developed the first apochromatic objectives for Zeiss. These lenses, capable of bringing three
wavelengths (usually blue, green, and red) into focus on the same plane, drastically reduced chromatic
aberration. Known as “apo” lenses, they remain the standard for precise observation in fluorescence
microscopy to this day.

\
John Dollond (1706-1761) Ernst Karl Abbe (1840-1905) Friedrich Otto Schott (1851-1935)

With the rise of multichannel fluorescence microscopy in the 1990s, it became common to use
fluorophores such as DAPI or Alexa 405, which emit in the violet range (around 405 nm). However, even many
apochromatic objectives were not designed to correct for wavelengths that short. The result? The 405 nm
channel can appear blurred, off-center, or out of focus compared to other channels. To address this, major
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manufacturers—Nikon, Zeiss, Olympus, and Leica—introduced objectives with VC (Violet Correction),
specifically engineered to correct even the violet wavelengths. These lenses, often labeled “Plan Apo VC,”
“Super Apo,” or “Lambda,” provide near-perfect optical alignment across channels, from violet all the way to
near-infrared. One of the most common applications in fluorescence microscopy is determining whether two
molecules occupy the same location within a cell—a process known as colocalization. However, even a small
channel shift—an apparent misalighment between channels caused by chromatic aberration or mechanical
errors—can lead to false positives or negatives in the analysis.

For example:

e Asignal may appear separate from another simply because the two channels are optically misaligned.
e Conversely, a highly blurred signal can spill into another channel, creating a false colocalization.

To prevent these errors, the following approaches are used:

e Apochromatic objectives with VC, which minimize channel shift at the source.

e Multispectral fluorescent beads (such as TetraSpeck) for measuring and correcting channel
misalignment.

e Registration and correction software (e.g., Imagel, Imaris, NIS-Elements) that align channels using
geometric transformations.

1733 First concept of the achromatic lens (C.M. Hall)
1758 John Dollond patents the first achromatic objective lens
1886 Zeiss introduces the first apochromatic objectives (Abbe & Schott)
1950-1970 Adoption of apo and semi-apo objectives in contrast microscopy
‘90s Increasing use of UV—violet fluorophores (DAPI, Alexa 405)
around 2005 Introduction of Apo VC objectives corrected for 405 nm
2010—present Lambda, NIR, and Super Apo objectives for advanced imaging

A technological journey: from simple lenses to Apo VC objectives

Today, microscopy is not just about visualization—it’s about quantification, spatial analysis, and
molecular colocalization. To achieve reliable results, every wavelength must be perfectly focused on the same
plane. This is especially critical in confocal microscopy, which optically sections the sample to generate high-
resolution, three-dimensional images. In this context, even minimal chromatic aberrations can lead to 3D
positioning errors, selective blurring, or false colocalization signals.

This is why apochromatic objectives with Violet Correction are not a luxury—they are a technical
necessity. They provide sharp, perfectly aligned images across the entire spectral range, from violet to near-
infrared. In other words, they ensure that what we see through the microscope truly reflects the biological
reality of the sample. As is often true in science, precision begins with the smallest details—in this case, the
light and the lens that carry it to our eyes (or to our pixels).
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Malpighi and the Revolution of Color

Long before chromatic aberration was even a concept, the challenge was more “artistic” than
technical: how could one accurately describe and communicate what was seen under the microscope? Until
the 17th century, scholars relied on black-and-white sketches, often closer to symbolic illustrations than
faithful representations. It was Marcello Malpighi (1628-1694), the Bolognese medical doctor and
microscopist, who brought a turning point. In his letters to his Dutch colleague Jan Swammerdam, Malpighi
went beyond merely describing the anatomical structures of plants and animals—he meticulously noted the
colors he observed. This represents the first systematic evidence of a microscopist recognizing that color is
not merely an aesthetic detail, but a piece of scientific information.

His life was not without conflict. A professor in Bologna and later Pisa, and a member of the
Accademia del Cimento, Malpighi often found himself at the center of disputes with jealous or skeptical
colleagues resistant to the new experimental methods. Yet, with persistence and rigor, he continued to study
what his eyes—and his lenses—revealed: the capillaries in the lungs, the structure of leaves, the network of
tiny channels in tissues. A world being seen—and recorded—in color for the first time.

Anatomy of Silkworm Development (© Alma Mater Studiorum Universiy of Bologna - Biblioteca Universitaria
di Bologna, Ms936-1l, H)

Apochromatic Lenses in Photography: Sharpness, Fidelity, and No Compromises

Nel In the world of photography, few terms inspire as much admiration as “apochromatic.” It’s a label
that excites collectors, promises maximum color fidelity for portrait photographers, and is revered by those
pursuing perfection in black-and-white images. But what truly makes an apochromatic lens special? And why,
despite advances in digital cameras, does it remain a benchmark today?

Every glass lens refracts light differently depending on its wavelength. This phenomenon, known as
chromatic aberration, can appear in images as colored fringes around high-contrast edges—for example,
branches against the sky or reflections on metallic surfaces. An achromatic lens corrects this aberration for
two wavelengths (typically red and blue). An apochromatic lens (Apo) goes further: it corrects three
wavelengths (red, green, and blue), bringing the rays to converge at the same point both longitudinally
(depth) and laterally (image plane). The result is an extremely sharp image, with neutral colors and no
fringing.

The first true apochromatic photographic lenses appeared in the 1950s, primarily intended for
scientific photography or reproduction work (macro, micro, or typographic printing). It wasn’t until the 1980s
that companies like Leica, Zeiss, Voigtlander, Schneider-Kreuznach, Rodenstock, and Canon introduced Apo
lenses for professional use, particularly for medium-format cameras and telephoto systems. Today, the Apo
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concept is widely applied in video and cinematography, digital photography, and even consumer macro
lenses.

Manufacturer Examples of Famous Apo Lenses

Leica Apo-Summicron-M 50mm f/2, Apo- Extreme optical precision, neutral rendering
Telyt 180mm /3.4

Zeiss Apo-Sonnar T* 135mm /2, Otus Medium-format performance in a 35mm
85mm /1.4 format
Voigtlander Apo-Lanthar 50mm f/2, 90mm /3.5  Extremely sharp results, ideal for black-and-
white photography
Rodenstock Apo-Rodagon, Digaron-S Technical imaging and digital medium-format
photography
Sigma Series APO (e.g. 70mm f/2.8 Macro) Accessible, genuine Apo lenses available in

select macro models

Selected brands providing apochromatic lenses
(corrected longitudinally and laterally for three wavelengths)

Interestingly, even though Apo lenses are designed for color fidelity, they are highly valued by black-
and-white photographers. Why?

e No fringing: even in black-and-white, chromatic aberration can appear as localized blur or loss of
sharpness around edges. Apo lenses maintain absolute precision in micro-contrast, which is essential
for tonal range.

e Neutral bokeh: without color dispersion, out-of-focus areas appear cleaner and more uniform.

e Three-dimensional rendering: uniform sharpness contributes to a “3D effect,” adding depth to
images, especially in portraits.

In this sense, apochromatic lenses become ideal tools for maximizing tonal performance and
producing black-and-white prints rich in detail and dimensionality.
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Leica Super-APO-Summicron-SL 21mm f/2
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Apochromatic lenses represent both an engineering milestone and a deliberate choice for those
seeking the highest image quality. Whether working in color or black-and-white, on digital or film, with a
modern sensor or a darkroom magnifier, Apo lenses deliver sharp, faithful images free from optical
distractions. They are more expensive, of course—but unlike many photographic trends, a good Apo lens
never goes out of style. Precision, like light itself, is timeless.

Well-Cooked Light

Whether you’re observing a cell under a confocal microscope or capturing Palazzo Re Enzo with a
super-Apo 21mm lens, the principle is the same: light must be treated with care. Like a slow-cooked ragu—
patiently, without shortcuts. Apochromatic lenses are like hand-rolled pasta sheets: they require time, skill,
and quality materials. But once done right, the results stay with you forever.

In Bologna, they’ve always known that precision is serious business: from constructing a medieval
tower, to Marcello Malpighi’s pioneering observations of color under the microscope, to the super-resolution
lenses emerging from laboratories on Via di Barbiano. Here, light is studied and nurtured, because whether
you’re photographing Palazzo Re Enzo or optically sectioning a cell culture with a confocal microscope, seeing
clearly is not just a technical matter—it’s almost a moral obligation. And remember not everything that shines
is sharp. But everything that is truly sharp—most likely—has passed through a good Apo lens.

Confocale Microscopy Leica SL3
PlanApo 100x 1.49NA Lens Super-APO 21mm /2.0 Lens

An excerpt of this article appeared in the magazine La Bazza — Journal of Human Disciplines on the Cultural
Heritage of Bologna, October 2005, Volume “LUCI E OMBRE,” in collaboration with Vito Antonio Baldassarro:
https://www.succedesoloabologna.it/wp-content/uploads/2025/09/La-Bazza-Ottobre-2025. pdf
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