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How to Make Dichroic Glass: A Creative Guide to Crafting Stunning Color-Shifting Art

how to make dichroic glass is a fascinating journey that combines science, artistry, and
a touch of magic. If you've ever admired the mesmerizing colors and shimmering effects of
dichroic glass in jewelry or decorative pieces, you might be curious about how this unique
material is created. The process involves layering ultra-thin metallic coatings on glass that
reflect and transmit different wavelengths of light, producing that signature color-shifting
effect. In this guide, we'll explore the essential techniques, materials, and tips to help you
understand and even try your hand at making dichroic glass.

The Basics of Dichroic Glass

Before diving into the practical steps, it’s important to grasp what dichroic glass actually is.
The term “dichroic” means “two colors,” but in reality, dichroic glass can display a
spectrum of colors depending on the angle of light and the observer’s viewpoint. This
optical phenomenon is achieved by applying multiple ultra-thin layers of metal
oxides—such as titanium, chromium, aluminum, and silicon oxides—onto the glass surface.

These coatings selectively reflect certain wavelengths of light while allowing others to pass
through, resulting in a vibrant interplay of colors. The process requires precision and
specialized equipment, but understanding the fundamentals opens up exciting possibilities
for artists and glass enthusiasts.

Materials Needed to Make Dichroic Glass

To embark on your dichroic glass-making adventure, you’ll need some specific supplies and
tools. Here’s a rundown of the essentials:

Glass sheets: Clear glass or compatible base glass, often thin float glass or
borosilicate, serves as the substrate for coating.

Metal oxide coatings: These are the key to achieving dichroic effects. In commercial
settings, these are deposited via vacuum deposition, but alternatives exist for smaller
projects.

Vacuum deposition equipment: Typically, magnetron sputtering or electron beam
evaporation systems are used to apply metal oxide layers in a controlled environment.

Furnace or kiln: For fusing and annealing glass pieces if you plan to incorporate
dichroic glass into fused glass art.

Protective gear: Safety goggles, gloves, and ventilation systems are essential when



working with glass and coatings.

Cutting and grinding tools: To shape and finish your glass pieces after coating.

While industrial vacuum coaters produce high-quality dichroic glass, artists can also
purchase pre-coated dichroic sheets or explore creative workarounds such as layering thin
films or using dichroic films.

Understanding Vacuum Deposition: The Heart of
Dichroic Glass Production

Creating dichroic glass involves a highly technical process called vacuum deposition. This
method applies microscopic layers of metal oxides onto the glass surface inside a vacuum
chamber. Let’s break down how this works:

The Vacuum Chamber Environment

Inside the vacuum deposition machine, air is evacuated to create a near-vacuum, which
prevents contamination and allows atoms to travel freely without colliding with air
molecules. This environment is critical for creating uniform, thin, and durable coatings.

Metal Oxide Layering

The process involves vaporizing metal elements (like titanium or silicon) using methods
such as electron beam evaporation. These vaporized atoms then condense onto the glass
substrate, forming thin oxide layers. The thickness of each layer is carefully controlled,
often at the scale of nanometers, to fine-tune the colors produced.

Layering for Color Effects

By stacking multiple layers with different refractive indices, a dichroic filter is created. The
interference of light waves reflecting off these layers results in selective reflection and
transmission—this is what gives dichroic glass its captivating color-shifting properties.

DIY Approaches to Making Dichroic Glass at Home

While vacuum deposition is the gold standard for professional dichroic glass production, it’s
not always accessible for hobbyists. However, there are alternative methods and tips to
achieve similar effects on a smaller scale.



Using Pre-Coated Dichroic Films

One popular technique involves purchasing thin dichroic films or foils that mimic the look of
vacuum-coated glass. These films can be fused between layers of glass in a kiln to create
small dichroic glass pieces.

Fusing Dichroic Film with Glass

Cut your base glass and dichroic film to the desired size.

Clean all surfaces thoroughly to avoid impurities.

Place the dichroic film between two glass pieces.

Fire the sandwich in a kiln following a controlled schedule to fuse the layers without
damaging the film.

Cool slowly to prevent thermal shock.

This method is widely used in jewelry making and small art projects to harness the beauty
of dichroic glass without industrial equipment.

Layering Thin Glass with Dichroic Paints and Powders

Another creative avenue involves using dichroic glass powders or paints that contain
reflective particles. These can be applied onto glass surfaces and fused in a kiln to create
shimmering effects, though they don’t replicate the full spectral range of true dichroic
coatings.

Tips for Crafting with Dichroic Glass

Working with dichroic glass brings unique challenges and opportunities. Here are some
insights to help you get the most out of your creations:

Handle with care: The coatings on dichroic glass can be delicate. Avoid scratching
the surface, and wear gloves to prevent fingerprints.

Experiment with angles: The color shifts based on the viewing angle and light
source. Try moving your piece under different lighting to appreciate its full effect.

Combine with other glass techniques: Dichroic glass can be incorporated into



fused glass, stained glass, and lampworking projects for stunning results.

Test firing schedules: When fusing dichroic films or powders, experiment with kiln
temperatures and hold times to find the best settings that preserve color and clarity.

Consider layering: Multiple layers of dichroic glass or films can create complex color
effects and depth.

Exploring Applications of Dichroic Glass

Understanding how to make dichroic glass opens doors to a variety of creative applications.
Artists and designers use this material for:

Jewelry: Earrings, pendants, and rings that catch light with vibrant colors.

Sculptures: Glass art pieces that change appearance as viewers move around them.

Architectural accents: Decorative panels and windows that add dynamic color to
spaces.

Optical devices: Filters and lenses that rely on dichroic coatings for precise light
control.

Each use highlights the versatility and allure of dichroic glass, making it a favorite among
contemporary glass artists.

Final Thoughts on How to Make Dichroic Glass

While the industrial process for producing authentic dichroic glass involves advanced
vacuum deposition techniques, understanding the science behind it enriches your
appreciation and creativity. For most artists and hobbyists, working with pre-coated films or
powders and experimenting with kiln fusing offers a practical and rewarding way to engage
with dichroic glass.

Whether you’re crafting unique jewelry pieces or exploring innovative glass art, the
interplay of light and color in dichroic glass provides endless inspiration. Embrace the
process with patience, curiosity, and a willingness to experiment, and you'll discover just
how magical this material can be.



Frequently Asked Questions

What is dichroic glass and how is it different from
regular glass?
Dichroic glass is a type of glass that displays multiple colors by reflecting and transmitting
light at different angles. It is different from regular glass because it contains thin layers of
metal oxides that create its unique color-shifting properties.

What materials are needed to make dichroic glass?
To make dichroic glass, you need clear glass sheets, metal oxides (such as titanium, silicon,
and magnesium oxides), a vacuum deposition chamber or sputtering system, and a kiln for
fusing the glass.

What is the process of making dichroic glass at home?
Making true dichroic glass at home is challenging due to specialized equipment, but a basic
method involves layering thin metal oxide films onto glass using a vacuum deposition
system, then fusing the layers in a kiln. Alternatively, artists use pre-made dichroic glass
sheets to create fused glass art pieces.

Can dichroic glass be made without specialized
equipment?
No, authentic dichroic glass requires vacuum deposition or sputtering equipment to apply
thin layers of metal oxides. However, artists can purchase pre-made dichroic glass sheets
to work with in their projects without needing specialized machinery.

How does the vacuum deposition process work in
making dichroic glass?
In vacuum deposition, metal oxides are vaporized in a vacuum chamber and deposited onto
the surface of glass in extremely thin layers. These layers interfere with light to produce the
characteristic color-shifting effect of dichroic glass.

What safety precautions should be taken when making
dichroic glass?
Safety precautions include wearing protective eyewear, gloves, and masks when handling
chemicals and operating high-temperature kilns or vacuum equipment. Proper ventilation is
also essential to avoid inhaling fumes.

How can artists use dichroic glass in their projects?
Artists can fuse pieces of dichroic glass with clear or colored glass in a kiln to create
jewelry, sculptures, or decorative items. The color-shifting properties add a dynamic visual



effect that changes with the angle of light and viewing.

Additional Resources
How to Make Dichroic Glass: An In-Depth Exploration of Techniques and Materials

how to make dichroic glass is a question that intrigues both professional glass artists
and hobbyists alike. This striking material, known for its vivid color shifts and reflective
qualities, has become a staple in contemporary glass art, jewelry, and high-tech optical
applications. Understanding the process behind creating dichroic glass reveals a blend of
advanced scientific principles and meticulous craftsmanship. This article explores the
essential methods, materials, and considerations involved in producing dichroic glass,
providing a comprehensive analytical perspective for those aiming to master or appreciate
this unique medium.

The Science Behind Dichroic Glass

Dichroic glass owes its captivating color-changing properties to thin-film interference, a
physical phenomenon where multiple layers of metal oxides are deposited onto the glass
surface. These ultra-thin coatings cause certain wavelengths of light to be reflected while
others pass through or are absorbed, resulting in the characteristic iridescence and shifting
hues. The term "dichroic" itself refers to the ability of the glass to display two or more
different colors depending on the angle of view or lighting.

Materials Utilized in the Production

The base material for dichroic glass is typically clear or colored glass, often borosilicate or
fused silica, chosen for its thermal and optical properties. The coating process involves
depositing microscopic layers of oxides such as titanium dioxide, silicon dioxide, and
magnesium fluoride. These oxides are selected for their refractive indices and durability,
which influence the final color palette and wear resistance of the glass.

How to Make Dichroic Glass: Step-by-Step
Process

Manufacturing dichroic glass is a highly technical procedure requiring specialized
equipment, precise control, and clean environments. Below is an analytical breakdown of
the general method used in industrial and artisanal settings.



1. Preparation of the Glass Substrate

Before coating, the glass substrate must be thoroughly cleaned to remove any
contaminants that could interfere with adhesion or optical clarity. This step often involves
ultrasonic cleaning baths, solvents, and deionized water rinses to ensure a pristine surface.

2. Thin-Film Deposition Techniques

Two primary techniques dominate the application of dichroic coatings:

Vacuum Deposition (Physical Vapor Deposition - PVD): In this method, metallic
or oxide materials are vaporized in a vacuum chamber and then condensed onto the
glass substrate, forming thin, uniform films. The vacuum environment minimizes
contamination and allows for precise control of layer thickness, often in the range of
tens to hundreds of nanometers.

Sputtering: This process involves bombarding a target material with energetic ions
to eject particles that deposit onto the glass. Sputtering offers excellent adhesion and
uniformity, making it popular for complex or multi-layer coatings.

The exact sequence and thickness of the oxide layers are calibrated to produce the desired
optical effects. Manufacturers may apply anywhere from a handful to dozens of layers to
achieve specific color shifts and intensity.

3. Quality Control and Testing

Post-deposition, the dichroic glass undergoes rigorous inspection. Optical spectrometry is
used to verify the wavelength reflection and transmission properties. Microscopic
examination ensures there are no imperfections such as pinholes or uneven coatings. This
phase is critical because even minor defects can significantly alter the aesthetic and
functional qualities of the glass.

Comparing Dichroic Glass to Other Color-
Changing Materials

Dichroic glass stands apart from other iridescent materials like coated plastics or dichroic
films due to its durability, heat resistance, and optical clarity. Unlike paint or sprayed
coatings, the thin-film layers are chemically bonded to the glass, making them resistant to
scratching and fading. However, the complexity and cost of production are higher, which is
an important consideration for artists and manufacturers.



Pros and Cons of Dichroic Glass

Advantages:

Exceptional color-shifting effects that are angle-dependent

Highly durable and resistant to environmental degradation

Compatible with various glassworking techniques such as fusing, slumping, and
lampworking

Disadvantages:

Requires specialized equipment and expertise to produce

Higher cost compared to standard colored glass

Limited availability in certain thicknesses or sizes

Applications and Artistic Uses

The unique interplay of color and light in dichroic glass has inspired myriad applications
beyond traditional art. In jewelry making, dichroic glass is often fused into pendants,
earrings, and rings, prized for its vibrant, shifting hues. Architects and designers
incorporate dichroic panels to create dynamic facades or interior installations that change
with natural daylight.

Additionally, dichroic coatings have important roles in scientific instruments and
optics—such as beam splitters and filters—where precise light management is essential.

Techniques for Working with Dichroic Glass

Artists interested in how to make dichroic glass or incorporate it into their work must
understand how to manipulate it safely and effectively. Because the coatings are sensitive
to extreme heat, glass fusing schedules must be carefully calibrated. Moreover, cutting and
grinding dichroic glass requires diamond tools to avoid chipping the thin-film layers.



Environmental and Safety Considerations

The production of dichroic glass involves handling materials and processes that require
stringent safety measures. Vacuum deposition chambers operate under high vacuum and
often at elevated temperatures, necessitating trained personnel and protective equipment.
Moreover, some metal oxides used in coatings can pose inhalation or contact hazards.

From an environmental perspective, the deposition process can consume significant
energy, and waste management protocols must be in place for spent targets and cleaning
solvents.

Future Trends in Dichroic Glass Production

Advancements in nanotechnology and materials science continue to refine how dichroic
glass is manufactured. Researchers are exploring novel oxide combinations and deposition
methods to expand the color range and improve layer durability. There is also growing
interest in scalable, low-cost techniques that could democratize access to dichroic glass for
smaller studios and emerging artists.

Additionally, the integration of dichroic coatings with smart glass technologies opens new
possibilities for adaptive architectural elements and interactive displays.

The exploration of how to make dichroic glass reveals a fascinating intersection of art,
science, and technology. Whether for aesthetic innovation or functional optics, mastering
the production of this material requires an appreciation of both its physical underpinnings
and the practical challenges involved in its fabrication.
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  how to make dichroic glass: The Complete Book of Glass Beadmaking Kimberley Adams, 2005
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A guide to the popular craft offers beadmakers instructions for how to torch, wind, and cool beads;
directions for creating various designs, including barrels, cones, and discs; and strategies for
achieving a variety of colors and patterns.
  how to make dichroic glass: How to Make 100 Bead Embroidery Motifs Genevieve Crabe,
2014 How to Make 100 Bead Embroidery Motifs is a visual showcase of 100 different motifs,
organized in sections by design category. It's the perfect book for beginners and seasoned beaders!
  how to make dichroic glass: Surface Decoration Anderson Turner, 2008
  how to make dichroic glass: Basic Glass Fusing Lynn Haunstein, 2012-09-01 From Stackpole's
bestselling Basics series, this book presents a fun, growing trend in glass crafts.
  how to make dichroic glass: Artful Glass Bracelets: A Comprehensive Guide to Creating
Stunning Glass Jewelry Pasquale De Marco, 2025-04-27 Embark on a creative journey into the world
of glass jewelry making with Artful Glass Bracelets: A Comprehensive Guide to Creating Stunning
Glass Jewelry. This comprehensive guidebook unlocks the secrets and techniques behind crafting
exquisite glass bracelets that embody artistry and personal expression. Step-by-step instructions,
detailed explanations, and captivating imagery guide readers through the fundamentals of
glassworking, empowering them to transform molten glass into wearable masterpieces. From
selecting the perfect glass to mastering essential cutting and shaping skills, this book provides a
solid foundation for beginners and a wealth of inspiration for experienced artists. Dive into the art of
decorating and embellishing glass bracelets, exploring the endless possibilities of color theory,
dichroic glass, enamels, and other embellishments. Learn how to add vibrant hues, intricate
patterns, and captivating textures to create truly unique and eye-catching pieces that reflect your
personal style. Discover the art of jewelry making, covering essential aspects such as choosing the
right findings, assembling and finishing techniques, and effective marketing strategies. With a
strong emphasis on quality and craftsmanship, this book equips readers with the knowledge and
skills necessary to create high-quality glass bracelets that are both aesthetically pleasing and
structurally sound. Whether you are a seasoned glass artist seeking to expand your repertoire or a
novice eager to explore the fascinating world of glass jewelry making, Artful Glass Bracelets is an
indispensable resource. Its comprehensive approach, engaging writing style, and abundance of
practical guidance will empower you to transform your creative vision into stunning glass bracelets
that will captivate and inspire. With Artful Glass Bracelets as your guide, you will embark on a
journey of creativity, transforming molten glass into wearable works of art that showcase your
unique style and artistic flair. If you like this book, write a review on google books!
  how to make dichroic glass: Making Bead & Wire Jewelry Dawn Cusick, 2002 Explains the
techniques involved in making bead and wire jewelry, discusses tools and materials, and features
illustrated instructions for seventy-five projects, including necklaces, earrings, bracelets, and pins.
  how to make dichroic glass: 40 Great Glass Fusing Projects Lynn Haunstein, 2014-04-01
Whether you are new to glass fusing or a veteran glass crafter, you will find fresh ideas in this book.
  how to make dichroic glass: Set Lighting Technician's Handbook Harry Box, 2003 Harry Box's
Set Lighting Technician's Handbook provides students with practical hands on information on day to
day conventions and practices essential for working in the field of motion picture and television set
lighting.
  how to make dichroic glass: Beginner's Guide to Enamelling Dorothy Cockrell, 2014-09-24
BACK BY POPULAR DEMANDDorothy Cockrell encourages readers to enjoy the delights of this
exciting and gratifying craft. Offering easy step-by-step photographs and instructions, she guides the
reader through all the different techniques, illustrating how beautiful and unusual effects can be
achieved once the basic principles have been learnt. She discusses how to prepare the metal,
choosing and mixing colours and firing methods. More advanced techniques are also included:
stencilling, drawing on enamel, sgrafitto, using rubber stamps, working with gold and silver leaf,
and more. You can make jewellery, decorate boxes, create pictures, embellish bowls and produce
many unique designs. The vibrant colours and wonderful textures will make you want to experiment
and develop your own projects. Packed with stimulating and innovative ideas, this book will appeal



to beginners who want to start a fascinating new craft, and it will also inspire anyone interested in
the art of enamelling.Previously published as ISBN 9781903975619
  how to make dichroic glass: Artistic Glass and Wire Creations: Unlocking Creativity and Skill
Pasquale De Marco, 2025-04-27 Unleash your creativity and explore the captivating art of fused
glass and wire artistry with this comprehensive guide. Whether you're a seasoned artist or a curious
beginner, this book will ignite your passion and empower you to craft exquisite works of art. Embark
on a transformative journey as you delve into the depths of glass's mesmerizing properties and the
versatile nature of wire. Discover the secrets of kiln firing, transforming molten glass into
captivating masterpieces. Unravel the intricacies of wireworking, manipulating this pliable medium
into intricate designs and delicate embellishments. Learn how to combine these elements
harmoniously, creating compositions that showcase the unique beauty of each material. With clear
instructions and detailed illustrations, this guide will take you step-by-step through the fundamental
techniques of fused glass and wire artistry. You'll master the art of wire wrapping, weaving, coiling,
and etching, transforming ordinary wire into extraordinary accents. Explore creative kiln
techniques, including glass slumping and dichroic fusing, to add depth and dimension to your
creations. Whether you're drawn to the intricate beauty of wire-wrapped pendants, the bold
elegance of glass and wire sculptures, or the delicate charm of fused glass jewelry, this book
provides endless inspiration and practical guidance. Discover how to incorporate mixed media
elements, such as beads, stones, and found objects, to create truly unique and captivating pieces.
With its comprehensive coverage of techniques, inspiring projects, and troubleshooting tips, this
book is an indispensable resource for anyone passionate about fused glass and wire artistry. Ignite
your creativity and embark on a journey of artistic exploration today! If you like this book, write a
review on google books!
  how to make dichroic glass: Inspired Marketing! Joe Vitale, Craig Perrine, 2008-04-30
Inspired Marketing! presents the inside secrets of today?s most successful marketers. If you sell
anything, this handy, practical, rainmaking guide reveals a new way to sell without resorting to
hype, scare tactics, or manipulation using an amazing step-based model anyone can apply. If you?re
a salesperson or marketer who knows that the old tactics no longer work and that long-term success
requires fresh ideas, this is the perfect guide for you.
  how to make dichroic glass: The Glass Artist's Studio Handbook Cecilia Cohen,
2011-07-01 The go-to reference that covers the basics of setting up a studio, three popular
techniques for creating glass art, and projects that will challenge you. The Glass Artist's Studio
Handbook offers readers a comprehensive and accessible guide to not only the nuts and bolts of this
perennially popular craft but insight into the artisan crafter's lifestyle. Our book offers much, much
more than just projects—it will fast become the definitive bible for all home crafters. Many glass art
how-to books on the market provide precise patterns and instructions for projects that are fairly
traditional in technique, materials and style. Completing a project from those books leaves you with
a piece that is ideally identical to what the author created—and to what every other student using
the book created. Many books are strong in the basics but do not do enough to challenge us to
stretch our imagination, experiment with new styles, and explore materials. Readers want creative
challenge and stimulation, and Quarry delivers with this complete glass art curriculum.
  how to make dichroic glass: Paragon Quikfire Instruction & Service Manual ,
  how to make dichroic glass: Makers Janet Koplos, Bruce Metcalf, 2010-07-31 Here is the first
comprehensive survey of modern craft in the United States. Makers follows the development of
studio craft--objects in fiber, clay, glass, wood, and metal--from its roots in nineteenth-century
reform movements to the rich diversity of expression at the end of the twentieth century. More than
four hundred illustrations complement this chronological exploration of the American craft tradition.
Keeping as their main focus the objects and the makers, Janet Koplos and Bruce Metcalf offer a
detailed analysis of seminal works and discussions of education, institutional support, and the
philosophical underpinnings of craft. In a vivid and accessible narrative, they highlight the value of
physical skill, examine craft as a force for moral reform, and consider the role of craft as an



aesthetic alternative. Exploring craft's relationship to fine arts and design, Koplos and Metcalf foster
a critical understanding of the field and help explain craft's place in contemporary culture. Makers
will be an indispensable volume for craftspeople, curators, collectors, critics, historians, students,
and anyone who is interested in American craft.
  how to make dichroic glass: Paragon Ceramic Fiber Jewelry Kiln Instruction & service Manual
,
  how to make dichroic glass: Bead & Jewellery Issue 108 June 2021 Magazines Global, Bead &
Jewellery Issue 108 June 2021
  how to make dichroic glass: Glass Fusing: A Comprehensive Guide to the Art of Firing
Glass Pasquale De Marco, 2025-04-27 Embark on a transformative journey into the world of glass
fusing with this comprehensive guide, meticulously crafted to empower you with the knowledge and
skills to create mesmerizing works of art from molten glass. Discover the captivating allure of this
versatile medium as you delve into the rich history of fused glass, tracing its origins from ancient
civilizations to its modern-day resurgence. Explore the diverse range of glass fusing techniques,
from traditional methods to innovative contemporary approaches, and gain a solid foundation in the
fundamentals to ensure success in your creative endeavors. Immerse yourself in the practical
aspects of glass fusing by familiarizing yourself with the essential tools and equipment. Learn how to
select the right kiln for your projects, choose the appropriate glass cutters and other cutting tools,
and prepare molds and other accessories to elevate your glass fusing skills. Master the art of
preparing your glass for fusing, from selecting the right type of glass to cutting and shaping pieces
with precision, and cleaning and etching surfaces for proper adhesion. Unleash your creativity by
applying frit, powder, and other embellishments to your glass creations, adding depth and texture to
your designs. Unlock the secrets of kiln firing techniques and gain control over the transformative
process of glass fusing. Understand the intricacies of kiln firing cycles, learn how to set up your kiln
for optimal results, and troubleshoot common problems that may arise during the firing process.
Discover the art of controlling temperature and time to achieve the desired effects, and explore the
nuances of cooling and annealing fused glass projects to ensure their longevity. Create stunning
glass fusing projects that reflect your artistic vision. Start with basic projects such as jewelry,
ornaments, and bowls, gradually progressing to advanced techniques like incorporating dichroic
glass, using molds and slumping, and experimenting with mixed media. With each project, refine
your skills and explore new dimensions of creativity. Throughout this comprehensive guide, you'll
find invaluable tips and tricks to enhance your glass fusing expertise. Learn how to achieve
consistent results, troubleshoot common problems, and care for your fused glass creations to
maintain their beauty and integrity. Embrace the safety guidelines and best practices to ensure a
safe and enjoyable glass fusing experience. Whether you're a seasoned glass artist seeking to
expand your horizons or a beginner eager to embark on this captivating art form, this book is your
trusted companion. Immerse yourself in the world of glass fusing, discover the joy of creating unique
and captivating works of art, and let your imagination soar as you transform molten glass into
masterpieces. If you like this book, write a review on google books!
  how to make dichroic glass: Metal Clay Magic Nana Mizushima, 2012-11-19 It's as easy to use
as modeling clay. Fire it, and it turns to pure silver: It's metal clay magic! Nana Mizushima's playful
approach shows how this fantastic medium allows anyone to craft items in silver. Features more
than 25 imaginative, appealing projects for beads, earrings, pendants, bookmarks, pet tags, little
boxes, origami, and more.
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objective or end，达成目的。 it完全虚义，只是为了在语法上凑出make的宾语。 什么事情上达成目的，由
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